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SECTIONALIZED  ELECTRIC  DRIVE  FOR  PAPER  MILLS 


The  electrical  equipment  commonly  em- 
ployed for  driving  paper  mills  comprises  a 
single  direct-current  motor  either  belted  or 
direct-connected  to  the  variable  speed  line 
shaft.  The  various  sections  of  the  paper 
machine  are  connected  to  this  shaft  through 
pairs  of  cone  pulleys  to  permit  of  the  neces- 
sary draw  between  sections.  The  motor  is 
supplied  with  current  from  a  generator  of 
special  design  driven  by  either  a  steam  engine 
or  an  electric  motor,  in  the  latter  case  the  two 
machines  being  usually  arranged  in  the  form 
of  a  motor-generator  set.  The  speed  control 
of  the  direct-current  motor  is  by  the  Ward- 
Leonard  principle,  which  is  the  most  satisfac- 
tory method  of  regulating  the  speed  of  direct- 
current  motors  where  precision  is  required. 
This  form  of  paper  mill  drive  is  an  improve- 
ment on  steam  engine  operation  as  it  permits 
of  much  wider  range  of  paper  speed,  with 
greatly  improved  regulation,  and  for  the  cus- 
tomary speeds  at  which  paper  machines  are 
operated  it  has  amply  fulfilled  the  require- 
ments of  the  trade. 

The  first  consideration  in  the  development 
of  an  improved  form  of  electric  drive  is  the 
elimination  of  the  gear  reduction  driving  each 
section,  with  its  high  maintenance  cost  and 
loss  of  power.  Any  method  other  than  direct- 
connected  motors  is  perforce  a  makeshift  and 
only  a  half  step  in  the  realization  of  the  true 
segregated  drive.  Further,  the  motor  equip- 
ment must  not  be  complicated,  and  its  method 
of  operation  must  be  such  that  it  meets  with 
the  approval  of  the  men  operating  the  machine. 
Continuity  of  operation  is  essential;  hence  the 
control  must  not  depend  upon  contacts, 
regulators  or  any  other  similar  devices,  for  the 
air  in  the  machine  room  where  these  drives 
are  located  is  often  very  humid.  Since  all 
sections  of  a  paper  machine  must  operate  con- 
tinuously and  in  unison  the  failure  of  one 
contact-making  part  to  function  would  cause 
interruption  in  production  and  might  even 
shut  down  the  entire  machine. 

Until  recently  there  has  been  no  demand 
for  sectionalized  drive  of  the  various  sections 


of  a  paper  machine,  and  electrical  manufac- 
turers consequently  had  not  perfected  equip- 
ment for  the  purpose,  although  some  ten  or 
twelve  years  ago  a  series  of  experiments  were 
conducted  on  a  form  of  sectional  drive  for 
paper  machines  which  demonstrated  its  prac- 
ticability. 

The  shortage  of  newsprint  during  the  last 
four  or  five  years,  however,  has  created  an 
urgent  demand  for  large  high  speed  paper 
machines;  but  the  application  of  the  old  forms 
of  drive  at  the  high  speeds  required  was  the 
principal  problem  in  their  realization.  Sev- 
eral types  of  sectionalized  electric  drive 
have  been  offered  for  the  consideration  of  the 
paper  manufacturer  in  which  some  form  of 
special  governor  is  incorporated  which  cannot 
act  until  a  change  in  speed  has  actually 
occurred;  in  other  words,  an  undesirable 
condition  must  happen  before  it  can  be 
corrected  and  there  is  always  a  possibility 
of  breaking  the  sheet  before  the  governor 
functions.  All  of  these  systems  leave  a 
great  deal  to  be  desired  in  the  way  of 
performance. 

As  previously  mentioned,  a  group  of  paper 
mill  specialists  connected  with  the  electrical 
industry  had  anticipated  the  present  condi- 
tion in  the  paper  industry,  and  in  their  experi- 
ments had  laid  the  groundwork  for  the  devel- 
opment of  an  ideal  system  of  paper  machine 
drive  applicable  to  either  high  speed  or  low 
speed  production.  This  system  is  entirely 
different  from  all  other  forms  of  sectionalized 
drive  in  that  it  prevents  a  change  in  speed 
from  taking  place  and  consequently  does  not 
have  to  correct  it. 

The  first  commercial  application  of  this 
new  form  of  drive,  described  elsewhere  in  this 
issue,  has  recently  been  made  to  a  nine-sec- 
tion high-speed  newsprint  machine  in  the 
mills  of  the  Crown  Willamette  Paper  Com- 
pany at  West  Linn,  Oregon.  The  success 
that  has  attended  its  operation  ranks  it  as 
one  of  the  prominent  developments  of  the 
past  vear. 

B.  M.  E. 
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Some  Developments  in  the  Electrical  Industry 

During  1920 

By  John  Liston 

Publication  Bureau,  General  Electric  Company 

About  two  months  ago  Mr.  Liston  told  us  that  his  annual  story  of  the  year's  developments  in  the  elec- 
trical industry  would  be  very  much  shorter  than  usual  owing  to  the  lack  of  subjects  on  whifh  to  write. 
However,  when  he  had  compiled  the  material  he  was  greatly  surprised  at  the  number  and  variety  of  new 
developments,  and  the  space  censor  was  actually  compelled  to  call  a  halt.  As  usual  this  review  is  full  of 
interest  and  faithfully  indicates  the  activities  of  the  industry  during  the  past  year. — Editor. 

The  outstanding  feature  of  the  electrical  number  of   new   applications  and   combina- 
industry  throughout  a  large  part  of  the  year     "     tions  of  existing  apparatus  and  some  develop- 

was  the  unprecedented  volume  of  production  ments  which  represent  a  distinct  advance  over 

attained,    the    impetus    of    the    reawakened  previous  practice. 

demand  for  electrical  apparatus  which  became  The    higher    potentials    in     transformers 

intensified  in  the  latter  part  of  1919  being  well  actually  installed  and  a  further  advance    of 

maintained  through  the  first  nine  months  of  this   nature   undertaken   in    construction    in 

1920.  progress    at    the    close    of    the    year,    make 

Under  these  conditions  development  work  possible  the  commercial  use  of  higher  voltage 

was  confined  very  largely  to  detailed  improve-  transmission  than  has  heretofore  been  practi- 

ments     in     the    mechanical     and    electrical  cable. 

characteristics  of  standard  apparatus  and  In  marine  work  the  use  of  geared  turbine 
most  of  the  changes  effected  were  along  the  propulsion  was  extended  and  electric  pro- 
lines of  normal   design.     There  were  also  a  pulsion    was    for    the    first    time    practically 

table  i 

New  York  Edison  Co.,  Hell  Gate  Station Two  35,000  kw. 

Philadelphia  Electric,  Delaware  Station Two  30,000  kw. 

Beech  Bottom  Power  Co.,  Windsor  Station Two  30,000  kw. 

Detroit  Edison  Co.,  Marysville  Station Two  30,000  kw 

Boston  Edison  Co.,  Boston,  Mass One  30,000  kw 

Commonwealth  Edison  Co.,  Calumet  Station One  30,1  Mm  kw. 

Cleveland  Electric  Illuminating  Co T\v..  25,000  kw 

Union  Gas  &  Electric  Co.,  West  End  Station Two  25,000  kw 

New   York  Central  Railroad,  Port  Morris  Station One   20,000  kw' 


Fig.  1.      1275-h.p.  Curtis  Turbii 


rd  to  Pumps  for  Municipal  Water  Supply 
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applied   in   a   merchant   ship   and    a   fishing 
trawler. 

As  in  previous  articles  on  this  subject,  the 
electrical  apparatus,  turbines,  etc.,  referred 
to  are  all  products  of  the  General  Electric 
Company,  but  references  to  their  develop- 
ment will  serve  as  an  indication  of  the 
tendencies  in  design  and  construction  as  well 
as  the  general  trend  of  progress  in  the  electri- 
cal manufacturing  industry  as  a  whole. 


similar  to  those  in  successful  operation  in 
large  central  stations. 

A  partial  list  of  the  repeat  orders  received 
for  large  machines  of  this  class  is  given  in 
Table  I. 

The  demand  for  the  intermediate  and 
smaller  sizes  of  turbines  was  greater  than 
in  any  previous  year. 

An  interesting  example  of  the  appli- 
cation    of     turbines     to     mechanical     drive 


Fig.  2.     S.  S.  Sucrosa  of  the  Cuba  Distilling  Company.  5788  Gross  Tons,  Equipped  with  2400-h.p. 
Marine  Geared  Turbine  of  the  Two-plane  Type 


Turbines 

In  the  central  station  field  developments 
were  largely  along  the  lines  of  extending  or 
completing  existing  stations  and,  in  spite  of 
adverse  financial  conditions,  orders  were 
placed  for  a  large  number  of  machines  of 
20,000  kw.,  and  greater  capacity.  These 
machines  are  of  the  single  cylinder  design, 


has  been  made  for  the  City  of  Baltimore. 
On  account  of  the  continuous  duty  of 
large  municipal  pumping  sets,  economy 
is  of  extreme  importance  and  a  1275-h  p. 
turbine  (Fig.  1)  which  was  designed 
for  this  service  has  established  an  unprec- 
edented record  for  economy  and  reli- 
ability. 


TABLE  II 

SERVICE    RECORD    OF    ORIGINAL    TWO-PLANE    TYPE   MARINE   GEARED   TURBINES 

UP   TO   OCTOEER    1,    1920 


SERVICE  OF  ORIGINAL 

SERVICE  OF  ORIGINAL 

HIGH-SPEED  GEARS 

LOW-SPEED  GEARS 

Total  Mileage  to 
October  1.  1920 

Months 

Mileage 

Months 

Mileage 

Pacific 

Dec,  1915 

27 

95,000 

59 

230,000 

230,000 

Eurana 

Jan.,  1916 

47 

163,000 

56 

200,000 

200,000 

Sucrosa 

July,  1916 

28 

120,000 

50 

200,000 

200,000 

Niels  Nielson 

Dec,  1916 

46 

150,000 

46 

150,000 

150,000 

Hanna  Nielson 

Tan.,  1917 

45 

180,000 

45 

180,000 

180,000 

Mielero 

Feb.,  1917 

36 

160,11(111 

36 

160,000 

160,000 
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Fig.  3.     Comparison  of  1914  with  1920  Design  of  Two-plane  Double  Reduc- 
tion Type  Marine  Gears 

Upper  Illustration,  1914  Design 
Lower  Illustration    1920  Design 


Marine  Geared  Turbines 

On  Xovember  1,  1920,  there  were 
291   cargo  ships   (Fig.    2)    in_  service 
which  were  equipped  withG-E  marine 
geared  turbines,  and  during  the  year 
the  General  Electric  Company  com- 
pleted the  orders  which  were  placed 
for  the  emergency  war  fleet.    The  last 
of    the    geared    turbine    units    were 
shipped  in  August  and  a  large  part 
of  them  have  had  their  trial  trips. 
The  turbine  which    is   now   being 
used  for  ship  propulsion  work  is  prac- 
ticallv  a  duplicate  of  the  unit  installed 
on  the  S.  S.Pacific  (see  Table  II),  and 
the  gears  which  are  now  being  man- 
ufactured  are   of   the   same   general 
design  and  arrangement  as  those  of 
the    original    equipments    furnished 
prior  to  the  war  period.     Many  of 
the  improvements   in    details   which 
have  been  worked  out  due  to  the  large 
amount  of  experience    gained    with 
marine    geared    turbines    have    been 
incorporated  in  the  2-plane  type  gear 
which  is  now  being  manufactured. 

The  operating  record  of  the  original 
six  equipments  of  this  type  is  given 
in  Table  II. 

The  high-speed  gear  replacements, 
where  made  on  the  above  vessels,  have 
been  occasioned  by  excessive  wear  on 
one  helix  of  the  high-speed  gear 
caused  by  the  sticking  of  the  low- 
speed  pin  coupling.  Similar  troubles 
are  eliminated  in  the  1920  2-plane 
tvpe  of  gear  by  employing  an  im- 
proved tvpe  of  pin  coupling  with  float- 
ing bushings  forthelow-speed  pinions, 
and  replacing  the  solid  type  of  high- 
speed   pinion    coupling    with    a    pin 


Fig.  4.     S.  S.  Eclipse,  the  First  Electrically  Propelled  Cargo  Ship 
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coupling  of  a  design  similar  to  that  for  the 
low-speed  pinion. 

A  comparison  of  the  original  2-plane  type 
gear  with  that  of  the  1920  design  is  shown  in 
Fig.  3.  Gears  of  this  type  have  been  installed 
during  the  past  year  in  the  S.S.  Gray,  Robin 
Goodfellow,  S.  M.  Spaulding  and  Challenger. 

Electric  Ship  Propulsion 

Assured  by  the  complete  success  attending 
electric  propulsion  as  applied  to  12  years' 
continuous  operation  of  the  Chicago  fire 
boats,  to  S  years'  uninterrupted  operation 
of  the  U.S.  Naval  Collier  Jupiter  and  by 
the  successful  two  years'  operation  of  the 
U.S.S.  New  Mexico  which  wears  the  effi- 
ciency "E"  of  the  Pacific  Fleet,  we  have 
turned  with  complete  confidence  to  equip- 
ping the  merchant  marine  with  electric  ship 
propulsion  machinery. 

Already  merchant  ships  have  been  and  are 
being  fitted  with  electric  ship  propulsion 
machinery,  and  the  first  electrically  propelled 
cargo  ship,  the  S.S.  Eclipse  (Fig.  4)  owned  by 
the  U.S.  Shipping  Board  and  the  first  Ameri- 
can electric  passenger  and  express  ship,  the 
S.S.  Cuba  of  the  Coast  Steamship  Company, 
have  had  very  successful  official  trial  trips. 


sets  for  synchronous  motor  drive  are  to  be 
installed  on  the  latest  U.S.  Coast  Guard 
Cutters. 

The  propulsion  equipments  for  the  Emer- 
gency Fleet  Corporation  consist  of  a  marine 
turbine-generator  set    (Fig.   5)  comprising  a 


mmmr 


3000-h.p.,  3000 


Turbine  Generator  Set,  Looking  Aft 


Two  types  of  electric  ship  propulsion 
machinery  are  available,  the  induction  motor 
and  the  synchronous  motor  drive.  Eleven 
more  sets  for  induction  motor  drive  are  being 
built  now  for  the  Emergency  Fleet  Corpora- 
tion to  be  installed  in  cargo  ships  and  four 


Fig.  6.      3000-h.p.,  100-r.p.m.,  2300-volt  Induction  Motor  for 
Propelling  Cargo  Ship,  Showing  Coupled  End 

3000-h.p.,  3000-r.p.m.  Curtis  steam  turbine 
direct    connected    to  a  3-phase    alternating- 
current   generator  of   2300  volts,   supplying 
power  to  an  induction  motor  of  100 
r.p.m.  which   is   direct   connected  to 
the  propeller  shaft. 

Two  separate  engine-driven  gener- 
ating sets  furnish  the  necessary  exci- 
tation current  for  the  main  generator, 
one  of  these  being  held  in  reserve  as 
a  spare.  The  one  exciter  in  oper- 
ation has  sufficient  capacity  in  addi- 
tion to  the  excitation  work  required 
of  it  to  light  the  ship.  For  operating 
the  motor  in  conjunction  with  the 
turbine  generator  a  control  equipment 
is  installed  consisting  of  a  water 
cooled  resistor  and  a  combined  con- 
trol group  and  control  panel. 

The  motor  (Fig.  6)  is  started, 
stopped  and  reversed  by  means  of  the 
high  and  low  voltage  contactors  of  the 
control  group.  In  starting  from  rest 
this  water  cooled  resistor  is  auto- 
matically inserted  in  the  motor  rotor 
circuit.  When  the  motor  is  nearly 
up  to  speed  the  water  cooled  resistor 
is  short-circuited  by  the  contactors  (Fig.  7) 
of  the  control  group. 

The  electric  equipments  of  the  U.S.  Coast 
Guard  cutters  consist  of  2600-h.p.  turbine 
generator,  a  130-r.p.m.,  2300-volt  synchro- 
nous motor,  acontrolgroup  andpanel.and  two 
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75-kw.  direct  current  turbine  generator  sets 
for  excitation  and  auxiliary  power  purposes. 
The  operation  of  these  sets  is  very  similar  to 
thai  of  the  induction  motor  sets  as  far  as 
switching  and  necessary  operations  by  the 
engineer. 


■        3 


Contactor  Group  and  Control  Panel  for 
Electrically  Propelled  Cargo  Ship 

*The  first  electrically-operated  trawler  was 
put  in  service  early  in  the  year  and  has  been 
in  successful  operation  for  ten  months.     The 
ship  (Fig.  8)  is  equipped  with  Diesel 
engine-electric  drive.     The  control  is 
accomplished  from  either  the  engine 
room  or  pilot  house  and  the  equip- 
ment as  a  whole  has  proved  the  reli- 
ability    and   flexibility    of    this   type 
of  propulsion  machinery. 


U.S.  Navy 

The  decision  of  the  Navy  Depart- 
ment to  water  cool  the  main  propul- 
sion generators  and  motors  for  a  num- 
ber of  the  new  capital  ships  is  very 
important  from  an  engineering  stand- 
point. 

The  cooler  cores  will  be  of  the  fin 
and  tube  type,  similar  to  automobile 
radiators.  Sea  water  will  be  circu- 
lated through  the  coolers  and  the 
ventilating    air    from    the    machines 


will  be  driven  through  the  coolers,  thus 
transferring    the    heat    losses    to    the    sea. 

This  is  a  great  improvement  over  pre- 
vious practice  in  which  the  ventilat- 
ing air  was  forced  through  large  venti- 
lators. 

The  cooler  for  a  given  machine  is  divided 
into  a  number  of  sections  so  that  if  a  leak 
should  develop  in  one  that  section  can  be 
readily  cut  out.  Provision  is  also  made  to 
guard  against  sea  water  getting  into  the 
machines. 

The  machine  losses  to  be  taken  care 
of  vary  from  600  kw.  to  1000  kw.,  depending 
upon  the  capacity  of  the  motor  and  gener- 
ator. 

The  propelling  machinery  for  three  battle- 
ships and  four  battle  cruisers  which  is  now 
under  construction  has  a  greater  aggregate 
capacity  than  that  of  any  single  group  of 
machines  ever  produced  for  this  class  of 
work.  There  are  included  twenty-two  tur- 
bine generators  ranging  in  unit  capacitv  from 
11,000  kw.  to  35,000  kw.  with  a  total  'capac- 
ity of  682,000  kw.  and  forty-four  propelling 
motors  of  the  form-wound  rotor  induction 
type  with  speeds  from  170  r.p.m.  to  320  r.p.m. 
and  individual  ratings  from  7,000  h.p.  to 
22,500  h.p.,  the  aggregate  capacitv  being 
868,000  h.p. 

These  figures  are  impressive  in  that  they 
indicate  the  extent  to  which  electric  pro- 
pulsion has  been  adopted  for  the  largest 
ships  of  our  navy.  In  fact,  this  is  now  the 
accepted  method  of  propulsion  for  all  capital 
ships. 


1920.    General   Electric 


Fig.  8.      The  Mariner,  the  First  Electrically  Propelled  Trawle 
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Electric  Drive  for  Auxiliaries  Aboard  Ships 

The  investigation  to  secure  the  greatest 
economy  in  the  operation  of  ships  has  shown 
that  with  steam  driven  auxiliaries  too  great  a 
percentage  of  the  total  steam  has  been  used 
by  the  auxiliary  apparatus.  To  reduce  this 
loss,  electrical  drive  of  auxiliaries  has  been 
adopted  to  a  greater  extent  than  heretofore. 

A  large  number  of  generators,  motors  and 
control  equipment  adapted  to  the  special 
conditions  of  marine  service  for  winches, 
capstans,  anchor-windlasses,  steering-gears, 
engine-turning  equipments,  air-compressors, 
refrigerating  apparatus  and  various  pumps 
have  been  developed. 

Electric  Railways 

The  most  notable  activities  in  the  electric 
railway  field  during  the  year  were  in  con- 
nection    with     the     safety     car,     automatic 


In  New  Zealand,  a  300-kw.  automatic  sub- 
station equipment  which  was  provided  in 
1919  for  the  Christ  Church  Tramways  was 
put  in  operation,  and  its  success  is  indicated 
by  the  fact  that  two  additional  300-kw. 
automatic  equipments  for  the  same  company 
are  now  under  construction. 

In  the  United  States,  work  on  the  electri- 
fication of  the  steam  railways  was  confined 
to  the  C,  M.  &  St.  Paul  Pacific  Coast 
extension,  which  is  now  operating  entirely 
with  electric  locomotives.  The  five  gearless 
engines  which  handle  the  main  line  passenger 
trains  over  this  section  have  operated  without 
interruption  since  being  put  in  service  in  the 
spring  of  1920. 

The  unqualified  success  of  this  entire 
electrification  has  been  testified  to  by  many 
foreign  commissions  which  visited  the  road 
during  the  vear.     In  almost  everv  case  the 


Locomotive  for  Narrow  Gauge  Railway  in  Burma 


substations  and  steam  railroad  electrifi- 
cation (Figs.  9  to  10).  The  safety  car  has 
become  more  nearly  a  standard  design  and 
large  numbers  are  being  ordered  for  con- 
gested city  service  as  well  as  for  the  lighter 
and  less  frequent  schedules  in  the  smaller 
towns. 

Additional  automatic  control  equipments 
for  railway  substation  service,  ranging  in  size 
up  to  1500  kw.  (Fig.  11),  were  ordered  by 
many  roads  during  the  year.  The  2000-kw. 
motor-generator  set  with  complete  auto- 
matic control  (Fig.  12)  furnished  for  the 
Detroit  River  tunnel  electrification  has 
been  in  successful  operation  for  several 
months.  This  is  at  present  the  largest 
automatically  operated  single  unit  in  rail- 
way service. 

What  is  probably  the  largest  single  order  for 
automatic  substation  equipment  included 
eight  1000-kw.  control  equipments  and  trans- 
formers to  be  installed  in  the  1500-volt  direct- 
current  substations  of  the  Victorian  Railways 
at  Melbourne,  Australia. 


visitors  have  carried  away  the  conviction  that 
high  voltage  direct-current  system  solves  the 
problem  of  railway  electrification. 

The  most  prominent  electrifications  which 
are  now  actually  under  way  are  the  Paulista 
Railway  in  Brazil  (Fig.  1,3;)  and  the  Montreal 
Harbor  Commission  at  Montreal. 

The  Paulista  Railway  equipment  includes 
eight  100-ton  freight  locomotives  (Fig.  14) 
and  four  120-ton  passenger  locomotives 
(Fig.  15)  designed  for  operation  on  a  3000- 
volt  overhead  trolley  with  regenerative  brak- 
ing features  for  the  heavy  grade  service, 
ci  implete  3000-volt  direct-current  substation 
of  4500  kw.  capacity,  overhead  line  material, 
bonds  and  transmission  line  material. 

Power  will  be  purchased  from  the  Sao 
Paulo  Light  and  Power  Company  at  88,000 
volts,  60  cycles,  generated  principally  in  water 
power  plants.  The  initial  contract  includes 
27  miles  of  double  track  as  the  first  step  in  a 
project  covering  over  100  miles  of  road.  This 
road  is  a  trunk  line  using  heavy  equipment 
over  a  5  ft.  3  in.  gauge. 
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Fig.  14.      Outline  of  "Paulista"  Freight  Locomotive 


The  Montreal  Harbor  Commission  during 
the  year  made  considerable  progress  in 
electrifying  the  terminal  trackage  around 
Montreal  harbor.  These  lines  extend  a 
distance  of  about  17  miles  on  both  sides  of 
the  St.  Lawrence  River  and  are  located  at  the 
head  of  ocean  navigation,  and  at  the  foot  of 
inland  navigation  through  the  Great  Lakes. 
There  is  a  total  of  58  miles  of  track  extending 
along  the  water  front  and  connecting  the 
piers.  Connection  to  the  several  steam  rail- 
roads is  also  included. 

The  2400-volt  direct-current  system  was 
selected  for  this  service  after  the  very  success- 
ful demonstration  of  the  Canadian  Northern 
Railway  lines  through  the  Mount  Royal 
tunnel.  The  overhead  equipment  is  very 
similar  to  that  used  by  the  Montreal  tunnel, 
the  working  conductor  being  of  4/0  copper 
wire  suspended  by  loop  hangers  at  the  height 
of  23  feet  above  the  rail.  Wooden  poles  are 
used  from  40  to  65  feet  in  length,  as  con- 
ditions require. 

At  present  two  of  the  83-ton,  2400-volt 
locomotives  originally  built  for  the  Canadian 
Northern  Railway  are  being  used  temporarily 


for  switching  service  on  the  finished  portion 
of  the  line.  A  2400-volt  direct-current  sub- 
station is  under  construction  which  will  con- 
tain three  1000-kw.  motor-generator  sets. 
These  sets  are  being  built  by  the  Canadian 
General  Electric  Co.  Additional  locomotives 
will  be  required  when  electrification  is  ready 
for  full  operation. 

Anotherimportant  project  in  South  America 
is  the  Santa  Catharina  line  in  Brazil,  about 
50  miles  of  which  is  being  equipped  for  1500- 
volt  operation  with  multiple  unit  cars. 

Early  in  1921  the  Hershey  Cuban  Railway 
will  start  operation  over  its  75  miles  of  1200- 
volt  road.  Seven  60-ton  locomotives  (Fig. 
16)  are  now  on  the  ground  for  freight  work 
and  sixteen  motor  cars  for  passenger  service. 
Each  of  the  three  substations  contains  two 
500-kw.  synchronous  converters  connected  in 
series  for  1200  volts.  The  control  is  entirely 
automatic.  A  spare  500-kw.  converter  in  each 
station  can  be  used  in  place  of  either  the  high 
or  low  potential  machine. 

Industrial  Haulage  Locomotives 

Early  in  the  year  a  new  type  of  gathering 
locomotive*  was  produced,  which  combined 


Fig.  15.      Outline  of  "Paulista"  Passenger  Locomotiv 
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Fig.  16.      Hershey  Cuban  Railway  Locomotives  Ready  for  Shipn 


in  a  single  two -motor  unit,  five  dis- 
tinctive features  which  had  success- 
fully withstood  a  long  period  of  severe 
operation  under  varying  service  con- 
ditions. 

The  important  items  in  the  new 
locomotive  (Fig.  17)  were  a  new  type 
of  controller  by  means  of  which  posi- 
tive and  graduated  electric  braking  is 
secured,  the  use  of  outside  frame  con- 
struction, journal  leaf  springs  provided 
with  an  equalizer  bar,  demountable 
tires  for  the  wheels  and  an  improved 
cable  reel. 

The  first  standard  unit  of  the  new 
line  was  placed  in  service  in  May.  1920, 
and  thereafter  the  majority  of  all 
haulage  locomotives  produced  were 
built  along  the  same  lines  in  ratings 
ranging  from  four  to  fifteen  tons. 
(Fig.  18) 


Fig.  18.      13-ton 


New  Type  of  Gathering  Locomotive  Showing  Arrangement  of 
Controller  and  the  Use  of  Journal  Leaf  Springs 

Perhaps  the  most  important  feature 
of  these  new  locomotives  is  the  electric 
braking  system  which  is  provided  on 
all  sizes  up  toand  including  eight  ton^. 

The  new  controller  (Figs.  19  and 
21 '  I  was  designed  with  the  view  of  re- 
lieving the  motorman  of  a  large  part 
of  the  labor  of  braking  and  operates  so 
that  the  locomotive  is  stopped  by  its 
own  momentum.  Thisisaccomplished 
by  providing  on  the  controller 
reverse  cylinder  a  set  of  connections 
that  turn  the  motors  into  self-excited 
generators  and  the  energy  developed 
by  them  is  absorbed  in  the  main  resis- 
tors. The  amount  of  this  energy  and 
consequently  the  degree  of  braking 
effort  is  governed  by  the  main 
cylinder  of  the  controller.  The  more 
resistance  cut  out  of  circuit,  the  more 
quickly  will  the  stop  be  made. 
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The  reverse  cylinder  of  the  controller  is  pro- 
vided with  four  points  (Fig.  21),  two  for 
each  direction  of  motion.  For  the  first  of 
these  points  the  motors  are  connected  in  the 
regular  motoring  position.  When  it  is  de- 
sired to  stop,  the  main  cylinder  is  thrown 
off  in  the  usual  way,  and  the  reverse  cylinder 
is  thrown  to  the  second,  or  breaking  point. 
The  main  cylinder  is  then  turned  on  again 
and  the  motors  (or  generators,  as  they  are 
now)  begin  to  retard  the  locomotive. 

The  degree  of  braking  is  under  the  motor- 
man's  control  at  all  times,  for  if  he  finds  that 
he  is  stopping  too  quickly,  he  merely  has  to 
throw  off  the  main  cylinder  and  permit  the 
locomotive  to  coast. 

In  numerous  tests  it  was  demonstrated 
that,  with  the  trolley  disconnected,  the 
residual  magnetism  of  the  motors,  when 
acting  as  generators,  was  sufficient  to  insure 
the  maximum  braking  effect  with  no  appreci- 
able difference  in  the  time  element  involved 
as  compared  with  the  results  obtained  with 
the  trolley  connected.  This  is  an  impor- 
tant factor  in  estimating  the  all-around 
serviceability  of  electric  braking  for  gathering 
work. 


continue  to  roll,  stop  and  start  again  unless 
the  hand  brakes  are  set.  A  runaway  is,  how- 
ever, impossible  so  long  as  the  train  weight 
and  grade  are  within  the  braking  capacity  of 
the  locomotive. 
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Fig.  19.      Electric  Braking  Controller  for 
Gathering  Locomotive 


On  a  level  track  the  motorman  can  bring 
his  train  to  a  dead  stop  without  using  the 
ordinary  hand  brake  at  all.  He  can  also 
bring  it  to  a  stop  on  a  grade,  but  since  there  is 
no  energy  developed  when  the  wheels  have 
stopped  turning,  the  locomotive  will  start  and 


Fig.  21.      Top  of  Electric  Braking  Controller 
Showing  Control  Levers 

Two  40-ton  storage  battery  locomotives 
(Fig.  22)  were  constructed  for  general  indus- 
trial and  switching  service.  They  are  double 
truck  units  each  provided  with  four  battery 
type  motors  for  200-volt  operation  by  means 
of  950  ampere  hour  battery.  These  loco- 
motives are  the  largest  units  of 
their  type  so  far  constructed 
and  are  equipped  with  com- 
bined straight  and  automatic 
air  brake  and  are  arranged  for 
multiple  unit  control.  They 
have  a  draw  bar  pull  of  16,0001b. 
and,  at  twenty  per  cent  tractive 
effort,  have  a  speed  of  about 
five  miles  per  hour  with  a  run- 
ning light  speed  up  to  fifteen 
miles  per  hour. 

These  two  locomotives  can 
be  coupled  together  (Fig.  23) 
to  form  a  single  80-ton  unit 
which  can  be  controlled  in  the 
same  way  as  either  locomotive 
separately. 

Alternating-current  Machines 

Some  of  the  large  units  re- 
ferred to  in  last  year's  article  as 
being  under  construction  were 
completed  and  installed  early 
in  the  year.  Among  these  is 
the  30,000-kv-a.,  600-r.p.m.,  6600-volt  syn- 
chronous condenser  which  is  now  oper- 
ating in  the  Eagle  Rock  substation  of  the 
Southern  California  system,  and  which 
still  represents  the  maximum  capacity  for 
machines    of    this    type.      The  special  con- 


rangement  of  Restricted 
s  on  Electric  Braking 
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struction  of  the  rotating  element  has  been 
fully  justified  by  entirely  successful  opera- 
tion for  nearly  a  year.  The  rotor  with  a 
weight  nf  about  170,000  lb.  is  built  up  of 
laminated    tee!  disks  instead  of  the  usual  cast 


i  Storage  Battery  Locomoti' 


spider  in  order  to  withstand  the  exceptional 
es  imposed  by  its  operation  at  (500  r.p.m. 

The  12,500-kv-a.,  22,000-volt  synchronous 
condenser  was  completed  for  the  Andhra 
Valley  Power  Supply  Company  of  Bombay, 
India.  This  machine  still  represents  the 
maximum  voltage  for  synchronous  con- 
densers. 

The  32,500-kv-a.  vertical  shaft  waterwheel 
generator  at  Niagara  Falls  has  been  in 
successful  operation  for  nearly  a  year.  This 
machine  when  completed  was  the  largest 
waterwheel  generator  ever  constructed,  but 
it  is  interesting  to  note  that  there  is  at 
present  under  construction  a  vertical  shaft 
machine  with  a  rating  of  40.0(10  kv-a.,  1  L.OO0 
volts  for  operation  at  a  speed  of  138H  r.p.m. 
This   will    represent    the    largest    rating    for 


vertical   shaft   waterwheel   generators  in   the 
United  States. 

Two  horizontal  shaft  waterwheel  generators 
ot    greater    capacity    than    any    previously 

ini'  ted  were  completed  during  the  year 

for  the  Great  Western  Power 
Company.  They  are  rated 
at  22,223  kv-a.,  11,000  volts, 
:i  phase,  00  cycle  and  operate 
at  171  r.p.m. 

Another  large  horizontal 
shaft  machine  for  operation 
at  exceptionally  high  speed 
was  completed  and  tested. 
This  generator  is  entirely 
enclosed,  is  rated  18.750  kv-a., 
6600  volts  and  will  operate 
at  600  r.p.m. 

In  vertical  shaft  water- 
wheel generators,  the  capacity 
on  high  speed  units  was  car- 
ried forward  bv  a  25,000- 
kv-a.,  11,000-volt,  42s-r.p.m. 
unit  under  construction  for 
the  Southern  California 
Edison  Company. 

Three  horizontal  shaft 
waterwheel  generators  of  un- 
usual mechanical  design  were 
constructed  for  operation 
under  conditions  where  they 
would  beliabletoanoverspeed 
of  from  SO  to  100  per  cent  in 
case  the  electrical  load  was 
suddenly  removed  and  the 
governing  mechanism  failed 
to  function.  These  machines 
are  rated  at  7.000  kv-a., 
14.(  M 10  volts  and  opera  teat  750 
r.p.m.,  and  due  to  the  small 
diameter  of  the  rotor  and  the  high  peripheral 
speed  of  the  poles,  a  unique  method  of  pole 
construction  (Fig.  24)  was  adopted  to  insure 
the  safety  of  the  machine  even  under  100  per 
cent  overspeed. 

The  rotor  body  and  poles  consist  of  a  series 
of  steel  plates  machined  to  shape;  each  plate 
is  slotted  across  the  pole  face  at  right  angles 
to  the  shaft  axis  to  receive  the  pole  tip.  which 
is  a  separate  steel  bar  machined  to  the  shape 
of  a  pole  tip  as  shown  at  A  in  Fig.  24.  After 
machining  and  drilling  the  individual  plates, 
they  were  bolted  together  in  two  sections  and 
these  sections  were  again  bolted  together  with 
through-bolts,  the  whole  forming  the  revolv- 
ing field  without  coils.  The  rotor  complete 
was  then  shrunk  onto  the  shaft,  the  shrink  fit 
being  required  so  that  there,  would  be  a  tight 


i  80-ton  Unit 
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fit  between  rotor  and  shaft  at  the  runaway 
speed  of  the  rotor. 

Synchronous  Motors 

A  new  line  of  slow  speed  synchronous 
motors  was  developed,  primarily  for  driving 
air  or  ammonia  compressors.  These  motors 
have  proved  to  be  both  mechanically  and 
electrically  superior  to  any  type  of  motor 
previously  constructed  for  this  service. 

Through  a  simplification  of  design  and  a 
standardization  of  parts,  it  is  possible  to 
secure  with  four  different  frames  eighty 
standard  motor  ratings  and  to  minimize  the 
quantity  and  cost  of  repair  parts  as  well  as  the 
cost  of  production.  These  motors  range  from 
150  h.p.  to  000  h.p.  in  capacity  and  operate  at 
speeds  of  from  150  to  300  r.p.m.  An  unusual 
feature  of  their  construction  (Fig.  25)  is  the 
method  of  supporting  the  brush  rigging. 

In  general  there  was  an  increasing  demand 
during  the  year  for  synchronous  motors  for 
various  industrial  applications  such  as  pumps, 
ammonia  and  air  compressors,  pulp  grinders, 
Jordan  engines,  cement  mills,  flour  mills  and 
rubber  mills. 

Weather  Proof  Dry  Dock  Motors 

Heretofore  motors  and  their  control  equip- 
ment used  for  dry  dock  operation  have  been 
housed  in  to  protect  them  from  the  effects  of 
the  variable  and  severe  weather  conditions 
normallv  encountered  in  this  service. 


A  weather  proof  outdoor  type  of  motor  was 
especially  designed  to  meet  dry  dock  require- 
ments and  during  1920  seventy  units  were 
completed    and    a    considerable    number    of 


Rotor  Assembly  of  7000-kv-; 
i.,  14,000-volt  Alternator 


Fig.    25.       170-kv-a..    2300-volt    Synchronous    Motor,    Showing 
Special  Method  of  Holding  Brush  Rigging 

them  were  installed  on  dry  docks  and  operated 
with  entire  success  without  any  external  pro- 
tection from  the  weather. 

These  motors  (Fig.  26)  are  rated  at  75  h.p., 
440  volts,  514  r.p.m.,  3  phase,  60  cycles  and  are 
of  the  vertical  shaft  type  with  the  thrust 
bearing  located  at  the  top  of  the  motor  frame. 
They  are  totally  enclosed,  self-ventilated  and 
are  direct-coupled  to  centrifugal  pumps  used 
for  unwatering  and  sinking  the  dry  docks. 

Electrically  these  units  have  standard 
induction  motor  characteristics  but  they  have 
special  moisture  proof  insulation  and  a 
unique,  umbrella-shaped  upper  bearing  hous- 
ing which  insures  protection  from  the  elements 
and  at  the  same  time  permits  of  adequate 
ventilation. 

The  ventilating  fan  is  located  in  the  lower 
part  of  the  frame  and  the  air  is  drawn  in  under 
the  umbrella-shaped  top  and  expelled  through 
the  openings  near  the  base  which  is  bolted 
to  the  dry  dock  deck.  The  motors  can  be 
run  at  full  load  for  l}4,  hours  without  a  dis- 
tinctive rise  in  temperature. 

Individual  automatic  control  is  provided 
and  these  equipments  are  installed  in  a 
weather  proof  steel  cabinet  located  near  the 
motor.  These  controllers  are  of  the  com- 
pensator type  and  give  instantaneous  phase 
failure   protection,    hand-reset,    inverse   time 
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element  overload  protection,  non-reversing, 
and  provide  for  remote  control  from  a  station 
located  al  a  distance  of  not  more  than  500  ft. 


Fig.  26...  75-h. p.,  440-volt  Vertical  Shaft    Induction   Motor 
Umbrella-shaped  Bearing  Housing  for  Outdoor 
Operation  on  Dry  Dock 


Direct-current  Machines 

A  complete  new  line  of  4-pole  compound- 
wound,  commutating  pole,  direct-current 
motors  (Fig.  27)  were  brought  out  in  capac- 
ities ranging  from  2  to  L5  h.p.  for  operation 
on  230  and  550-volt  circuits. 

These  motors  were  designed  primarily  for 
the  operation  of  reciprocating  mine  pumps 
and,  as  this  service  frequently  gives  very 
severe  operating  conditions,  the  motors  are 
so  proportioned  as  to  give  an  unusual  amount 
of  mechanical  strength  for  units  of  their 
capacity.  The  field  coils  are  heavily  insulated 
with  tape  and  varnish  and  the  armature  coils 
are  form-wound  for  maximum  resistance  to 
injury  from  vibration.  No  fans  are  provided 
but  the  coils  are  so  shaped  as  to  induce  ample 
natural  ventilation.  Waste-packed  bearings 
are  used  for  both  ends  of  the  machine  and  the 
general  design  has  been  so  standardized  that 
only  three  sizes  of  bearing  linings  are  required 
for  the  seven  different  frames  which  give 
twenty-two  motor  ratings. 

A  large  number  of  these  motors  have  been 
operating  mine  pumps  for  nearly  a  year  in 
locations  where  they  were  subjected  to 
moisture,  coal  dust  and  acid  fumes  and  have 
given  very  satisfactory  service. 


Oil  Wells 

The  demand  for  oil  well  motors  continued  to 
increase  in  both  old  and  new  oil  fields,  but  the 
power  companies  were  unable  during  most 
of  the  year  to  supply  ample  power  lor  this 
purpose. 

Electric  drilling  has  been  adopted  exten- 
sively in  both  Kansas  and  Southern  Cali- 
fornia. In  Los  Angeles  County,  the  deepest 
electrically  drilled  oil  well  in  the  world  I  Pig 
28)  was  completed  in  June  at  a  depth  of  4500 
feet,  this  being  the  "Anita  A"  well  of  the 
Shell  Company  of  California. 

The  work  of  drilling  this  well  was  handled 
by  a  standard  75-h. p.  oil  well  drilling  motor 
equipment  (Fig.  29)  at  an  estimated  saving 
of  over  $14,000  as  compared  with  steam 
power. 

Another  development  of  the  year  in 
Southern  California  oil  fields  was  the  appli- 
cation of  motor  drive  to  deep  drilling  by  the 
rotary  method.  This  has  progressed  to  a 
stage  which  gives  every  indicatinn  of  its 
complete  success. 


7.     3-h.p.,   1250-r.p.m.,  550-volt  Compound-wound 
Motor  Designed  for  Mine  Pump  Operation 


Steel  Mills 

A  new  high  record  in  the  adoption  of 
electric  drive  of  steel  mill  main  rolls  was 
made.  Orders  covering  over  106,000  horse- 
power (continuous  rated)  were  placed  and  of 
this  total  29,400  h.p.  was  made  up  of  adjust- 
able speed  alternating-current  motors  equip- 
ped with  regulating  sets.  This  increase  brings 
the  total  of  G-E  main  roll  drives  to  approxi- 
mately 515,000  h.p.  of  which  90,000  h.p.  are 
adjustable-speed  induction  motors  with 
Scherbius  control. 
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The  activity  in  sheet  and  tin  mills  was 
especially  noticeable  and  19  motors,  totalling 
22,650  h.p.  to  drive  mills  of  this  type,  are  now 
under  construction. 


The  "Anita  A"  Well  of  the  Shell  Compar 
Drilled  by  Standard  75-h.p.  Oil  Well  Drilling 
Motor  Equipment 

The  new  14-in.  hot  strip  mill  which  is  being 
installed  by  the  Trumbull  Steel  Company, 
Warren,  Ohio,  will  consist  of  ten  stands,  all 
driven    by    adjustable-speed    direct-current 


TABLE   III 

Stand 

Horse  Power 
(continuous) 

Speed  R.P.M. 

1,  2,  3,  4 

5,  6 

8 
9 
10 

1250 
1250 
800 
800 
800 
800 

175  to  350 
175  to  350 
200  to  400 
231  to  462 

256  to  512 

275  to  550 

motors,  receiving  power  from  two  2200-kw. 
synchronous  motor-generators. 

The  arrangement  of  the  mill  with  respect 
to  the  drives  is  shown  in  Table  III. 

The  control  requirements  for  this  mill  are 
most  exacting.  The  several  stands  of  the 
mill  are  located  close  together  and  the  steel 
is  rolled  at  an  unusually  high  speed,  making  it 
necessary  to  provide  for  very  close  adjust- 
ment of  the  speeds  and  for  maintaining  these 
speeds  with  wide  fluctuations  in  load  to 
prevent  the  development  of  loops  or  stretch- 
ing of  the  steel  between  the  stands. 

The  Illinois  Steel  Company  is  also  install- 
ing two  hot  strip  mills  which  will  be  driven 
entirely  by  alternating-current  adjustable 
speed  motors  with  Scherbius  speed  control. 
Each  mill  will  be  made  up  of  two  high  stands, 
the  20-in.  mill  comprising  10  stands  and  the 
12-in.  mill  12  stands.  The  equipment  driving 
these  mills  is  listed  in  Table  IV. 

The  equipments  for  three  reversing  mills 
for  rolling  copper  are  being  built  for  the 
American  Brass  Company.  Each  mill  is 
driven  by  a  350-h.p.,  275/470-r.p.m.  revers- 
ing type  direct-current  motor,  the  power  for 
which  is  supplied  from  300-kw.  synchronous 
motor-generators . 

Among  the  large  equipments  purchased  for 
foreign  shipment,  that  for  the  United  Steel 
Company,  Sheffield,  England,  is  especially 
worthy  of  mention.  This  equipment  includes 
three  adjustable-speed  induction  motors  with 
Scherbius  speed  control: 


12-in.  Merchant 
12-in.  Merchant 
12-in.  Hoop 


H.P.(continuous)      Speed  R.P.M. 


3000 

2500  1670 

1500   SI  15 


470/280 
240  150 

325  17;, 


For  the  Tin  Plate  Company  of  India,  three 
1000-h.p.,  300-r.p.m.  induction  motors  for 
driving  tin  mills  and  one  750-h.p.,  500-r.p.m. 
motor  for  driving  cold  mills. 

For  the  Tata  Iron  &  Steel  Company, 
Sakchi,  India,  a  d-c.  reversing  type  motor  for 
driving    a    combination    rail    and    structural 


TABLE 

IV 

Mill 

Stands 

Horse  Power  (continuous) 

Speed  R.P.M. 

20  in. 

1  to  9  inclusive 

5500/3400 

170/105 

20  in. 

10 

2070/1205 

235/137 

12  in. 

1,  2,  3,  4,  5,  6,  7 

8,  9,  10 

2750/1750 

262/167 

12  in 

5 

300/165 

333/187 

12  in. 

11 

750/460 

360/220 

12  in. 

12 

750/440 

473/278 
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mill.  The  equipment  consists  of  a  double 
unit  motor  I  Fig.  30)  rate]  6300  h.p.  at  so 
r.p.m.,  with  control  Erom  60  to  120  r.p.m. 
Speed  control  from  no  to  80  r.p.m.  is  effected 
by  control  of  the  generator  fields  and  control 
from  NO  to  120  r.p.m.  l>v  control  of  the  motor 

fields. 


Fig.  29.    75-h.p.,  720-r.p.m.,  440-volt  Induction  1 
Operating  Oil  Well  Drilling  Equipment 


Power  for  this  reversing  motor  unit  is 
supplied  from  a  flywheel  motor-generator  set 
consisting  of  a  6500-h.p.,  375-r.p.m.  induction 
motor,  two  2500-kw.,  375-r.p.m.  generators 
and  one  50-ton  flywheel.  This  equipment  is 
normally  operated  non-reversing,  but  the 
motor  may  be  quickly  stopped  or  reversed 
if  necessary. 

Mining 

The  activity  in  mining  was  not  quite  up  to 
that  of  some  former  years,  but  a  number  of 
interesting  large  equipments  and  an  unusually 
large  number  of  small  hoist  motors  from  100 
to  250  horse  power  were  installed  or  under 
construction  at  the  close  of  the  year.  Among 
these  were  97  units,  totalling  27,150  h.p.,  of 
which  59  units  totalling  8900  h.p.  were  in  the 
smaller  capacities. 

The  McKinney  Steel  Company's  hoist  at 
Bessemer,  Mich.  (Fig.  31),  was  put  into 
commission  and  has  given  a  good  account 
of  itself.  This  is  the  largest  direct-current 
iron  ore  hoist  in  the  United  States.  The 
drums  are  cylindrical  and  are  driven  by  a 
1650-h.p.,  80-r.p.m  direct -connected  motor. 
In  addition  to  the  main  hoist  there  is  a  man 


and  material  hoist  driven  by  400-h.p.  induc- 
tion motor.  In  order  to  reduce  the  com- 
bined hoist  peak  loads  the  current  for  the 
man  and  material  hoist  motor  is  taken 
through  the  slip  regulator  motor,  thus  taking 
advantage  of  the  flywheel  of  the  motor- 
generator  (Fig.  32)  supplying  the  main 
hoist  motor  to  smooth  out  the 
peaks  of  the  small  hoist. 

An  1800-h.p.,  360-r.p.m.  in- 
duction hoist  motor  for  No. 
0  Muscoda  slope  for  the 
Tennessee  Coal,  Iron  &  Rail- 
road Company  is  being  built. 
This  motor  will  be  a  duplicate 
of  the  one  now  in  operation 
at  the  No.  4  Muscoda  slope 
and  will  hoist  26,880  lb.  of 
ore  per  trip  from  a  maximum 
distance  of  6000  ft.  along  the 
slope  at  an  average  inclination 
of  21  degrees  from  the  hor- 
izontal, which  corresponds  to 
approximately  290  short  tons 
per  hour.  The  hoist  differs 
from  the  one  at  No.  4  slope 
in  that  it  has  a  double  drum, 
hoisting  being  done  in  balance, 
while  at  the  No.  4  slope  hoist- 
ing is  done  out  of  balance. 
The  Miami  Copper  Company 
will  install  a  1400-h.p.,325-r.p.m.Ugner  Ward 
Leonard  hoist  equipment  to  drive  a  double  cy- 
lindrical drum  having  a  capacity  of  20,000  lb. 
of  ore  per  trip,  hoisting  in  balance,  fromamax- 
imum  vertical  depth  of  1065  ft.  This  corre- 
sponds to  approximately  530  tons  of  ore  per 
hour. 

Two  large  hoists  are  under  construction 
for  foreign  shipment,  both  of  which  are  of  the 
Ilgner  Ward  Leonard  type.  One  of  these 
equipments  will  be  installed  at  a  Belgian 
mine  and  the  other  in  the  Orient.  The 
Belgian  hoist  is  of  the  Koep  pulley  type, 
approximately  20  ft.  in  diameter  and  will 
be  driven  by  a  1150  h.p.  direct-connected 
motor  running  at  approximately  32  r.p.m. 
i:  1.200  lb.  of  ore  will  be  hoisted  per  trip  from 
a  maximum  vertical  depth  of  2950  ft.,  which 
corresponds  to  200  short  tons  per  hour. 

The  Furukawa  equipment  is  a  double 
conical-drum  second  motion  hoist,  driven  by 
a  1150  h.p.,  350-r.p.m.  direct-current  motor. 
This  equipment  operates  in  balance  and  is 
capable  of  hoisting  13,440  lb.  per  trip  from 
a  maximum  vertical  depth  of  1300  ft.,  which 
corresponds  to  approximately  450  short  tons 
per  hour. 
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Electric  Logging 

A  unique  installation  which  will  undoubt- 
edly have  a  considerable  influence  on  the 
future  (>t  the  lumbering  industry  consists  of  a 
combined  outfit  of  electrically-operated  yarder 
ami  leader  hoists  (Fig.  33)  which  was  placed 
in  service  in  August,  1920,  by  the  Snoqualmic 
Falls  Lumber  Company  of  Snoqualmic, 
Wash.  This  outfit  has  been  in  successful 
operation  from  the  tune  it  was  installed  and 
electrical  apparatus  for  a  number  of  similar 
equipment ;  is  now  under  construction. 

The  yarder  is  operated  by  a  200-h.p., 
600-r.p.m.,  3-phase,  60-cycle.  550-volt  motor 
of  special  construction  designed  particularly 


operator  throws  tin-  controller  to  full  running 
i"  i  ition. 

Control  of  the  primary  circuit  is  effected 
by  means  of  contactors,  with  a  drum  con- 
troller connected  in  the  secondary  circuit,  and 
the  electrical  equipment  includes  a  solenoid 
brake  and  overload  relay. 

The  motor  is  gear-connected  to  the  hoist 
which  serves  an  area  within  a  radius  of  from 
600  to  Mill  ft.  The  main  haulage  cable  is 
1200  ft.  in  length  and  the  average  rope  speed 
is  about  400  ft.  per  minute  with  a  maximum 
pull  of  about  72,000  lb. 

The  loader,  which  lifts  the  logs  brought 
in  by  the  yarder  and  deposits  them  on  the 


Fig.  34.      Use  of  Tree  Trunk  for  Handling  the  Yarder  and  Ho 
ing  Cables  for  Hauling  in  Logs  and  Loading 
Them  on  Railroad  Cars 


Arrangement    of    Outdoor    Transformer    Equipment, 
Showing  Method  of  Mounting  on  Sled  and 
Location  Near  Railroad  Track 


for  the  very  high  torque  which  is  «ssential  in 
yarder  service,  this  particular  unit  being 
warranted  to  give  400  per  cent  of  normal 
operating  torque  momentarily. 

The  motor,  which  has  a  greater  capacity 
than  any  machine  used  previously  for  this 
service,  is  of  the  slip  ring,  form-wound  induc- 
i  ype  provided  with  weather-proof  coils 
and  is  self-ventilated  by  means  of  a  fan  located 
ontherotor.  Permanent  resistance  is  mounted 
in  the  secondary  circuit  of  the  motor 
c  smooth  acceleration  and  maximum 
starting  torque,  regardless  of  how  rapidly  the 


railway  cars,  is  a  duplex  outfit  with  two 
hoists  each  gear-driven  by  a  75-h.p.  slip  ring 
motor  with  drum  control  through  contactors 
and  an  overload  relay.  These  hoists  are  not 
provided  with  mechanical  brakes  but  each 
has  two  electrical  brakes,  one  being  the  stand- 
ard solenoid  type,  and  the  other  a  solenoid 
load  brake  which  has  inherent  graduated 
braking  characteristics.  The  reason  for  this 
double  brake  equipment  is  to  secure  low  and 
fully  controlled  lowering  speeds  when  placing 
the  heavy  logs  on  the  cars.  Both  the  yarder 
and    loader   cables  are  run  through  sheaves 
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which    are    installed   on   a    heavy    spar   tree 
(Fig.  34)  located  near  the  railroad  track. 

Current  is  supplied  to  the  motors  from  a 
steam  turbine  generating  station,  located  at  a 
sawmill  about  five  miles  from  the  present 
operating    area,    over    a    13,200-volt    trans- 


Fig.  36.     Coal  Loading  Machii 


!  Showing  Arrangement  of  Gathering  A 
e  Gathering  Conveyor  Belt 


Fig.  37.      Coal  Loading  Machine  Showing  Installation  of  Motor 
Travel  of  Coal  from  Face  to  Mine  Car 

mission  line  to  step-down  transformers  which 
transmit  current  directly  to  the  motors  at 
600  volts  through  a  flexible  three-conductor 
cable.  The  yardcr  and  loader  outfit  and  the 
transformers  are  mounted  on  gigantic  timber 
sleds  (Figs.  33  and  35)  which  can  be  slid  onto 
railroad  cars  for  transportation. 

At  present  there  are  under  construction 
seven  300-h.p.  motors  with  magnetic  control 
for  yarders  and  ten  75-h.p.  motors  for  loaders, 
which  indicates  that  the  initial  installation 
during  its  six  months'  operation  has  success- 


fully   met    the   requirements   of   the   special 
service  for  which  it  was  designed. 

Coal  Loaders 

In  view  of  the  high  cost  of  labor  in  coal 
mines,  an  unusual  amount  of  attention  has 
been  given  to  the  development 
of  coal  loading  machines  and 
some  very  efficient  types  have 
been  produced  which  can  pro- 
pel themselves  to  various 
locations  in  the  mines  or  on 
the  surface  to  meet  changing 
demands  for  their  service. 
These  are  of  two  general 
types,  one  of  which  requires 
rails  for  its  transit,  the  other 
being  equipped  with  cater- 
pillar tread. 

Ten  coal  loaders  of  the 
type  shown  in  Figs.  36  and 
37  are  equipped  with  five 
motors  each.  These  loaders 
were  constructed  by  the  Joy 
Machinery  Company  for  the 
Pittsburgh  Coal  Company  and 
their  operation  is  briefly  as 
follows : 

The  intake  portion  of  the 
machine  is  brought  close  to 
the  face  of  the  coal  seam  and, 
as  the  coal  is  shot  down,  it 
falls  on  to  the  first  conveying 
belt.  It  is  assisted  in  reaching 
the  belt  by  mechanical  arms 
or  hands  (Fig.  36)  which  are 
located  on  rotating  disks  on 
either  side  of  the  foot  of  the 
conveyor.  The  conveyor  de- 
posits the  coal  into  a  hopper 
through  which  it  passes  to 
a  second  conveyor  belt  which 
carries  it  to  the  mine  car 
(Fig.  37).  During  the  inter- 
val between  removing  loaded 
cars  and  bringing  up  empty 
ones,  the  delivery  conveyor  belt  is  stopped 
and  the  coal  from  the  first  conveyor  ac- 
cumulates in  the  hopper.  The  motors  on 
the  truck  of  the  machine  are  used  for  pro- 
pelling the  entire  machine  by  means  of 
traction  wheels  running  on  the  mine  tracks; 
two  5-h.p.,  SOO-r.p.m.  motors  series  wound 
for  parallel  operation  being  used.  The 
service  reauired  of  these  motors  also  in- 
volves holding  the  machine  against  the 
working  face  which  necessitates  a  certain 
amount  of  jogging  and  plugging. 


i  Center  and  Complete 
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Fig.  38.     Coal  T 


at  Bottom  of  Telescopic  Chute.  Showing 
Location  of  Operator's  Cage 


varying  load  conditions.  The  motors  must 
also  be  insulated  to  resist  moisture  and  the 
effect  of  fumes,  and  protected  against  me- 
chanical injury  from  heavy  dust  accumula- 
te in. 

All  these  conditions  have  been  successfully 
met  in  the  design  of  the  motors  already 
adopted  for  this  sen-ice  and,  in  some  of  the 
later  types  of  loaders  of  small  capacity'  and 
equipped  with  caterpillar  tractor,  all  opera- 
tions have  been  carried  on  with  only  a  2-motor 
equipment. 

The  service  of  these  useful  machines  need 
not  be  limited  to  non-gaseous  mines  as  they 
can,  if  necessary,  be  equipped  with  explosion- 
proof  motors. 

Coal  Trimmers 

The  coal  loading  pier  of  the  Baltimore  & 
Ohio  Railroad  Company,  at  Curtis  Bay,  Md., 
was  improved  by  the  addition  of  four  electri- 
cally-operated trimming  machines.  This 
pier  is  used  for  loading  coal  in  wholesale 
quantities  into  ocean-going  vessels.  A  10.000- 
ton  boat  is  sometimes  fully  loaded  in  eight  to 
ten  hours. 

Previous  to  the  installation  of  these  trim- 
ming machines,  coal  was  piled  by  belt  con- 
veyors into  the  open  hatches  of  the  boats, 
and  the  cargo  spaces  which  were  not  directly 
under  the  hatch  were  filled  by  laborers  who 
drew  the  coal  away  from  the  hatch  opening 
with  hand  shovels. 

The  trimming  machine  consists  of  a  flexi- 
ble   and    easily    controlled    telescopic    chute 


The  motors  which  serve  the  hopper  drive 
the  conveyor  which  delivers  the  coal  to  the 
mine  cars;  two  5-h.p.,  SOO-r.p.m.  compound 
wound  motors  being  used  for  non-reversing 
service  with  occasional  start  and  stop. 

A  motor  is  also  located  at  the 
top  of  the  machine  and  actuates 
the  swing  motion  of  the  gathering 
conveyor  or  swing  motion  of  the 
hopper  by  means  of  a  clutch.  Both 
swings  are  not  operated  simultane- 
ously and  neither  is  operated  while 
gathering.  The  principal  duty  is  to 
gather  and  convey  the  coal  to  the 
hopper. 

The  conveyor  belt  and  gathering 
arms  constitute  a  single  motor  drive. 
utilizing  one  12  h.p..  compound 
wound,  special  motor,  700  900  r.p.m. 

In  designing  these  motors  it 
was  necessary  to  keep  in  mind 
the  space  limitations  which  are 
of  necessity  involved  in  the  con- 
struction of  a  machine  which  must 
operate  within  the  restricted  limits 
of  mine  drifts  and,  at  the  same  time, 
provide  ample  power  for  the  efficient         Fig  39    Coal  Trimmer  Being  Lowered  Into  Hold  of  Coal  Boat  Showing 

Operation      Of      the      machine      Under  Method  of  Depositing  Coal  from  Highspeed  Belt  Conveyor 
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which  can  be  hung  on  the  ram,  on  which  the 
main  belt  carries  coal.  At  the  bottom  of  this 
chute  is  a  rotating  mechanism  (Fig.  38)  which 
carries  a  power-driven  conveyor.  Coal  passes 
down  through  the  chute,  strikes  the  rapidly 
moving  belt  conveyor,  and  is  thrown  in  any 
desired  direction  (Fig.  39)  from  the  open 
hatch  into  the  cargo  spaces  of  the  boat.  A 
trimmer  will  handle  coal  at  the  rate  of  100 
tons  per  hour,  and  will  throw  it  a  maximum 
distance  of  50  ft.  which  is  considerably  in 
excess  of  the  working  requirements. 

The  saying  in  labor  effected  by  this  de- 
vice may  be  illustrated  by  a  specific  instance 
in  which  a  boat  was  loaded  with  9569  tons  of 
coal  in  9  hours  and  33  minutes  with  two 
machines  in  service.  If  hand  trimming  had 
been  used  the  labor  of  200  men  for  25  hours 
would  have  been  required  to  complete  the 
loading.  In  other  words,  one  hour's  operation 
of  a  trimmer  is  equivalent  to  263  hours'  labor 
of  a  man,  and  very  arduous,  uncomfortable 
labor  at  that. 

The  trimmer  is  carried  from  its  berth  to 
the  end  of  the  ram,  raised,  lowered,  and 
carried  in  and  out  under  the  control  of  an 
operator  on  the  end  of  the  ram.  The  direction 
of  the  speed  of  the  stream  of  coal  is  controlled 
by  an  operator  located  with  the  trimmer  in  the 
hold  of  the  boat.  All  operations  are  remotely 
controlled  by  electric  motors  and  magnetic 
controllers. 

Hoists 

An  improved  type  of  overhead  monorail 
electric  hoist  (Fig.  40)  was  produced,  with  a 


capacity  and  the  use  of  special  alloy  steels  in 
some  of  the  parts  where  the  greatest  strength 
is  required. 

The  driving  gear  wheels  of  the  trucks  are 
fully  protected  and  those  on  the  hoist  run  in 
oil.     Special  attention  has  been  paid  to  the 


Fig.  40.      Two-ton  Overhead  Monorail  Sprague  Electric  Hoist 


electrical  wiring  and  all  exposed  surface 
switches  have  been  removed  and  overload 
and  no-voltage  protection  provided  by  mag- 
netic contactors  mounted  under  the  operator's 
seat.  Starting  and  speed  control  is  manual 
with  a  large  number  of  steps,  but  the  dis- 
connecting of  the  circuits  for  inspection  or 
repairs  is  accomplished  by  a  protected  type 
snap  switch.  The  operating  resistance  is  set 
in  a  ventilated  frame  in  front  of  the  cab.    This 


Testing  Automobile  Tires  by  Means  of  Dynamometer  Equipment  i 
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normal  rating  of  two  tons,  in  which  it  has  been 
found  possible  to  increase  the  capacity  to  five 
tons  by  using  four  ropes  in  the  same  machine. 
This  is  accomplished  by  increasing  the  motor 


frame  can  be  opened  for  the  immediate 
removal  of  resistance  units  in  case  of  accident 
or  burn-out,  so  that  there  may  be  the  shortest 
possible  interruption  of  service. 
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An  important  feature  of  this  hoist  is  the 
low  center  of  gravity  of  the  motor-driven 
truck,  which  improves  the  riding  qualities 
when  negotiating  curves  and  switches.  The 
width  of  the  truck  at  any  part  at  right  angles 
to  the  runway  is  small,  enabling  the  hoist  to  go 


Fig.  42.       Electrode  Control  Panels  for  Arc  Furnace 

through  narrow  switches.  The  rigid  wheel 
base  is  short  and  the  trucks  are  swiveled  for 
negotiating  small  curves,  yet  both  hoist  and 
cage  are  suspended  from  a  short  frame,  so 
that  the  overall  length  is  reduced  to  the  mini- 
mum consistent  with  the  work  to  be  per- 
formed. 

Dynamometers 

The  dynamometer  test  of  automobile  tires 
(Fig.  41)  is  now  coming  to  be  regarded  as  the 
correct  method  of  establishing  standards  of 
performance,  and  this  test,  rather  than  the 
mechanical  test,  will  in  all  probability  be 
generally   adopted   throughout   the   country. 

The  purpose  of  this  test,  in  which  two 
electric  cradle  dynamometers  are  used,  is  to 
determine  the  horse-power  loss  in  the  tires 
under  known  conditions  of  pressure,  speed, 
and  i  lower  transmitted.  One  of  the  dynamom- 
eters acts  as  a  motor,  carrying  the  tire  on  its 
shaft  while  the  other  acts  as  a  generator, 
carrying  the  drum  on  its  shaft.    The  pressure 


between  the  tire  and  the  drum  is  obtained 
by  mounting  the  motor  clement  on  a  ball- 
bearing base  in  reduce  the  friction  to  a  mini- 
mum and  lateral  pressure  is  effected  by 
means  of  weights  and  Levei 

The  power  transmitted  is  altered  by  vary- 
ing the  strength  of  the  current  of  the  generator 
element,  which  is  absorbed  in  an  external 
resistor  and  the  slippage  is  taken  by  revolu- 
tion counters.  Horse-power  input  and  output 
are  measured  with  great  accuracy  from  the 
torque  on  the  dynamometer  scales  and  the 
peed  ■  if  revolution. 

The  losses  measured  are  those  arising  from 
the  internal  friction  between  the  parts  of  the 
tire  themselves.  As  is  well  known,  these 
losses  are  much  less  in  cord  tires  than  in  fabric 
tires. 

Sets  similar  to  the  tire-testing  set  have 
been  constructed  for  testyig  belts.  Hereto- 
fore there  has  been  very  little  accurate 
research  work  done  on  the  capacity  and  losses 
of  the  different  types  of  belting.  With  these 
sets  an  accurate  measure  can  be  made  of  the 
power  at  which  slipping  occurs;  the  mechani- 
cal efficiency  of  the  belt  under  varying  con- 
ditions of  speed,  tension  and  power  trans- 
mitted; the  best  ratio  of  belt  tension  for  given 
power  transmittal  purposes;  and  the  relation- 
ship of  belt  characteristics,  method  of  manu- 
facture, method  of  tanning,  etc.,  to  the  load 
per  inch  and  to  the  belt  efficiency. 


Dynamometers  for  the  testing  of  centrif- 
ugal pumps  have  been  built  for  operation  on 
both  alternating  and  direct-current  circuits, 
and  for  very  wide  ranges  of  speed.  They  form 
a  means  of  measuring  the  power  required  to 
drive  centrifugal  pumps  under  all  speeds  and 
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conditions  with  much  greater  accuracy  than 
is  possible  with  the  ordinary  induction  or 
direct-current    motor    tests. 

It  is  very  much  in  accord  with  the  spirit 
of  the  times  that  power  measurements  of  this 
kind  should  be  made  with  a  high  degree  of 


Fig.  44.      Compensating  Type  Electric  Fu 


for  Annealing  Steel  W 


accuracy,  as  the  matter  of  mechanical  and 
hydraulic  efficiency  of  such  machinery,  while 
always  important,  is  more  important  today 
than  ever.  An  extremely  high-speed  testing 
set  of  this  character  is  now  being  constructed 
to  be  employed  in  testing  pumps  which  will 
have  to  meet  the  very  stringent  requirement 
of  the  United  States  Navy. 

Electric  Furnaces 

The  developments  in  electric  furnace  equip- 
ments were  principally  along  the  line  of 
largely  increased  use — the  result  of  their 
effect  on  manufacturing  processes  in  improv- 
ing the  product  and  in  conserving  natural 
fuels  because  of  the  economy  of  electric 
heating 

The  increase  in  the  number  of  electric 
furnace  regulators  (Fig.  42)  placed  in  opera- 
tion during  1921)  over  all  previous  instal- 
lations was  about  25  per  cent,  a  figure  that 
clearly  indicates  the  steadily  increasing  con- 
fidence in  this  type  of  furnace  when  we  con- 
sider present  industrial  conditions. 

After  many  years  of  varying  success  the 
induction  furnace  (Fig.  43)  has  found  a  field 
where  it  is  unassailable.  For  the  melting  of 
large  quantities  of  the  same  kind  of  brass 
day  after  day,  a  better  average  product  with 
less  discomfort  to  the  workmen,  lower  loss 
of    volatile    metals    and    great    economy    in 


power  consumption,  the  induction  furnace  has 
proved  itself  to  be  without  an  equal. 

Another  item  of  engineering  and  com- 
mercial interest  is  the  great  possibilities 
indicated  for  the  super-refining  of  all  kinds  of 
steel,  especially  the  higher  grades. 

One  of  the  most  interesting  electri- 
cal equipments  was  that  for  an  elec- 
tric iron  smelting  and  finishing  plant 
to  be  installed  in  Brazil. 

Owing  to  the  scarcity  of  suitable 
fuel  and  the  comparatively  low  cost 
of  electric  power  electricity  will  be 
used  not  only  for  furnishing  power, 
but  also  for  smelting  and  refining  the 
steel.  That  is,  the  iron  ore  will  be 
reduced  in  electric  smelting  furnaces, 
the  pig  iron  produced  from  these 
furnaces  will  be  converted  into  steel 
in  electric  steel  furnaces,  and  this 
steel  will  be  rolled  into  structural 
and  other  shapes  by  electrically 
driven  rolling  mills. 

It  is  of  interest  to  note  that  the 
power  input  to    these  smelting  fur- 
naces will  be  controlled  by  the  com- 
bination  of  a  transformer  with  taps, 
an     induction     regulator,     and      a     special 
motor  operated  tap  changing  switch. 

This  installation  will  constitute  the  first 
commercial  electric  iron  smelting  plant  on  the 
South  American  continent,  and  is  undoubt- 
edly the  forerunner  of  future  similar  develop- 
ments. 

Industrial  Heating 

A  number  of  new  applications  of  existing 
types  of  heating  units  were  made.  All  of  these 
were  for  the  heating  of  industrial  ovens,  and 
can  be  divided  into  two  general  classes,  the 
first  covering  low  temperature  work  up  to  900 
deg.  F.,  the  second,  high  temperature  work 
from  1000  to  1800  deg.  F. 

An  interesting  application  of  the  first  class 
consists  of  the  baking  of  cork  tile  which  is 
carried  on  in  an  oven  of  standard  construction 
equipped  with  standard  electric  oven  heating 
units.  The  ground  cork  is  moulded  into  slabs 
under  great  pressure  and  the  closed  moulds 
are  then  passed  through  a  conveyor  type 
electrically  heated  oven  about  70  ft.  in  length; 
the  current  requirements  being  about  2S0  kw. 

Another  application  utilizes  a  temperature 
of  300  deg.  F.  for  baking  furnace  lining,  the 
finished  product  being  used  for  lining  in 
electric  furnaces  of  the  induction  type. 

The  first  continuous  type  electrically- 
heated  air  tempering  oven  was  also  put  in 
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service.  This  is  a  conveyor  type  for  temper- 
ing  the  races  of  ball  bearings,  the  oven  being 
divided  into  two  compartments,  one  directly 
above  the  other  and  the  work  being  carried  in 
through  the  lower  compartment,  back  to  the 
upper  compartment  and  out.  The  temper- 
ature range  is  from  2.">0  to  300  deg.  F. 

In  the  high  temperature  field,  electric  heat- 
ing was  applied  to  the  baking  of  vitreous  or 
porcelain  enamel  which  requires  a  heat  of 
about  1600  deg.  F. 

This  particular  furnace  is  divided  into 
two  parts,  one  a  preheating  chamber  and 
the  other  a  high  temperature  chamber, 
each  being  4  ft.  in  length.  The  first  is  main- 
tained at  a  temperature  of  about  600  deg.  F. 
and  the  second  at  1600  deg.  F.  This  class 
of  work  was  formerly  carried  on  by  means  of 
oil  fired  furnaces,  but  the  electric  heating 
shows  not  only  a  somewhat  lower  operating 
cost  but  the  uniform  and  positive  temperature 
control  has  resulted  in  practically  no  re- 
jections, whereas  with  the  old  method  of 
heating,  these  rejections  often  ran  as  high  as 
20  per  cent. 

Electric  heating  was  applied  for  steel  wire 
annealing,  a  compensating  type  of  furnace 
(Fig.  44)  being  utilized  for  this  work.  The 
furnace  is   divided   into   two   chambers,   the 


chamber  and  another  car  is  taken  from  the 
preheating  chamber  and  run  into  the  heating 
chamber.  This  is  in  turn  replaced  by  a  car 
of  cold  wire  in  the  preheating  chamber  so 
that  the  heat  given  off  by  the  load  just 
removed    from    the   heating  chamber  is  ab- 


Fig.  45.      Testing  New  Type  of  Resistor  for  Arc  Welder  by  Spraying  ! 
It  is  Operating  at  Maximum  Temperature 


heating  and  the  cooling  chamber  and  along 
side  of  the  latter  is  a  compartment  which  acts 
as  a  preheating  chamber.  When  the  wire  has 
annealed  in  the  heating  chamber  to  the 
required  temperature  of  about  L500  deg.  F. 
the    car    is    run    forward    into    the    cooling 


Fig.  46.      Portable  Arc  Welder  Resistor  Unit  with 
Control  Panel 

sorbed  by  the  cold  load.  This  compensating 
feature  is  one  of  considerable  importance  from 
the  standpoint  of  economy,  especially  if  the 
oven  is  operated  continuously  for  long  periods. 
The  annealing  of  brass  in  the  form  of  rolled 
strips,  drawn  tubing,  etc.,  has  in  the  past  been 
carried  on  largely  in  wood  fired  furnaces,  or  oil 
fired  furnaces  using  a  high  grade  of  oil,  the 
cheaper  fuels  not  being  suit- 
able on  account  of  the  presence 
of  sulphur  in  considerable 
quantities,  which  acts  on  the 
brass  and  tends  to  make  it 
brittle.  Wood  for  fuel  pur- 
poses, of  course,  is  expensive 
as  are  the  high  grades  of  oil. 
During  the  year  a  brass 
manufacturer  installed  an 
electrically  heated  annealing 
furnace  of  themetallic  resistor 
type,  and  while  definite 
ating  data  arc  not  yet  avail- 
able, it  is  confidently  believed 
that  a  superior  product  will 
be  obtained  with  a  probable 
reduction  in  operating  i 

Arc  Welding 

with  Water  when  A    ,UW    tVPC    (lt'   ^ght    Weight 

arc  welding  resistor  was  de- 
veloped    for     operation     on 
electric  railway  trolley  circuits. 

The  resistor  (Fig    1 5    is  primarily  intended 

for  rail  bond  welding  and  track  repairs  on 
electric  railway  systems,  where  it  is  neces- 
sary to  move  the  welder  by  hand.  This  is 
particularly    true    of    interurban    roads    and 
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some  sections  of  street  railways  where  the 
line  happens  to  lie  through  sections  away  from 
the  road. 

It  is  designed  to  deliver  current  from  50  to 
200  amperes,  in  steps  of  approximately  15 
amperes.  The  connections  are  such  that  by 
means  of  a  contactor  mounted  on  the  panel, 
and  a  push  button  operated  by  the  welders' 
foot,  the  electrode  holder  may  be  made 
absolutely  dead,  thus  making  it  safe  to  change 
the  electrode.  Since  the  operator  holds  the 
push  button  closed,  in  case  of  accidental 
shock  he  can  clear  himself  by  releasing  the 
push  button. 

In  order  to  obtain  low  weight,  the  resistor 
(Fig.  46)  is  designed  to  operate  at  a  fairly 
high  temperature  which  will  vary  somewhat 
depending  upon  the  conditions  of  ventilation. 
The  resistance  material  is  nichrome  and  is 
unaffected  by  any  temperature  at  which  the 
resistor  may  operate.  The  insulation  is  a  new 
material  which  is  mechanically  and  electrically 
of  a  very  high  grade. 

As  a  practical  test,  one  of  these  resistors 
was  short  circuited  for  about  five  minutes 
allowing  the  parts  to  reach  about  the  maxi- 
mum temperature.  Cold  water  was  then 
sprayed  on  it  without  causing  the  least 
mechanical  damage  or  electrical  leakage. 

The  self-regulating  arc  welding  generator 
introduced  during  1919  is  now  being  used  in 
rapidly  increasing  numbers  due  to  its  in- 
herently valuable  characteristics ;  the  increase 
during  1920  over  the  previous  year  being 
nearly  400  per  cent. 

The  automatic  arc  welding  equipment, 
which  tends  to  eliminate  the  human  element 
as  far  as  the  quality  of  the  product  is  con- 
cerned, was  introduced  late  in  1919  so  that 
only  a  few  equipments  were  installed  in  that 
year.  During  1920,  however,  approximately 
sixty  equipments  of  this  type  were  placed  in 
service  and,  as  its  possibilities  become  more 
widely  known,  it  will  very  probably  be  used  to 
a  much  greater  extent. 

Research  Laboratory 

In  X-ray  work,  a  new  current  regulator  for 
the  filaments  of  Coolidge  tubes  was  developed. 
This  device,  called  a  "stablizer,"  is  of  great 
assistance  in  securing  uniform  results  when 
the  tube  is  operated  from  a  current  source  of 
unstable  voltage. 

In  radio  work  the  development  of  vacuum 
tubes  in  the  direction  of  high  power  was  con- 
tinued, and  the  output  obtainable  from  a  single 
tube  has  been  increased  many  fold. 

A  new  detector  tube  was  produced,  which  is 


not  only  very  sensitive  but  is  also  very  uni- 
form and  stable. 

Development  of  the  possibilities  of  tubes 
other  than  the  pliotron  was  continued  and  the 
dynatron,  pliodynatron,  and  magnetron  were 
each   improved   and    are    now   available   for 


Fig.  47.      165.000-volt.  Water-cooled,  Outdoor  Transformer 

applications  to  which  their  peculiar  char- 
acteristics adapt  them.  A  modified  tungsten 
filament  with  high  thor  a  content  was  success- 
fully introduced  with  the  result  of  reducing 
the  filament  excitation  and  greatly  prolong- 
ing the  tube  life. 

The  self-lubricating  bearing  material, 
"Genelite,"  was  extensively  tried  out  during 
the  year  and  is  now  being  used  in  certain 
parts  of  automobiles. 

A  new  process  for  producing  a  high  chrome 
alloy  on  the  surface  of  steel  was  devised  and 
worked  on  a  laboratory  scale.  Chromized  steel 
resists  both  rust  and  oxidation  at  high  tem- 
perature. 

Transformers 

For  a  number  of  years'the  maximum  volt- 
age for  commercial  transmission  remained 
stationary  at  150,000  volts,  to  which  point  it 
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was  carried  by  the  big  Creek  system  of  the 
Southern   California   Edison   Company,   but 
during   L920  the  potential  was  increa  • 
165,000  volts  by  means  of  transformers  com- 
pleted  and    installed,   and   there  were  under 


Fig    48.      Standard  Transformer  Tank  Showing  Arrangement 
of  Jack  Boss  and  Drain  Valves 

construction  at  the  close  of  the  year  units  for 
operation  on  a  220,000-volt  line. 

Seven  transformers  rated  at  7500  kv-a., 
L65.000Y  11.00(1  volts.  60  cycles  were  com- 
pleted for  the  Great  Western  Power  Com- 
pany for  use  on  a  new  transmission  system 
in  conjunction  with  an  existing  100,000-volt 
system.  These  transformers  (Fig.  17)  are  of 
the  familiar  core  type  construction  with  con- 
centric high  and  low  voltage  windings  and  are 
connected  in  Y  although  designed  for  isolated 
service.  They  represent  the  maximum  volt- 
age for  commercial  transformers  in  actual 
service. 

Four  transformers  rated  at  8333  kv-a.. 
220.000Y  11.000  volts  were  under  construc- 
tion for  the  Southern  California  Edison 
Company. 

These  transformersaredesigned  for  grounded 
Y  service  and  are  equipped  with  only  one 
high  voltage  bushing,  the  other  end  of  the 
winding  being  permanently  grounded  to  the 
tank  to  form  the  grounded  neutral.  The 
completion  of  these  transformers  will  permit 
the  practical  operation  for  the  first  time  of  a 
220,000   volt  transmission  line. 

A  duplicate  of  the  largest  transformer  ever 
built  in  the  United  States  was  completed. 
It  is  rated  at  2.3.000  kv-a..  24,000  1200  volts 
and  has  an  effective  output  of  50,000  kv-a.. 
and  like  the  original  unit,  it  was  produced  for 


the  Edison  Illuminating  Company  of  Detroit 
for  operation  in  connection  with  a  45. 000 
kw.  steam  turbine  generator.  The  building 
of  a  duplicate  transformer  of  this  great  size 
is  a  sufficient  indication  of  the  successful 
operation  of  the  original  unit  which  in  actual 
service  exceeded  its  high  guaranteed  effi- 
ciency. 

Activities  in  European  water-power  devel- 
opments and  the  consolidation  of  existing 
systems  there  into  larger  and  more  efficient 
systems  resulted  in  a  demand  for  a  con- 
siderable number  of  large  transformers. 

Xotable  among  the  consolidations  effected 
is  that  of  the  Union  Francaise  which  combines 
into  a  single  system  all  of  the  previous  isolated 
power  systems  in  Paris  to  supply  power  in 
bulk  to  "the  existing  distribution  lines  from  a 
single   large   power   station. 

For  this  service  an  initial  installation  of 
six  15.000-kv-a..  66,000  6,000-volt,  50-cycle 
single-phase  transformers  was  supplied  and 
at  present  they  are  the  largest  units  of  this 
type  in  Europe.  For  the  equipment  of  the 
substations  on  this  system,  twelve  3125  kv-a., 
60,000-volt     transformers     are     being     con- 


Fig.  49.      5600-kv-a..  13,800  6600-volt  Air  Blast  Transformer 

structed.     All  of  the  above  transformers  are 
of  the  water-cooled  type. 

Twelve  forced  oil-coo  ed  transformers  rated 
at  6250  kv-a.,  132.000  volts  are  under  con- 
struction for  a  transmission  system  in  Spain. 
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Among  some  of  the  detailed  improvements 
in  transformers  are  a  new  method  of  winding 
the  cooling  coils,  and  a  new  type  of  stuffing 
box  outlet.  These  changes  have  resulted  in 
the  cooling  coil  (Fig.  48)  being  practically 
self-draining,  and  the  stuffing  box  outlet  is 
constructed  so  that  fittings  on  the  ends  of  the 
coils  do  not  have  to  be  sprung  into  place 
when  installing  the  cooling  coil  in  the  tank; 
furthermore  the  construction  of  the  stuffing 
box  is  such  that  a  leak  in  the  pipe  joint  from 
cooling  coil  to  external  piping  can  not  result 
in  water  getting  into  the  oil  in  the  trans- 
former. 

Among  the  large  air  blast  transformers 
produced  were  five  4550-kv-a.,  10,900  Y/210- 
volt  units  for  use  with  synchronous  con- 
verters for  the  3-wire  direct-current  system  of 
the  New  York  Edison  Company.  These  trans- 
formers are  of  high  inherent  reactance  and 
are  used  in  conjunction  with  the  synchronous 
converters  without  the  use  of  synchronous 
boosters  to  obtain  the  necessary  range  in 
direct-current    voltage;    this    voltage    range 


ers  and  these  two  equipments  operating 
on  the  same  system  will  give  an  ex- 
cellent comparative  operating  test  of  the  two 
methods  of  obtaining  direct-current  voltage 
control. 


Fig.   51.       High    Current    Air    Blast    Tr 
Equipped  with  Self-contained  Fa 


Fig.  50.      Typical   Installation 
formers.  Showing  Usi 


of  Large  Oil-cooled  Tr 
of  Oil  Conservators 


being  secured  through  the  compounding  char- 
acteristics of  the  synchronous  converter  in 
conjunction  with  the  transformer  reactance. 

Ten  3-phase,  2o-cyele,  4600-kv-a.  trans- 
formers of  the  same  voltage  rating  were  also 
provided  to  be  used  with  synchronous  boost- 


Round  All-steel  Tr 
with  Deep  Corrug; 


sformer  Tank 


Other  air  blast  transformers  under  con- 
struction included  ten  3-phase  to  2-phase, 
62^-cycle,   5500-kv-a.,    13,200   to  5280-volt 
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units  and  ten  3-phase  62J4-cycle,  5600-kv-a., 
L3.800  to  6600-vol1  units  (Fig.  49). 

The    operating    reports    during    the    year 
demonstrate    the    value    and     the    greatly 

extended  use  of  the  oil  conservator  on  large 
and  high  voltage  transformers.  The  utility 
of  this  feature  (Fig.  50)  is  every  day  becom- 
ing more  definitely  established  by  the 
protection  afforded  from .  condensation  of 
water  in  the  transformer 'oil,  the  elimination 
oi  possible  gas  explosions  due  to  decomposi- 
tion  of   the   oil   and   the  gases  so  produced 


have  capacities  ranging  from  30  to  250  kv-a. 
and  are  suitable  for  operation  on  primary 
circuits  up  to  2300  volts,  60  cycles. 

The  low  voltage  winding  consists  of  solid 
copper  coils  interleaved  with  the  high  volt- 
age coils.  The  ends  of  the  low  voltage  coils 
are  brought  out  in  two  parallel  vertical  rows 
and  a  multiplicity  of  series-parallel  con- 
nections can  be  readily  made  by  means  of 
beat  copper  straps.  The  fan  is  operated 
from  a-c.    or  d-c.   circuits  of  1250  volts  and 


*§ 


I 


Fig.  53.      Outdoor  Transformer  with  Double  C 
ductor  Bushings  Connected  in  Multiple 


Fig.  54.      Radio  Adjusters 


mixing  with  air  at  the  top  of  the  tank,  and  to 
the  practical  elimination  of  sludging  of  the 
oil  due  to  its  oxidation  when  in  contact  with 
air  at  fairly  high  temperatures.  It  is  stand- 
ard practice  now  to  supply  the  oil  con- 
servator with  all  transformers  over  7500  kv-a. 
regardless  of  voltage,  and  all  transformers 
over  S(i, (inn  volts  regardless  of  size.  This 
practice  will  undoubtedly  be  extended  to 
include  smaller  transformers  as  its  advan- 
tages become  more  widely  known. 

A  unique  type  of  high  current  air-blast 
transformer  was  developed  (Fig.  51)  in  which 
the  air  is  supplied  by  a  fan  which  is  made  an 
integral  pari  of  the  transformer.    These  units 


These  transformers  are  suitable  for  all 
requirements  for  high  currents  at  moderate 
and  low  voltages,  such  as  furnaces,  welding 
or  high  current  testing. 

For  large  self-cooled  transformers,  a  trans- 
former tank  made  entirely  of  steel  with  very 
deep  corrugations  (Fig.  52)  was  adopted  in  order 
to  get  a  large  radiating  surface.  The  use  of 
this  tank  results  in  a  lighter  transformer  with 
no  sacrifice  in  mechanical  strength  and  obvi- 
ates the  necessity  of  separate  radiators  on  self- 
cooled  transformers  of  moderate  capacity. 

An  outdoor  transformer  (Fig.  53)  was 
constructed,  designed  for  10,000  amperes. 
This    was    made    possible    by    using    double 
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conductor  outdoor  bushings  in  multiple. 
The  leads  are  brought  out  non-inductively 
through  the  separate  bushings  and  the 
multiple  connection  is  made  outside  the  cover. 
By  this  means  an  absolutely  weather-proof 
construction  is  obtained  and  the  non-inductive 
arrangement  of  the  leads  avoids"  stray  "  losses 
in  the  magnetic  material  in  the  cover. 

In  addition  to  the  considerable  number 
of  large  self-cooled  transformers  completed, 
there  were  under  construction  at  the  close  of 
the  year,  three  units  of  exceptional  capacity 
rated  3  phase,  60  cycles,  10,000  kv-a.,  27,600, 
13,800  volts.'  When  completed,  these  trans- 
formers will  represent  the  largest  capacity  of 
this  type. 

A  practical  and  simply  constructed  device 
(Fig.  54)  for  quickly  changing  regulation  taps 
in  a  transformer  was  produced.  The  change 
is  accomplished  by  a  fractional  turn  of  a 
handle  that  is  easily  accessible  from  a  hand- 
hole  opening  in  the  cover.  The  handle 
operates  a  very  simple  contact-changing 
mechanism  in  the  oil,  and  the  change  is 
positively,  accurately,  and  safely  made. 

The  mechanism  will  withstand  any  volt- 
age transient  or  short-circuit  that  the 
transformer  itself  is  able  to  withstand 
and  prevents  the  operator  from  making  an 
open  circuit  or  short  circuit  in  the  transformer. 

To  eliminate  the  inherent  troubles  due  to 
lamp  burnouts  on  series  Christmas  tree  light- 
ing outfits,  a  well  designed  and  substantially 
built  toy  transformer  was  produced. 

The  transformer  (Fig.  55)  steps  the  voltage 
down  from  110  to  10,  14  and  24  volts. 

When  the  tree  lightsarenot  being  used, either 
of  the  three  ( 10,  14  or  24)  taps  can  be  used  to 
operate  electric  toys  or  for  other  purposes  such 


Fig.  55.      Toy  Transformer 

as   general    ornamental    illumination.       The 
capacity  of  the  transformer  is  90  watts. 

Alternating-current  Network  Protector 

The  advantages  of  ring  and  network  dis- 
tribution in  connection  with  direct-current 
systems  are  well  known.    The  same  important 


advantages,  namely,  continuity  of  service  and 
decreased  cost  of  distribution  system  for 
given  regulation  and  loss,  can  be  realized  in 
alternating-current  network  systems  supplied 
by  transformers  if  the  transformers  are 
equipped  with  the  a-c.  network  protector. 


F  Q  Fuse 


WV  Direction  of  Winding 
— *■  Direction  of  Current 


Load 
Fig.  56.      Connections  of  Netw 


The  protector  is  a  transformer  device  with 
three  sets  of  windings  connected  as  shown 
in  Fig.  50.  Two  of  these  windings  magneti- 
cally oppose  each  other  and  the  third  is 
arranged  so  that  its  magnetic  action  is 
neutralized  by  the  division  of  current,  so  that 
when  operation  is  normal  there  is  practically 
no  magnetization  of  the  protector  core. 

One  winding  A  is  in  series  with  one 
of  the  high  tension  lines  supplying  step- 
down  transformer  T.    The  second  wind- 
ing of  two  parts,  B  and  C,  is  connected 
in  series  with  the  low  tension  lines  feed- 
ing to  the  network  (the  neutral  of  the 
low  tension  winding  of  the  transformer 
T,  if  used,   is  brought  directly  to  the 
neutral  of  the  network).     The  ratio  of 
turns  between  the  two  windings  A  andB-C 
is  such,  and  the  coils  are  so  wound  and 
connected  that  the  core  is  not  magnetized. 
However,  the  low  tension  current  passing 
through  winding  B  and   C  passes  into  the 
middle  point  of  the  parts  D  and  E  of  the  third 
winding.     It  will  be  noticed  that  the  current 
divides  in  passing  through  these  windings  so 
that  the  magnetic  action  of  these  windings  is 
also  neutralized.    The  ends  of  windings  D  and 
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E  are  connected  by  fuses  to  the  low  tension 
network.    There  is  no  e.m.f.  developed  in  the 

windings  l>  and  /•.'.  since  there  is  no  magnetism 

in  the  c<  ire  under  ni  irmal  i  rperating  conditions; 

quently  there  will  be  no  flow  of  current 

through  the  local  circuits  represented  1>\    the 


Fig.  57.      50-kv-a.  Subway  Transformer   Equipped 
with  Network  Protector 


windings  D  and  £  and  the  two  fuses  con- 
necting the  ends  of  these  windings  to  the 
network. 

Xow,  should  a  fault  develop  in  transformer 
T  it  will  draw  a  vers-  heavy  current  from  the 
line  through  fuses  FF'  and  protector  winding 
.4.  At  the  same  time  a  heavy  current  will 
be  fed  back  into  the  transformer  from  the 
network  through  the  windings  B  and  C  of 
the  protector.  This  current  is  reversed  to 
normal  operation  so  that  there  is  no  longer 
magnetic  opposition  between  windings  A 
and  B-C.  The  protector  core  is  immediately 
magnetized  and  a  heavy  current  flows  in  the 
local  circuits  of  the  third  winding  D  and  E 
through  the  fuses.  Even  though  the  high 
voltage  fuses  FF'  are  blown,  this  heavy  cur- 
rent through  the  low  voltage  fuses  continues 
because  of  the  transformer  action  between 
the  windings  B-( '  and  D-E.     In  a  very  short 


time  interval  the  circulating  current  through 
the  fuses  blows  them  and  disconnects  the 
transformer  T  from  the  low  tension  network. 
The  action  of  blowing  the  low  tension  fuses 
takes  place  instantaneously  and  seemingly 
simultaneously  with  the  blowing  of  the 
primary  fuses  FF'. 

The  windings  of  the  protector  are  of  very 
low   resistance    and    consequently   the   i 
on  the  regulation  of  the  circuit  is  negligible. 

The  device  has  been  commercially  developed 
for  50  and  100-kv-a.,  (ill-cycle  subway  trans- 
formers for  standard  voltages  (Fig.  57),  and 
is  made  an  integral  part  of  the  transformer. 

Power  Limiting  Reactors 

In  order  to  prevent  the  building  up  of 
excessive  resonant  voltages  in  systems,  partic- 
ularly where  many  underground  cables  of 
high  capacity  are  used,  special  shunting 
resistors  were  designed  (Fig.  58)  for  use 
with  power  limiting  reactors. 


Current  Limiting  Reactor  Provided  with  Protecti' 
Resistor  in  the  Center 


This  combination  has  the  property  of 
absorbing  the  energy  of  high  frequency 
oscillations  thereby  preventing  their  reaching 
abnormal  and  dangerous  values,  and  at  the 
same  time  offers  a  relatively  high  resistance 
to  the  normal  low  frequency  voltages. 
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High  Voltage  Bushings 

In  the  production  of  the  165,000-volt  trans- 
formers and  the  development  of  the  220,000- 
volt  units  it  was  necessary  to  design  and  con- 
struct bushings  having  physical  dimensions 
and  dielectric  ratings  in  excess  of  any  hitherto 
produced  for  commercial  work . 

The  construction  of  the  first  220,000-yolt 
transformers  and  oil  circuit  breakers  required 
the  manufacture  of  the  first  220,000-volt 
bushings  intended  for  actual  commercial 
service.  These  bushings  (Fig.  60)  have  a  max- 
imum A.I.E.E.  voltage  rating  of  250,000  volts 
at   sea  level:     They  are  of  the  oil-filled  type. 

The  upper  portion  of  the  bushing,  above  the 
cover,  consists  of  two  sections  of  porcelain 
mechanically  bolted  together,  and  the  lower 


Fig.    59.       I 

Porcela 


Dttom     and     Top    Single-piece 
is  for   165,000-volt   Trans- 
former  Bushing 


portion,  below  the  oil,  consists  of  a  single- 
piece  porcelain.  It  has  an  average  flashover 
voltage  of  about  660,000-volts  dry,  and 
445,000  volts  wet  and  receives  a  one  minute 
test  voltage  dry  of  565,000  volts. 

Complete  interchangeability  exists  between 
these  bushings  as  used  on  transformers  and 
on  oil  circuit  breakers. 

In  producing  the  bushings  for  the  105,000- 
volt  transformers  (Fig.  HI)  it  was  necessary 
to  make  for  the  upper  section  of  the  bushing 
above  the  cover,  the  largest  single  piece 
l»  ir<  elain  shell  (Fig.  ."9)  ever  produced  for 
this  class  of  work.  It  is  slightly  greater  than 
five  feet  in  overall  length. 

This  bushing  has  an  average  dry  flashover 
Vi  iltage  of  about  520,000  volts  and  an  average 
wet  flashover  voltage  of  about  305,000  volts. 
Its  maximum  A.I.E.E.  sea  level  rating  is 
175.0110  volts. 


Attention  was  called  a  year  ago  to  the 
standardi 7ation  of  solid  type  bushings  for 
voltages  from  15,000  to  73.000  inclusive, 
which  were  interchangeable  (Fig.  03)  be- 
tween constant  potential  transformers,  light- 
ning arresters,  and  oil  circuit  breakers.  This 
interchangeability  of  the  400-ampere  line  of 
bushings  has  lately  been  extended  to  include 
current  transformers  havingamaximum rating 
•  if  200  amperes,  so  that  these  same  bushings 
are  now  interchangeable  between  constant 
potential  transformers,  lightning  arresters,  oil 
circuit  breakers,  and  current  transformers  of 
this  capacity.  The  maximum  rating  of  these 
bushings  for  constant  potential  transformers 
and  oil  circuit  breakers  is  400  amperes. 

There  have  now  been  standardized  also  two 
companion  lines  of  bushings  for  800  amperes 
and  for  1200  amperes  (Fig.  64)  similar  in 
general  appearance  to  the  400-ampere  bush- 
ings, and  interchangeable  between  constant 
potential  transformers,  lightning  arresters 
and   oil   circuit  breakers. 

A  line  of  triple  conductor  7500-volt  trans- 
former bushings  (Fig.  62)  in  current  ratings 
up  to  2500  amperes  was  developed. 

The  bushings  are  intended  primarily  for 
three-phase  transformers.  They  have  three 
separate  outlets  from  the  single-piece  por- 
celain shell,  and  require  but  one  opening  in 
the  cover  for  bringing  out  the  leads  from  the 
three  phases  of  the  transformer.  These 
bushings,  as  well  as  all  standard  types  of 
solid  bushings  for  power  transformers,  are 
suitable  for  use  with  oil  conservator  tanks 
where  the  bushings  may  be  subjected  to  an 
internal  oil  pressure. 

Switching  Apparatus 

In  general  it  may  be  said  that  the  most 
important  developments  in  switchboards  and 
switching  apparatus  can  be  summarized  as 
follows : 

There  was  increased  standardization  of 
the  apparatus  and  the  manufacturing  methods 
by  which  it  was  produced  with  a  resulting 
interchangeability  of  parts;  switchboards  of 
the  latest  types  either  dead  front,  drawout 
or  truck  type  can  now  be  assembled  to  pre- 
sent a  homogen  ous  appearance. 

Automatic  station  control  equipment  was 
subjected  to  intensive  study,  the  result  of 
which  has  been  the  production  of  various 
standard  devices  to  improve  the  operating 
characteristics  of  these  stations. 

Drawout  panels  (Fig.  65)  were  developed 
for  use  in  connection  with  an  industrial  type 
oil    circuit    breaker    of    ratings    uo    to    300 
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Fig.  63.      Interchangeable,  High-voltage  Bushings  with  Dif- 
ferent   Terminal    Accessories,  Maximum    Rating 
50,000  Volts,  400  Amperes 


Fig.  60.      250,000-volt 
Porcelain  Bushing 


Fig.  61.      Type  of  Bushing  Used 
for  165,000-volt  Transformer 


One-puece  Parcejain 


Meta/Supportt'og  -* 


Fig.   62.         Double     Conductor     Bushing     SimiU 
Construction     to    Triple    Conductor    Units 
Recently   Developed 


Interchangeable    Bushings.       Max 
37,000  volts.  800  amperes 
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amperes  and  3000  volts,  which  are  simple  and 
strong  in  construction  and  have  all  the 
safety  features  of  the  enclosed  truck  type 
panel. 

These  panels  also  provide  a  convenient 
mounting  for  instruments,  meters  and  instru- 
ment transformers  required  for  a  typical 
feeder  panel  installation  of  this  kind  and  are 
particularly  suited  for  industrial  installations 
as  they  are  entirely  safe  and  provide  com- 
plete enclosure  for  all  the  equipment. 

They  can  be  installed  individually  or  in 
groups  with  continuous  bus  bars  mounted 
inside  of  the  housings  and  can  also  be  lined 
up    with    truck    type    switchboard    panels. 


Fig.  65.     Draw  Out 
Capacities  up  to 


3anels  for   Circuit   Breakers  of 
300   Amperes,   3000  Volts 


They  are  made  in  two  forms,  one  for  well 
mounting  where  no  meters  or  potential  trans- 
formers are  required,  and  for  floor  mounting 
where  meters  and  potential  transformers  are 
required  in  addition  to  the  usual  ammeter 
equipment. 

A  new  standard  line  of  panels  was  placed 
in  production  during  the  year  for  the  control 
of  wound  rotor  and  squirrel  cage  induction 
motors.  They  possess  several  innovations 
and  improvements. 

The  panels  are  equipped  with  nearly  all 
sizes  of  standard  unit  types  of  moderate 
interrupting  capacity  oil  circuit  breakers. 
The  starting  breakers  are  placed  side  by  side 
hack  of  the  main  breaker  and  operated  from 


the  front  of  the  panel  (Fig.  (SO)  by  the 
usual  type  of  remote  control  operating 
mechanism. 


Standard  Panel  for  Control  of  500-h.p. 
Three-phase  Induction  Motor 


The  cable  terminals  are  so  located  that  the 
main  cables  can  be  installed  conveniently  and 
run  in  straight  lines  without  interference 
with  panel  parts. 


Fig.    67 


Amperes,  Show 


Type    Panel.    4600  Volts   400 
;  Truck  Partly  Withdrawn 


When  motors  are  used  with  compensators 
without  self-contained  switches  mounted  back 
of  the  panel,  the  connections  between  the 
compensators  and  the  starting  breakers  may 
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Fig.   68.      Safety   Enclosed   Switchboard    Made   up  of  Removable   Truck   Uni1 


be  made  without  undue  leveling  and  without 
crossing  leads. 

The  panels  are  unusually  well  equipped  to 
safeguard  the  motors,  starting  devices  and 
switching  parts  from  damage  due  to  abnormal 
conditions  or  to  carelessness  and  lack  of  train- 
ing on  the  part  of  the  operator. 

The  arrangement  of  the  equipment  back 
of  the  panels  makes  it  a  simple  matter  to 
obtain  complete  enclosure  by  the  use  of  pro- 
tective wire  screens. 

The  application  of  the  truck  type  panel 
(Figs.  67  and  OS)  has  been  extended.  The 
upper   ratings    of   feeder    panels   have    been 


increased  both  in  current  and  voltage. 
Generator  panels,  synchronous  and  induction 
motor  starting  panels,  compensator  panels 
and  low  voltage  lightning  arrester  panels  are 
now  available. 

In  addition  to  this,  considerable  progress  has 
been  made  in  simplifying  the  detailsof  construc- 
tion, increasing  the  ease  of  manipulation 
and  improving  the  method  of  installation. 

There  has  been  continuous  development 
in  circuit  breakers,  especially  the  shock  proof 
variety  (Fig.  69)  resulting  in  the  production 
of  an  adjustable  time  limit  trip  for  breakers 
of  this  type  up  to  2500  amperes. 

I 


Fig.  69.      Inver 


imit   Overload   Air   Circuit   Breaker, 
ck-proof  Type 


Fig.  70.      Solenoid  Operating  Mechanism  for  Oil 
Circuit  Ereakers  Enclosed  in  Waterproof  Case 
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95,000-volt,  400-amp.,  Triple-pole.  Single-thr 
Oil   Circuit   Breaker 


For  somewhat  special  applications  of  three- 
wire  systems,  double  and  triple  pole  breakers 
were  equipped  with  electric  locks  and  undcr- 
voltagedevices.  Alsodouble-pole  breakers  were 
provided  with  aneutral  coil  toopen  the  breaker 
in  the  event  of  too  great  over  balancing. 

A  new  type  of  magnetic  blowout  was  de- 
signed for  use  in  connection  with  direct-current 
air  circuit  breakers  of  1500  volts  and  above. 

This  blowout  has  the  advantage  of  simplic- 
ity in  construction,  ease  of  repair  and  replace- 
ment of  parts,  and  very  effective  action  even 
when  rupturing  currents  below  the  normal 
rating  of  the  breakers. 

This  latter  effect  has  always  been  more  or 
less  difficult  to  obtain  at  high  voltages,  but 
the  new  unit  is  very  effective,  not  only  under 
heavy  load,  but  because  of  the  improved 
design  it  will  also  handle  the  low  currents 
effectively. 

All  solenoid  operated  oil  circuit  breakers, 
whether  for  indoor  or  outdoor  service,  are 
being  equip] >ed  with  a  type  of  solenoid 
recently  developed.  For  outdoor  service 
(Fig.  70)  I  he  solenoid  is  enclosed  in  a  sheet, 
metal  housing. 

In  the  new  solenoid  all  the  operating 
mechanism  is  mounted  on  a  removable  head 
which  is  the  same  for  all  capacities.  The 
solenoid  pot.  that  is,  the  portion  which 
carries  the  armature  and  winding,  is  varied 
to  suit  the  requirements. 

When  more  power  than  can  be  obtained 

with  one  solenoid  is  required,  an  additional 

oid    (withoul    head)    is  mounted   under- 


Fig.  72.      15,000-volt,  400-amp..  Oil  Circuit  Breaker 
for  Outdoor  Pole  Mounting 


neath  the  first  one  so  that  the  top  of  the 
plunger  of  the  lower  solenoid  pushes  against 
the  lower  surface  of  the  armature  of  the 
uppersolenoid  to  increase  theoperating  power. 


Fig.  73.      Arrangement  of  Oil  Circuit  Breaker 
Mounted  in  Solid  Concrete  Cell 
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This  standardization  makes  it  possible  to 
meet  a  great  range  of  operating  conditions 
with  but  few  mechanical  parts,  simply  by 
changing  the  operating  coil  in  the  pot  of  the 
solenoid. 

The  line  of  high  pressure,  high  interrupting 
capacity  oil  circuit  breakers  has  been 
extended  to  include  units  of  220,000  volts. 

The  breakers  for  use  up  to  73,000  volts  are 
arranged  for  mounting  on  the  floor  or  on  a 
framework  high  enough  to  allow  the  lowering 
and  removing  of  the  oil  tanks  with  the 
contacts  open.  For  voltages  of  95,000  and 
above  (Fig.  71)  the  breakers  are  either 
installed  on  the  floor  or  on  steel  girders  which 
rest  on  concrete  foundation  pedestals. 

A  new  oil  circuit  breaker  for  outdoor  pole 
mounting  (Fig.  72)  possesses  several  char- 
acteristics never  before  included  in  a  breaker 
for  this  sen-ice.  It  is  built  in  15,000  volt,  400 
ampere  capacity^.,  only  and  is  manually 
operated. 


Fig.  74.      Disconnected  Switch,  Showing  Use  of  Hewlett 
Suspension   Insulators 

It  is  of  standard  unit  construction  and  the 
blades,  contacts  and  tanks  are  interchange- 
able with  one  of  the  standard  unit  type  oil 
circuit  breakers  of  the  same  capacity. 

The  bushings  are  of  the  same  type  as  those 
used  in  large  outdoor  oil  circuit  breakers  of 


high  interrupting  capacity  and  the  con- 
nections to  the  line  are  made  at  the  upper 
extremity  of  the  bushings  and  not  inside  the 
cover  as  in  the  usual  construction. 

The  breaker  is  tripped  out  automatically 
by  means  of  a  trip  coil  operated  by  bushing 


Fig.  75.       Instantaneous    C 
cuit-closing.    Alternating- 
current,  Under-voltage 
Relay 


Alternating. 
,  under-volt- 
age Relay 


transformers,  an  indicator  tells  whether  the 
switch  is  in  the  open  or  closed  position,  and  a 
bell  alarm  switch  closes  when  the  breaker 
opens. 

The  latest  design  of  disconnecting  switch 
for  mounting  in  a  transmission  line  is  shown 
in  Fig.  71.  The  main  feature  is  the  use  of 
Hewlett  strain  insulators  and  the  method  of 
mounting  which  prevents  the  insulation  from 
breaking  down  even  from  a  crack  in  the  insu- 
lators. This  type  of  switch  is  very  depend- 
able and  a  valuable  addition  to  the  line  of 
outdoor  disconnecting  switches. 

A  new  alternating-current  undervoltage 
relay  has  various  applications  but  is  used 
mainly  in  connection  with  automatic  oil 
circuit  breakers  to  trip  out  the  breakers  in 
the  event  of  cessation  or  predetermined  drop 
of  voltage  of  a  certain  time  duration. 

The  relay  is  self -setting  and  arranged  for 
instantaneous  pick  up,  and  instantaneous 
(Fig.  75)  or  time  limit  (Fig.  76)  closing  of  the 
tripping  contacts. 

Thus  the  apparatus  protected  by  the  relay 
will  not  trip  out  on  momentary  surges  on  an 
undervoltage  which  lasts  for  a  time  less  than 
the  setting  of  the  relay.  The  use  of  a  time 
limit  undervoltage  relay  in  this  way  prevents 
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Fig.  77.      Solenoid  Control  Relay  Provided  with 
Magnetic  Blowout  for  the  Contactors 

the  tripping  of  a  breaker  on  momentary  drops 
in  voltage. 

A  new  type  of  solenoid  control  relay  (Fig. 
77)  was  developed  which  possesses  features 
that  will  make  it  feasible  readily  to  replace 
the  present  types  of  solenoid  control  relay. 

It  can  be  made  either  instantaneous  open- 
ing or  hesitating  in  action  and  has  the  same 
general  appearance  in  either  type.  In  fact 
the  same  frame  is  used. 

The  distinguishing  feature  of  this  relay 
when  compared  with  the  former  types  of 
solenoid  control  relays  is  that  a  cover  is 
placed  over  the  contacts.  There  is  also  pro- 
vided a  magnetic  blowout  for  the  contacts 
which  will  rill  the  need  for  an  enclosed  con- 
tact type  of  solenoid  control  relay — a  thing 
which  has  been  often  called  for  by  users  of 
these  relays. 

A  compensating  relay  has  been  developed 
which  is  capable  of  working  up  to  a  speed  of 
65  words  a  minute  which  is  the  limit  of  speed 
of  hand  sending.  This  relay  is  used  to  put 
more  or  less  resistance  in  the  secondary  of  the 
induct  inn  motor  which  drives  the  generator 
of  the  200-kw.  wireless  set,  depending  upon 
whether  the  Load  is  i  IT  or  on. 

The  main  poinl  of  interest  in  the  relay 
(Fig.  79)  is  thai  the  contacts  are  built  to 
open  from    L50  to  200  amperes  at  approxi- 


Fig.  78.      Self-setting,  Under-voltage  Device  for 
Solenoid-operated  Air  Circuit  Breakers 

mately  250  volts  at  any  speed  up  to  15 
operations  a  second.  The  amount  of  current 
actually  broken  however  will  depend  on  the 
size  of  the  generator  and  the  arrangement 
of   the  circuits. 

The  relays  are  usually  used  in  sets  of  three, 
and  by  means  of  a  motor-driven  blower  an 
air  blast  of  approximately  2  lb.  pressure  is 


Fig.  79.      Compensating    Relay   for    High 
Frequency  Wireless  Generators 
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maintained  constantly  across  the  relay  con- 
tacts to  assist  in  blowing  out  the  arc  very 
quickly  and  thereby  helping  to  prolong  the 
life  of  the  contacts. 

A  self-setting  undcrvoltage  device  (Fig.  78) 
for  use  with  solenoid-operated  air  circuit 
breakers  from  2000  to  6000  amperes  capacity 
was  produced. 

This  device  is  of  the  hinged  arm- 
ature type.  When  the  armature 
falls,  the  breaker  is  tripped  and  the 
opening  of  the  breaker  returns  the 
armature  of  the  undcrvoltage  device 
to  the  closed  position  where  it  is  held 
mechanically  from  the  fact  that  the 
breaker  is  open  and  when  voltage 
is  restored  the  armature  is  then  held 
magnetically  so  that  the  breaker  if 
closed  will  remain  closed,  as  the 
pressure  on  the  line  is  greater  than 
the  tripping  point 

Automatic  station  control  equip- 
ment developments  tended  toward 
standardization  as  the  result  of  the 
experience  gained  in  the  design, 
application,  installation  and  opera- 
tion of  over  100  equipments. 

Standard  equipments  were  de- 
signed to  meet  a  wide  variety  of 
service.  They  are  now  available 
for  synchronous  converters  ( Fig.  80) , 
synchronous  motor-generator  sets,  induction 
motor-generator  sets,  synchronous  condens- 
ers and  small  waterwheel-driven  generators 
and  they  may  be  applied  to  railway,  lighting, 
power,  industrial  and  mining  service. 

Device  developments  for  automatic  stations 
were  principally  in  the  nature  of  perfecting 
existing  designs.  Relays  were  made  more 
reliable  and  now  require  very  much  less 
attention  than  in  the  earlier  stations.  Oil 
circuit  breakers  were  provided  with  an  a-c. 
motor  operated  mechanism  which  has  elim- 
inated many  minor  troubles  experienced  with 
some  of  the  earlier  applications. 

Some  new  devices  were  developed  to  meet 
new  conditions.  One  of  these  is  the  multi-pen 
recorder  which  shows  the  operation  of  all  the 
principal  devicesintheautomaticeontrol  equip- 
ment and  relates  these  to  the  load  fluctuations. 
It  gives  an  automatic  log  of  the  station  in  very 
much  better  form  than  the  log  which  is  found 
in  the  usual  manually-operated  station. 

Automatic  a-c.  and  d-c.  feeder  equipments 
may  now  be  considered  semi-standard,  as  the 
developments  during  1920  were  such  as  to  bring 
them  to  a  stage  of  improvement  where  they 
are  now  applicable  to  many  types  of  service. 


Lighting 

The  number  of  large  incandescent  lamps 
sold  in  the  United  States  during  1920  totaled 
about  231,000,0(19.  Of  this  amount  about 
215,000,000  were  tungsten  filament  lamps 
and  16,000,000  carbon  filament  lamps.  This 
means  that  93  per  cent  of  the  lamps  sold  were 
tungsten  filament  lamps.  Aecordingtothesees- 


Fig.   80.      Autom: 


tic    Railway  Subs 
and   Automatic 


i    Equipped   with   Synch 
rol   Equipment 


timates  (Fig.  81)  the  largelamp  business  of  1920 
represents  an  increase  of  25  per  cent  over  1919. 

Very  few  marked  innovations  in  incan- 
descent electric  lamps  appeared  during  the 
year,  but  there  was  a  great  deal  of  devel- 
opment work  done,  the  results  of  which  were 
largely  evident  as  refinements  in  quality 
rather  than  as  striking  changes  in  design. 

An  immense  amount  of  experimental  work 
was  done  on  the  Mazda  picture  lamp  as  well 
as  on  apparatus  designed  for  use  with  it. 
Hundreds  of  trial  installations  were  made  and 
are  now  being  watched  very  carefully  in  order 
tha't  flaws  in  either  the  lamp  or  the  apparatus 
may  foe  detected  and  remedied.  A  very  impor- 
tant change  was  made  in  the  mechanical 
construction  of  this  lamp  which  results  in  in- 
creased life  and  improved  candle-power 
maintenance  during  life. 

Material  progress  was  achieved  in  the 
standardization  of  voltages  (Fig.  82)  as 
information  available  indicates  that  79 
per  cent  of  incandescent  lamps  sold  in  1910 
willbeused  on  either  110,1 15or  120  volts  as  com- 
pared with  45  per  cent  of  lamps  used  on  those 
voltages  in  1913.  Inasmuch  as  practically 
all  central  stations,  electrical  manufacturers 
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and  dealers  are  in  favor  of  the  standardization 
of  circuit  voltages,  it  is  to  he  hoped  that 
rapid  progress  will  be  made  this  year  and  that 
this  problem  will  be  given  serious  consider- 
ation by  all  those  interested  until  standard- 
ization of  110,  1 15  and  120  volts  will  be  com- 
ted. 
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Fig.   81.     Number  of  Incandescent  Lamps  Sold  in  the  United 
States — Excluding  Miniature  Lamps 


The  production  of  tubular  Mazda  stereopti- 
con  lamps  to  replace  round  bulb  lamps  was  ac- 
complished and  apparently  these  lamps  will  be 
largely  made  in  the  tubular  bulb  form  in 
the  future. 

A  new  shape  bulb  (Fig.  83)  was  put  in 
production  for  Christmas  tree  lamps.  The 
coloring  matter  is  of  a  new  type,  trans- 
lucent rather  than  transparent,  rendering 
the  location  of  the  filament  invisible.  The 
efficiency  of  the  lamp  was  also  increased 
somewhat,  giving  the  light  more  snap  and 
sparkle. 

The  high  cost  of  labor  caused  the  railroads 
to  take  up  actively  the  electrification  of  their 
present  lighting  signals  and  the  oil  flame  in 


the  signalling  lantern  has  to  a  considerable 
extent  been  replaced  by  a  miniature  lamp. 
Where  power  is  available,  10-volt  lamps  are 
usually  supplied  through  transform' 
the  lines  where  power  is  not  available,  3J4- 
volt  lamps  are  operated  either  from  storage 
1  latteries  or  more  generally  by  primary  bat- 
teries. By  an  ingenious  arrangement,  the 
lamps  are  operated  only  when  a  train  is 
approaching. 

The  cost  of  maintenance  of  the  electric 
signal  (Fig.  84)  is  less  than  one  fifth  of  the  cost 
of  an  oil  signal  per  year  and  has  proved  to  be 
more  reliable  and  gives  a  more  brilliantly  col- 
ored signal.  It  seems  probable  that  the  old 
style  oil  flame  signal  will  soon  be  a  thing  of 
the  past. 

A  closer  filament  concentration  in  Mazda  C 
automobile  headlight  lamps  is  now  being 
obtained  which  permits  a  more  accurate 
focusing  and  produces  a  better  distribution 
of  light  in  the  beam. 

During  the  last  six  months  of  l!>2d  much 
work  was  done  in  studying  automobile  volt- 
age conditions  in  actual  sen-ice.  Thesi 
were  carried  on  with  many  makes  of  cars,  both 
old  and  new,  and  as  a  result  of  this  investiga- 
tion some  changes  will  be  made  in  the  voltage 
i  if  various  automobile  lamps,  resulting  in  in- 
creased efficiency  and  higher  brilliancy. 


100 

■d70 

J  50 

c 
u 

O  40 

u 
1) 

^  30 
20 
10 

1913  1920 

Fig.  82.      Comparison  of  Demand  for  110,  115  and 
120-volt  lamps  in  1913  and  1920 

The  number  of  lamps  on  the  standard 
schedule  has  been  materially  reduced  and 
soon  a  few  lamps  will  cover  the  general  auto- 
mobile lighting  field  with  the  elimination  of 
main-  specialties  now  in  service. 
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Due  to  the  war  a  powerful  impetus  was 
given  to  surgical  and  dental  instrument 
lighting  and  the  demand  for  miniature  lamps 
for  this  class  of  service  is  constantly  increas- 
ing. 

A  new  type  of  flashlight  (Fig.  85)  appeared 
on  the  market  consisting  of  a  set  of  permanent 
magnets  rotated  by  a  chain  and  ratchet  past 
some  coils  of  wire.  Electric  current  is  thus 
generated  without  the  necessity  of  a  battery 
and  outside  of  the  possibility  of  lamp  failure 
it  is  always  ready  for  use. 

With  the  advent  of  the  foot-candle  meter 
illumination  measurement  at  once  progressed 


and  a  blue  screen  introduced  which  makes  the 
light  blend  in  color  more  nearly  with  that  of 
the  Mazda  C  lamp. 

Since  the  war  there  has  been  a  remarkable 
stiffening  in  the  demand  for  quantity  and 
diffusion  of  illumination  in  various  artificial 
lighting  applications.  Intensities  that  would 
have  seemed  extravagant  a  few  years  ago  are 
being  found  economically  advantageous  in 
1920.  Likewise  more  effort  is  being  expended 
to  eliminate  glare. 

In  their  effort  to  minimize  the  brilliancy  of 
the  light  source  and  thus  improve  the  illumi- 
nation from  Mazda  C  lamps  in  open  reflectors 


Fig.  84.      An  Oil  Lantern  in  which  the  Oil 

Lamp  Has  Been  Replaced  by  a  Mazda 

Lamp  for  Railway  Signal  Service 


Fig.  83.     New  Miniat 

Lamp  for  Christm 

Tree  Lighting 


Fig.   85.      A   Mechanical   Flashlight   which  Does  Not 
Require  a  Battery 


from  an  expert  operation  to  one  which  can  be 
made  with  reasonable  accuracy  by  a  layman. 
Industrialists  as  well  as  merchants,  state 
departmental  inspectors  and  others  are  now 
beginning  to  prescribe  their  own  lighting  in 
terms  of  foot-candles. 

About  four  thousand  of  these  instruments 
have  been  sold  in  the  last  two  years  and  several 
hundred  a  month  are  now  being  put  out. 
The  general  knowledge  of  illumination  quan- 
tity on  the  part  of  light  users  is  certain  to 
result  in  a  betterment  of  lighting  practice  in 
accordance  with  individual  needs. 

To  meet  the  demand  for  measurement  of 
higher  intensities,  the  range  of  the  foot- 
candle  meter  has  been  raised  to  an  upper 
limit  of  forty  in  place  of  twenty-five  foot- 
candles.  At  the  same  time  more  leeway  has 
been  allowed  for  the  voltage  depreciation  of 
the  dry  battery  supplying  the  standard  lamp. 
A  reflector  has  been  placed  behind  the  lamp 


the  lamp  manufacturers  have  standardized 
bowl  enameled  lamps  in  which  the  lower 
half  of  the  lamp  bulb  is  coated  with 
mineral  material  of  rather  higher  diffus- 
ing quality  than  the  frosting  previously 
provided. 

A  considerable  amount  of  faulty  illumina- 
tion is  due  to  improper  attention  to  cleaning. 
A  very  thin  layer  of  dirt  on  lamps  and  reflect- 
ing equipment  materially  reduces  the  light 
output.  Engineers  have  realized  this  for  a 
considerable  time,  but  until  recently  have 
not  made  as  much  effort  as  is  desirable 
to  impress  this  fact  on  the  minds  of  the 
public. 

During  the  past  year  considerable  publicity 
was  given  to  the  subject,  data  obtained  from 
tests  were  called  to  the  attention  of  operating 
departments,  and  every  effort  made  to  see 
that  proper  cleaning  of  equipment  is  made  the 
practice. 
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Dark  surroundings  make  an  interior  gloomy 
and  disagreeable  no  matter  how  much  light 
is  supplied.  With  any  system  of  illumination 
(Fig.  86)  a  considerable  part  of  the  flux  will 
strike  the  walls  and  ceilings.  If  these  have 
a  relatively  high  coefficient  of  reflection,  the 
overall  effectiveness  of  the  system  will  be  of 
a  higher  order.  On  this  subject  also  stress 
has  been  laid  and  information  on  the  reflect- 
ing properties  of  various  kinds  of  paint  dis- 
seminated. 

At  the  1920  convention  of  the  Illuminating 
Engineering  Society  a  well  known  psycholo- 
gist reported  tests  which  seem  to  confirm  the 


Association  undertaking  a  nation-wide  cam- 
paign of  education.  More  or  less  permanent 
demonstrations  have  been  erected  in  Balti- 
more and  New  York,  while  others  are  under 
way  in  Boston,  Philadelphia,  San  Francisco, 
Los  Angeles,  Cincinnati  and  other  large  cities. 

Supplementing  this,  the  lamp  manufacturers 
and  central  station  syndicates  are  exhibiting 
portable  demonstrations  (Fig.  87)  in  smaller 
places  and  in  connection  with  industrial  con- 
ventions. 

It  has  not  been  definitely  determined 
where  the  economic  limit  of  high  level 
illumination    lies.      Even    though    our    con- 
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chpoint  in  a  Coal  Mine,  with  Suitable  General  Illumination. 

contrast  this  picture  with  conditions  as  usually  encountered  i 
.     It   is  no  wonder  that  the  accident  rate  is  relatively  high  con 
sidering   the    dangerous    operating   conditions    and   the    total 
inadequacies  of  the  lighting  as  ordinarily  supplied 


practical  experience,  that  the  higher  intensi- 
ties of  illumination  not  only  increase  visual 
power  but  very  materially  quicken  it. 

In  addition,  these  tests  indicate  that 
astigmatic,  aged  and  otherwise  sub-normal 
eyes  are  benefited  in  these  respects  con- 
siderably more  than  normal  eyes. 

The  year  1920  stands  out  as  one  in  which 
the  advantage  of  high  level  illumination  for 
industrial  plants  has  received  remarkable 
support  as  a  means  of  increasing  the  rate 
and  economy  of  production.  Responding  to 
this  interest,  the  lamp  manufacturers  devel- 
oped the  demonstration  method  of  illustrat- 
ing modern  practice  and  its  effectiveness. 
Special  demonstration  rooms  were  constructed 
in  Cleveland,  Harrison,  Chicago  and  at 
Association  Island.  Such  a  demonstration 
at  the  Pasedena  Convention  of  the  National 
Electric   Light   Association   resulted   in   this 


cepts  have  been  considerably  raised  over 
those  of  a  few  years  ago,  it  is  probable  that 
it  may  prove  desirable  to  go  somewhat 
higher.  At  the  present  time  intensities 
between  ten  and  twenty  foot-candles  general 
illumination  are  being  supplied  where  two 
to  four  foot-candles  was  formerly  standard 
practices.  Daylight  intensities  in  interiors 
run  as  high  as  several  hundred  foot  candles 
while  out  of  doors  they  are  as  high  as  eight 
thousand  foot-candles. 

In  a  number  of  industries  local  lighting 
has,  in  the  past,  been  more  common  than 
general  or  localized  illumination.  The  advan- 
tages of  modern  lighting  methods  have 
apparently  never  been  brought  to  the  atten- 
tion of  the  industries  as  a  whole.  Some  of 
these  industries  (Figs.  88,  89  and  90)  have 
recently  been  investigated  with  a  view  to 
ascertaining  their  lighting  demands  and  the 
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m.    Among  these 
might     be    mentioned     textile    mills. 
factori  mines,    printing    plants   and 

grain  information  obt 

from   ■  ta  :.  been  di 


Fig.   91.      Typical    Mirrored   Glass   Window   Lighting   Reflector 
with  Gelatin  Color  Screen  and  Holder  in  Place 

nated  and  presented  in  the  technical  press  as 
well  as  mai  u  bulletins. 

There  has  been  a  growing  appreciation  ol 
the  necessity  of  accurate  mirth  light  for 
color  comparison.  Research  lias  developed 
suitably  toned  glass  screens  for  modifying  the 
light  from  the  Mazda  C  lamp  to  this  quality. 
Units  embodying  this  principle  have  been 
widely     distributed     throughout     industrial 


Fig.  92.     Standard  Show  Window  Reflector  with  Color  Screen, 

Color  Screen  Holder  and  Supporting 

Harness — Exploded  View 

plants  where  color  determination  is  an 
important  element  of  manufacture  and  in 
retail  and  wholesale  establishments  in  order 
that  the  customer  may  select  his  goods  with 
confide 


With  the  realization  that  the  show  window 
is  a  miniature  stage,  the  display  man  has 
begui  hting  meth  id    >•■ 

the  window.     Instead  of  confining  his  i 
of   unmodified    light,    ton 
eral    illumination    has    come    into 
widespread  use     On  the  stage,  the  spotlight 

d   to  bring  out  particular  ob 
or   actors    I  f    the 

audience.     Small  of  the  suspension 

type    and    footlij  employing 

cent  rated    filament    Mazda    lamps    together 
with  color  screens  are  now  used  in  th< 
windi  iw. 

The  Fifth  Avenue  Association  of  New  York 
City  last  spring  set   aside  a  special  week  in 


Fig.  93.      Double  Reflector  Unit  for  Highway  Lighting 

which  particular  attention  was  paid  to 
window  displays  and  exhibits.  As  an  intro- 
ductory element,  the  prominent  merchants 
together  with  their  display  men  were  given  a 
talk  and  demonstration  on  the  possibilities 
i  if  ei  ilor  and  directional  effects  in  show 
window  lighting.  The  principles  outlined 
were  embodied  in  many  very  interesting  and 
attention  compelling  displays. 

Much  interest  in  the  subject  was  evidenced 
ai    tin-  last    convention   of  the   International 
iation  of  Display  Men  where  talks  and 
demonstrations  were  presented.     At  t'n 

■n  of  the    illuminating   engineers   of   the 
lamp  manufacturers,  a  leadii  .  manu- 

facturer devised  an  equipmi  91  and 

92)  wh  tine  color  screens  ran  be  eon- 
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Fig.  98.     Ornamental    Standard    f< 

Lighting  System  for  Broadway, 

Los  Angeles,  Cal. 


veniently  attached 

the  standard  show  win- 
dow reflector  and  changed  at jwill. 
horticul- 
tural  experts    have    indii 
that    the   peri  mdding 

iening  of  plain  life  are 
controlled  by  the  1. 
exposure  to  light.    Other  quali- 
fy the  inten- 
sity.    Light  control  is  therefore 
offering  possibilities  for  meeting 
economic     nerds     of     certain 
of    fruit,    flower,    and 
able  production. 
The  ruling  of  thi 
Commerce     I  <a     has 

gone  into  effect  with  the  result 
that  all  mad  locomotives  have 
ed  with  250-watt 
incandescent  head  lights  usu- 
:  iplied  with  current  from 
small  steam  turbines.  The 
excellent  lighting  effect  has 
been   plainly  evident. 

The  Associations  of  Fixture 
Manufacturers  and  Lighting 
Fixture  Dealers  held  what  was 
known  as  a  fixture  market  in 
Detroit  during  the  year  At 
this  meeting  new  designs  were 
displayed  and  developmental 
work  discussed.  A  meeting  is 
planned  for  Buffalo  during  the 
present  year.  This  will 
a  more  elaborate  scale  than 
ore  and  a  "better  light- 
ing week"  on  which  all  the 
interests  of  the  city 
will  co-operate,  is  contem- 
plated. Talks  will  be  given 
to  local  organizations  and 
educational  demonstrations  are 
a  part  of  the  program. 

For  some  years  past  there 
has  been  felt  a  growing  need 
f<  ir  the  illumination  of  highways 
beyond  the  limits  of  cities  and 
iwth  in 
traffic  i  the  increasing 

moti  T  ears  for  interurban 
bus  lines  and  freight  transpor- 
tation    in     addition     I 
greater    density     of     pleasure 
vehicle  traffic. 

The    lighting    units   hereto- 
foresel  i  s  servicehave 

been  equipped  with   reflectors 


Fig.  99.     Ornamental   Duoflui  Light- 
ing   Standard    for    Broadway, 
Saratoga  Springs,  N.  Y. 
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which  caused  a  considerable  portion  of  the 
light  to  be  wasted  by  illuminating  the  area 
on  either  side  of  the  road  and  in  order  to 
secure  adequate  illumination  by  this  means 
it  was  necessary  to  have  the  lighting  units 
closely  spaced  thereby  rendering  the  project 
exceedingly  expensive. 

After  a  considerable  amount  of  experi- 
ment with  a  number  of  special  reflector  units 
installed  for  long  periods  under  typical  high- 
way conditions,  adoublc  unit  reflector  (Fig. 93) 
was  designed  so  that  the  light  from  a  single 
incandescent  lamp  is  projected  in  both  direc- 
tions along  the  road,  and  effective  illumination 
of  the  roadway  can  now  be  secured  with  very 
wide  spacing  (Fig.  94)  of  these  units. 

The  complete  unit  can  be  readily  installed 
.in  existing  telegraph  or  other  poles  lining 
the  highway  and  each  half  of  the  unit  con- 
sists of  three  parabolic  nested  reflectors  which 
prevent  the  escape  of  the  light  beyond  the 
sides  of  the  road  and  project  it  lengthwise  in 
both  directions. 

In  order  to  secure  illumination  directly 
beneath  the  unit,  the  reflectors  have  V-shaped 
openings  in  the  bottom,  which  permit  the 
projection  of  a  portion  of  the  light  rays 
directly  on  the  road  beneath  the  pole. 

The  experimental  installations  (Fig.  9">)  of 
this  unit  have  given  every  indication  that 
the  problem  of  securing  adequate  economical 
highway  illumination  without  objectionable 
glare  has  been   solved. 


Two  important  street  lighting  systems 
were  completed  and  placed  in  operation  dur- 
ing the  year,  one  of  these  being  in  Los  Angeles, 
California,  where  luminous  arc  lamps  are 
used,  the  other  being  in  Saratoga,  N.  Y., 
where  incandescent  lamps  are  used. 

The  system  on  Broadway,  Los  Angeles 
(Fig.  96),  was  lighted  January  17,  1920,  there 
being  134  2-light  ornamental  standards  (Fig. 
97)  utilizing  (i.O-ampere  luminous  arc  lamps. 
Sixty-seven  of  these  lamps  burn  all  night,  the 
remainder   being   extinguished   at   midnight. 

It  is  interesting  to  note  that  in  general  the 
luminous  arc  lamp  business  of  1920  showed 
an  increase  of  more  than  fifty  per  cent  over 
that  of  1919. 

The  Broadway  system  at  Saratoga  Springs, 
X.  Y.,  was  placed  in  service  June  19,  1920, 
and  represents  the  highest  intensity  of 
illumination  so  far  used  for  incandescent 
street  lighting.  Each  of  the  ornamental 
standards  (Fig.  98)  is  equipped  with  two 
duoflux  units,  each  of  which  contains  one 
1000-candle-powcr  and  one  250-candle-power 
series  Mazda  lamp.  The  larger  lamp  in  each 
globe  is  extinguished  at  midnight,  at  which 
time  the  smaller  one  is  lighted.  This  arrange- 
ment permits  the  use  of  reduced  illumination 
of  a  uniform  intensity  after  midnight  without 
a  duplication  of  lighting  circuits. 

Seventy  of  these  standards  have  been 
used  (Fig.  99)  for  lighting  nearly  a  mile  of 
street. 
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Commercial  Photometry 

PART   II 

B     A    I.    Pots  i  i  i  and  .1    A.  Summers 
Edison  Lamp  Works,  Generai   Electrn  Company 

Part  I  of  this  article  appeared  in  our  December  issue,  treated  of  the  m  omparing  an-'. 

ing  light,  described  the  pi  ■  wees  employed,  and  gave  instruction 

manipul  irmation  is  in  this  concluding  installment  directly 

to   the  .trie   testing.       Such   include  the   measurement   of  illumination, 

ol  different  ch;  let  lighting,  and  projector  illumination. 

A  vers  ography  is  appended.     Editor. 


Illumination  Tests 

It  is  often  desirable  to  determine  the 
average  illumination  on  a  certain  horizontal 
plane  in  a  given  room  and  from  the  values 
obtained  to  calculate  the  coefficient  of  utili- 
zation of  the  particular  equipment  under 
the  special  conditions. 

For  this  work  one  of  the  portable  pho- 
tometers is  employed  with  the  test  plate  fixed 
in    a    horizontal     position    at    tin 
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Fig.  14.      Location  of  Test  Stations  for  a 
Symmetrical  Room 

distance  above  the  floor.  The  room  is  divided 
into  sections  and  readings  taken  in  the  center 
of  each  section.  Two  or  more  readings  should 
be  taken  at  each  to  insure  accurate  results. 

The  choice  of  stations  will    depend   on   a 
numbi  If  the  room  is  symmetri- 

cal, having  all  four  walls  of  appn  ximately 
the  same  characl  loration  of 

r  of  the  room  will  be  sufficient  for 
the  purpose  as  indicated  in  Fig.  1  1,  for  there 
will  bi  nding  reading  in  each  of  the 

remaining  quarters  of  the  room. 


If  the  room  has  one  wall  of  comparatively 
high  reflecting  power  and  the  opposite  wall 
is  largely  composed  of  windows  it  will  then 
be  desirable  to  explore  one  half  of  the  room 
as  indicated  in  Fig.  15,  each  of  the  stations 
duplicated   in   the   other  half. 

If  a  very  large  area,  as  for  example  an 
industrial  plant,  erecting  shop,  or  foundry, 
is  to  be  tested,  a  typical  section  as  indicated 
in  Fig.  lti  may  be  explored. 
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Fig.  15.      Location  of  Test  Stations 
for  an  Unsymmetrical  Room 

The  first  step  of  procedure  is  to  lay  out  the 
stations  as  indicated  and  determine  the  il- 
lumination at  each  of  the  stations  (Figs.  17 
and  18)  and  a  simple  arithmetical  calculation 
will  give  the  average  illumination. 

In  connection  with  the  test,  the  following 
points  should  be  recorded  : 

Floor  plan  shosving  test  trade  name  and  dimen- 

stations   and   lighting  sions. 

outl.  Voltage  of  circuit. 

Average  illumination. 
Minimum  illumination. 
Maximum  illumination. 
Ratio    of    minimum    to 
maximum        illumina- 
tion. 
Total  generated  lumens. 
Total  effective  lumens. 
Coefficient  of  utilization. 
Special  remarks. 


Color  of  floor. 
Color  of  walls. 
Color  of  ceiling. 
Height  of  ceiling. 
•   of  lamps. 

.Lie    and    rated    lu- 
mens of  lamps. 
Type  of  reflector  or  globe 
equipment,    including 
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Also,  the  following  com  lit  inns  should  be 
complied  with : 

Make  sure  that  the  tester  or  observers 
do  not  cast  shadows  on  the  test  plate. 

Be  sure,  at  all  times,  that  the  current  or 
voltage  flowing  through  or  applied  to  the 
comparison  lamp  in  the  portable  photometer 
corresponds  to  the  calibration  values. 

Keep  the  test  plate  level  on  the  horizontal 
plane. 

If  the  voltage  of  the  lighting  circuit  is  differ- 
ent from  that  of  the  lamps  all  readings  must 
be  corrected  to  standard  values.  For  exam- 
ple, the  lamps  used  are  rated  1  L5  volts  and 
the  circuit  voltage  is  found  to  be  L 1 2  volts.  In 
other  words,  the  lamps  are  operating  at  97}^ 
per  cent  of  normal  voltage.  From  a  suitable 
curve  it  will  be  seen  that  they  are  giving  92 
per  cent  of  their  normal  candle-power  or 
lumens.  All  readings  must  therefore  be  mul- 
tiplied by  1  0.92  or  1.07.  If  the  voltage  is 
fairly  constant,  a  reading  taking  at  the  be- 
ginning, at  the  middle,  and  at  the  conclusion 
of  the  test  will  be  satisfactory.  If  the  volt- 
age fluctuates  rapidly  and  accurate  results 
are  desired,  simultaneous  readings  of  illumi- 
nation and  voltage  must  be  taken.  A  con- 
dition such  as  this  is  encountered  when  test- 
ing the  illumination  in  a  street  car  operated 
from  the  trolley  circuit. 

Illumination  readings  are  ordinarily  taken 
on  the  horizontal  plane.  In  the  office,  draft- 
ing room,  factory  or  shop,  at  the  desk  or 
bench  level.  In  an  armory,  a  gymnasium, 
depot  or  similar  place,  readings  should  be 
taken  at  some  arbitrary  elevation,  usually 
30  in.  above  the  floor;  in  stores  at  the  counter 
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Fig.  17.      Reading  Illumination  on  a  Horizontal  Pla 
with  the  Sharp- Millar  Photometer 


Fig.  16.      Locati( 


Fig.  18.      The  Macbeth  Photometer  as  Employed  to 
Illumination  in  the  Horizontal  Plane 
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level,   with  on   tb     \  erl  ii  al 

surfaces  of  the  shelves  (Fig.  20).     In  an  art 

K    vertical  illumination  on  tb 
ture  walls  is  the  feature  it  is  desirabli  '"study. 
tn    th      how    window      ome     pecial    points, 
such  as  tin-  floor  and  the  angle  at  which  (ho 


Fig.  19.      Determination  of  the  Illu 

Desk  Surface  with  the  Foot-candle  Meter 

trim  is  ordinarily  placed,  should  Ik-  studied; 
in  tin-  streel  or  railway  car,  readings  should 
be  taken  at  the  position  of  a  newspaper  held 
in  the  hand  of  the  passenger  at  approximately 
Erom  the  horizontal.  ( )n  the  theal  ri- 
cal  stage  it  may  be  desirable  to  know  the 
illumination  on  the  scenery  and  on  a  number 
for  this  is  more  important 
than  horizontal  measurements,  since  the 
audience  \  iews  in  general  objeel  m  this 
plane.  In  street  lighting  it  is  desirable  to 
know  the  illumination  on  the  surface  of  the 
street,  on  irregularities  or  obstructions  in 
the  street,  and  in  some  i  the  building 

.  while  in  the  swimming  poo]  the  sur- 

I  if  interest  . 

Having    obtained    the    average    illumina- 
tion on  the  hi  rizontal  plan 

'us  and  the  total 
i    total  effec- 
tive lumens.     Tl  [  lumens  of  the 
lamp  arc  known 

he  coefficient  of  utilization. 
This  factor  is  of  importance  in  designing  an 
install.  ' 


Brightness  Measurement 

As  the  elements  upon  which  satisfai 
illumination  depends  are  being  more  care- 
fully studied  and  generally  understood,  con- 
siderably mure  attention  is  being  paid  to  the 
question  of  intrinsic  brilliancy  or  surface 
brightness.  This  refers  to  the  appearance  of 
a  light  reflecting  surface,  or  a  light  source 
when  viewed  fr<  nn  a  particular  direction.  The 
question  of  comfortable  and  satisfactory 
illumination  depends  to  a  great  degree  on 
the  propei  co-i  rdination  of  relative  bright- 
nesses of  objects  in  the  held  of  view.  This  is 
usually  specified  in  terms  of  candle-power 
per  unit  area;  for  brightness  of  a  high  order, 
it  is  staled  in  candle-pi  wer  per  square  inch  or 
per  square  centimeter;  while  for  reflecting 
surfaces  of  a  lower  order  or  brightness  candle- 
power  per  square  foot  or  per  square  meter  is 
applied.  The  term  "Lambert"  is  sometimes 
used  to  express  brightness  and  represents  one 
lumen  per  sq.  cm.  radiated  or  refli 
i  >ne  candle  per  scp  in.  equals  0.4868  laml 

The  brightness  "apparent  foot-candles" 
emitted  from  a  source  or  surface,  if  distribut- 
ing light  uniformly  in  all  directions,  as  from  a 
hemispherical  source  or  from  a  perfectly  matt 
surface,  when  divided  by  w  (3.14)  gives 
candle-power  per  square  foot. 

While  foot-candles  as  ordinarily  used 
refers  to  the  tin.;  density  received  on  a  plane, 


Measuring  Vertical  Illumination  of  Wall  Brightn 
with  the  Macbeth  Photometer 
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apparent  foot-candles  may  be  used  to  con- 
veniently express  brightness  with  the  under- 
standing that  "one  foot-candle  of  brightness 
would  be  identical  in  appearance  to  (a)  that 
produced  by  an  illumination  of  one  foot- 
candle  upon  a  perfectly  matt  diffusing  and 
reflecting  surface  of  100  per  cent  reflecting 
power,  or  (b)  that  of  a  surface  source  of  light 
emitting  at  a  density  of  one  lumen  per  square 
foot,  such  flux  being  emitted  in  accordance 
with  the  cosine  law." 

Apparent  foot-candles  becomes  at  once  a 
convenient  term  differing  actually  from  the 
foot-candle  values  incident  on  a  plane,  or 
surface,  by  the  absorption  of  that  surface. 
A  surface  with  five  foot-candles  incident 
would  have  an  absorption  of  20  per  cent  if 
the  emitted  light  or  brightness  in  a  given 
direction  was  four  apparent  foot-candles. 

Brightness  measurements  in  apparent  foot- 
candles  are  made  with  a  portable  photometer 
in  a  manner  similar  to  illumination  measure- 
ments. With  photometers  such  as  the 
Macbeth,  employing  the  detached  test  plate, 
the  aperture  should  be  pointed  at  the  surface 
to  be  measured  and  a  reading  taken  of 
apparent  foot-candles.  The  co-efficient  of 
reflection  of  the  test  plate  with  which  the 
photometer  has  been  standardized  is  already 
known  and  given  with  the  calibration  of  the 
photometer.  Multiplying  the  reading  of 
apparent  foot-candles  by  this  coefficient  of 
reflection  of  the  test  plate  gives  this  bright- 
ness value.  To  reduce  the  readings  to  values 
in  units  of  candle-power  per  square  foot, 
they  should  be  divided  by  3.1416;  candle- 
power  per  square  inch  divided  by  452  ('■'>.  1410 
X  144);  per  square  centimeter  by  2920 
(3.1416X929);  per  square  meter  divided  by 
0.292  (3.1416X.0929). 

For  portable  photometers  using  the  trans- 
lucent cap  at  the  end  of  the  elbow  rather  than 
the  detached  test  plate,  such  as  the  Sharp- 
Millar,  the  cap  is  removed  and  the  elbow 
(with  the  mirror  in  its  normal  position) 
pointed  at  the  surface  to  be  measured  and 
readings  taken.  These  readings  multiplied  by 
the  coefficient  given  in  the  standardization 
sheet  accompanying  the  photometer  give  the 
candle-power  per  square  inch  of  the  surface 
observed.  This  coefficient  takes  into  consid- 
eration the  absorption  of  the  translucent  plate 
and  the  area  values  mentioned  above. 

Measurement  of  Reflection  Factor 

The  portable  photometer  can  also  be  used 
with  satisfaction  for  determining  the  reflection 


factors  of  surfaces.  The  method  of  standard- 
izing the  photometer  for  this  purpose  and  mak- 
ing the  actual  measurement  is  described  in  de- 
tail in  the  article,  "Effect  of  Color  of  Walls 
and  Ceilings  on  Resultant  Illumination,"*  and 
need  not  be  discussed  here. 
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Fig.  21.      Reading  Illumination  on  a  Vertical  Surface 
with  the  Foot-candle  Meter 

Illumination  Test  on  a  Single  Unit 

Frequently,  in  cases  of  competing  equip- 
ment, illumination  tests  are  conducted  on  an 
individual  unit.  The  uninitiated  often  takes 
a  single  reading  with  a  portable  photometer 
directly  beneath  the  unit.  A  little  analysis 
will  show  that  such  a  procedure  will  give  very 
erroneous  results.  The  unit  may  have  a  very 
poor  efficiency  and  low  illuminating  power, 
and  yet  give  a  concentrated  distribution  of 
light,  producing  a  very  high  reading  directly 
under  it.  Another  unit  giving  a  broader  dis- 
tribution of  light  and  being  much  more 
suitable  for  general  illumination  will  give  a 
low  reading  beneath  the  unit  and  yet  a  much 
higher  output.  The  further  we  go  from  under 
the  unit,  the  greater  the  area  over  which  a 
given  illumination  is  spread  and  the  foot- 
candles  at  these  distant  points  represent  con- 
siderably more  effective  lumens. 

For  a  fair  comparison  it  is  therefore  neces- 
sary to  take  a  series  of  readings  radially  from 
under  the  lamp  and  give  these  readings  the 
proper  weight  as  indicated  in  Fig.  22.  For 
example,  readings  are  taken  four  feet  apart. 
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Then  ation  "  A  "  may  be  considered 

■  ■  i    in  radius; 
readii  >n  "  IS  "  th<  ver  a 

us  is  6  ft.,  and  whose 
inner  radius  is  i'  ft  ;  reading  at  station  "('." 
the  average  illumination  over  a  ring  whose 
outer  radius  is   LO  ft.  and  v.  I  radius 

10  on.     Fi  i 
i ho  following  calculal  •■■ 
Reading  at 

"  A  "Xir  I  2  i5  sq.  ft.  =  Lumens. 
Readii 

"B">  -  i  G       (2    ,  sq.  ft.  =  Lum( 
Readii 

6      sq.  ft.  =  Lui 
Readi 

"  1 1"  ■  -  i    M  ■'  - '  lin- sq.  ft.=Lumens. 

A  summation  of  these  individual  ring  lumen 
values  will   approximate   the   total   effi 
lumen  '   by  the  unit  provided   the 

readings  are  carried  out  to  a  point  where  the 
foot-candles  become  negligible. 

Rough    Distribution    Determination    with   Portable 
Photometer 

It  is  often  necessary  to  determine  the 
cteristics  of  a  lighting  unit  as  to  dis- 
tribution when  mi  regular  photomet* 
available.  An  approximate  idea  can  be 
ed  by  using  the  portable  photometer 
and  calculating  candle  power  from  the  read- 
ings obtained.  The  unit  under  consideration 
should  be  set  up  in  such  a  position  that 
iling  do  not  reflect  any 
appreciable  amount  of  light  and  thus  make 
the  readings  inconsistent.  The  center  of  the 
lamp  should  be  placed  at  a  definite  di 
above  the  photometric  screen.  The  first 
reading,  to  obtain  the  downward  light, 
should  l»'  taken  with  the  plate  of  the  photo- 
meter level  directly  beneath  the  unit.  The 
second  reading  should  be  taken  at  a  certain 
distance,  say  five  feet,  from  beneath  the  unit 
with  the  plate  of  the  photometer  pointing 
directly  at  the  unit.  A  similar  reading  taken 
ten  feet  from  beneath  the  unit  will  give  the 
candle-power  at  another  angle,  and  so  on. 
Example: 

Hanging  height,  10  feet. 

Reai  :   unit    candle-power  = 

Rea<  unit,  angle 

27°. 

reading  >  \   l02-r-32 

hue  (c)  Id  :  h  unit,  angle  I 

Candle-power  =  Reading  X"\   i'1 


If  this  type  of  work  is  done  to  any  appreci- 
extent    a    sighting    device    should    In- 
attached  to  the  elbow  of  thi'  photometer.      If 
raduated  scale  of  degrees  is  used  and 
angles  calculated  in  advance  for  the  hanging 
height  and  i  or  that  particular  test 


Fig.  22.     Relative  Ring  Areas  for  Illumination 
Test  on  a  Single  Unit 

station,  precautions  should  be  taken  to 
insure  that  the  instrument  is  set  level.  At 
best  this  method  is  inaccurate  and  is  not 
recommended. 

Street  Illumination  Tests 

The  greatest  care  is  necessary  in  conducting 
illumination  tests  on  the  street.  There  are  so 
many  factors  which  may  lead  to  erroneous 
conclusions  that  it  is  of  the  utmost  importance 
to  scrutinize  such  tests  very  closely  before 
final  conclusions  are  drawn.  With  the 
exception  of  the  so-called  white  way  lighting, 
the  variation  from  maximum  intensity  to 
minimum  intensity,  while  proportionally  very 
high,  is  numerically  only  a  fraction  of  a  foot- 
candle.  It  will  readily  be  seen  that  a  slight 
error  will  nullify  the  value  of  the  whole  test. 

Some  of  the  causes  of  error  are:  Too  few 
lamps  are  tested,  causing  too  much  weight 
to  be  given  to  the  performance  of  an  individual 
lamp.  The  lamp  may  not  be  in  the  proper 
position  in  the  units  which  are  being  t< 
This  is  particularly  true  where  a  refractor  is 
used.  In  this  case  changing  the  position  of 
the  lamp  would  change  the  distribution 
curve,  causing  the  maximum  candle-- 
to  come  in  an  entirely  different  position  than 
was  intended,  and  changing  the  readin 
the  street.  The  current  flowing  through  the 
may  also  be  high  or  low,  due  to  the 
temporary  fluctuations  which  are  well  known 
on  any  external  circuit.  For  this  reason  the 
central    station    should    notifv    the    man    at 
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the  switchboard  to  note  current  conditions 
during  the  time  of  the  tests  so  that  proper 
corrections  can  be  made  for  any  variations. 

Persons  inexperienced  in  photometry 
very  frequently  try  to  ran  street  lighting 
tests  and  the  personal  error  in  reading, 
coupled  with  the  inherent  error  in  a  portable 
photometer,  may  cause  wide  variation  from 
the  true  reading.  In  comparing  the  per- 
formance of  several  units  due  consideration 
must  be  given  to  the  reflection  from  build- 
ings, shadows  from  trees,  and  condition  of 
the  road  surface.  Important  decisions  should 
not  be  rendered  on  street  tests  ran  with  a 
portable  photometer,  but  should  be  based  on 
laboratory  tests  where  exact  conditions  may 
be  noted. 

It  is  often  necessary  to  run  commerical 
street  lighting  tests  and  a  great  deal  of  valu- 
able information  may  be  secured  if  proper 
notations  are  observed.  When  such  tests  are 
to  be  ran  select  a  number  of  typical  places 
around  the.  city,  measure  off  a  line  of  stations 
between  units  along  the  center  line  of  the 
road,  another  line  of  stations  along  the  curb 
line.  It  is  customary  to  make  these  stations 
about  five  feet  apart,  starting  directly  opposite 
one  unit  and  going  to  a  point  directly  opposite 
the  next  unit.  If  the  units  are  not  symmetri- 
cally spaced,  an  average  spacing  should  be 
selected. 

The  method  mest  frequently  used  in  mak- 
ing these  tests  is  to  lay  a  calibrated  target  on 
the  street  at  each  of  the  stations  mentioned 
above  and  read  horizontal  illumination  direct. 
If  a  regular  photometer  target  or  external  test 
plate  is  not  available,  a  piece  of  clean  white 
blotting  paper  may  readily  be  calibrated 
and  will  give  satisfactory  service.  The  target 
must  be  large  enough  to  cover  the  field  of  the 
photometer  when  viewed  through  the  tele- 
scope, and  it  must  be  kept  clean,  free  from 
unnatural  shadows,  and  in  a  horizontal 
position  during  the  test. 

The  target  is  calibrated  in  the  same 
manner  as  is  an  external  test  plate  of  the 
photometer.  The  method  is  described  under 
calibration  of  the  Macbeth  illuminometer. 

When  using  the  Sharp-Millar  photometer 
for  these  tests  remove  the  translucent  test 
plate  at  the  end  of  the  horn  and  use  the  mirror 
in  the  elbow  to  reflect  the  light  from  the  target 
to  the  photometer  head.  When  using  the 
Macbeth  illuminometer  the  regular  external 
test  plate  is  used  and  the  photometer  pointed 
at  it  in  the  usual  manner. 

In  order  that  the  various  tests  may  readily 
be    compared    and    studied    the    values    are 


usual ly  plotted  on  rectangular  co-ordinate 
paper  and  the  location  of  the  units  marked 
on  the  sheet  so  that  their  relation  to  the  curve 
may  readily  be  noted. 

Projector  Tests 

Projectors  are  divided  into  two  general 
groups,  those  using  a  parabolic  reflector  or  a 
modification,  and  those  using  a  lens  system. 
Under  the  first  group  come  headlights  for  the 
various  uses,  flood-lights  and  searchlights; 
under  the  second  group,  theatrical  spot  lamps, 
stereopticons  and  motion  picture  projectors. 

A  portable  photometer  is  used  almost 
universally  in  testing,  and  reliable  restilts 
may  be  obtained  if  it  is  properly  calibrated 
and  used.  A  sufficient  number  of  readings 
must  be  taken  to  get  average  performance. 

In  the  case  of  a  parabolic  reflector  the  unit 
should  be  turned  on  its  horizontal  axis  and 
readings  taken  across  the  center  of  the  beam 
at  various  positions  and  the  results  averaged. 
It  is  seldom  possible  to  check  a  line  of  readings 
even  though  they  are  apparently  taken  at  the 
same  station.  This  is  due  to  overlapping 
images  of  the  filament  which  may  cause  a 
considerable  difference  in  intensity  at  points 
only  a  few  inches  apart.  Such  variations 
are  readily  discernible  by  looking  for  the 
mottled  appearance  of  the  beam  when  thrown 
on  a  blank  surface. 

The  beam  of  light  reflected  from  a  parabolic 
mirror  has  several  peculiar  features,  the  most 
important  being  the  great  distance  to  the 
point  where  it  reaches  its  final  distribution. 
The  light  from  the  center  of  the  mirror  has 
the  widest  distribution  and  forms  the  edge 
of  the  beam,  while  the  light  striking  the  edge 
of  the  mirror  tends  to  fill  in  the  center  of  the 
beam.  Theoretically  this  crossing  of  the 
rays  from  the  center  and  from  the  edge  of  the 
mirror  never  ceases,  but  practically  the  beam 
has  reached  its  final  form  at  from  fifty  to 
four  hundred  times  the  diameter  of  the 
mirror,  depending  on  the  relative  size  of  the 
light  source. 

For  this  reason  it  is  important  when  making 
tests  to  locate  the  photometer  stations  a 
considerable  distance  from  the  mirror.  For 
automobile  headlights  50  ft.  has  been  found 
to  be  a  satisfactory  distance,  and  for  larger 
headlights  and  floodlights  about  150  ft., 
while  for  large  searchlights  the  range  should 
be  from  1000  to  2000  ft. 

When  making  a  test  on  a  projector  with  a 
parabolic  mirror,  focus  the  beam  very  care- 
fully on  a  plane  surface  at  about  the  distance 
of  the  photometer  stations.     After  focusing, 
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the  center  of  the  beam  on  th 

of  the  phot  idings  across 

the  enl  ain  has  a  spread  of 

Hi  ,i,  .  should  be  taken 

beam  is  more  conqen- 

\  minimum  of  ten  readings  should 
iter  of  tin-  beam  in  both 
a    horizonta  tion.      If    a 

thorough  study  is  to  1  n 

of  traverse  readings 
should  be  taken,  the  number  depending  on  the 
unevenness  of  the  beam.  As  the  curves  of  all 
the  tr;  ust   be  averaged   to  get  the 

ii  prime  im; 
line  oi 

readings    taken    at    each    station    with    the 
photometer  are  multiplied  by  the  squa 
the  distance  from  the  projector  to  the  photo- 

The 
candle-power  of  equi-distant  points  on 

r  are  averaged  and  the  half 

i  urve  thus  obtained  is  plotted 

on  rectangular  co-ordinate  paper  as  shown  in 

Fig.    '2->.   which    i  al    curve   from  a 

ir.    The  lumens  in  the  beam 

are    calculated    by    multiplying    the    beam 

candle-power  at    each   degree   on   the  curve 

flux  constants  as  described 

This  gives  the  lumens  in  each  zone,  and  add- 
ing them  gives  the  total  lumens  in  the  beam. 
The  term  "beam  lumens"  is  sometimes  used 
and  designates  the  lumens  in  the  beam  to  t he- 
point  on  the  curve  where  the  beam  candle- 
power  is    1    1(1   the  maximum. 
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Clear  Glass  Lens 
Fig.  23.      Curve  Showing  Distribution  and  Essential 
Data  Obtained  from  a  Test  on  a  Projector  Unit 

Measuring  the  illumination  from  a  stere- 
opticon  or  motion  picture  projector  is  a 
somewhat  different  problem.  In  this  case 
the  information  desired  is  the  intensity  and 
uniformity  of  the  illumination  on  a  screen 
at  a  fixed  distance  and  over  a  fixed  area. 
Focus  the  lamp  and  objective  lens  carefully 
so  as  to  get  the  most  uniform  screen.  Divide 
the  screen  into  16  equal  rectangles  and  take 
readings  at  the  center  of  each  rectangle. 
These  are  average  readings  for  each  section 
and  give  comparative  figures  of  the  uniformity 
of  the  illumination.  The  total  lumens  are 
1  by  averaging  the  16  readings  and 
multiplying  by  the  area  of  the  screen  in  square 
feet.  The  results  are  shown  on  a  sketch  of  the 
screen,  divided  into  16  sections  with  the  read- 
ings placed  in  each  section. 

When  taking  photometer  readings  it  is 
always  desirable  to  take  from  three  to  five 
readings  at  each  station  and  average  the 
results  for  the  final  reading.  This  will 
materially  reduce  errors  from  faulty  settings 
and  voltage  variations. 
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Methods  for  the  Production  and  Measurement 

of  High  Vacua 

Part  VI 

I-!  ■■.    S.    Dl  SHMAN 

Research  Laboratory,  Generai   Elei  rRi<   i  ompany 

Xhis  in  charcoal  and  palladium  black  and 

their  u  i  improving  the  vacuum  in      aled  ofl   tubes.     The  next  installment  will 

h  vacua. — Em  rOR. 

tive  power  than  thai  from  other  sources. 
He  also  found  that  by  heating  the  charcoal 
in  vacuo  for  a  long  time,  to  expel  gases  already 
absorbed  and  then  cooling  it  to  a  low  tem- 
perature, large  volumes  of  the  ordinary 
i  i  eould  be  readily  "cleaned-up,"  so  that 
the  pressure  in  a  sealed-off  bulb  was  dimin- 
ished to  a  very  low  value.  Thus,  in  the 
case  of  a  2000  cm.3  bulb  containing  air  at 
2.19  mm.  pressure,  20  grammes  of  charcoal 
cooled  in  liquid  air  (  —  185  deg.  C.)  affected  a 
reduction  in  the  pressure  to  0.001)25  mm. 
The  absorptive  power  for  different  gases  was 
observed,  in  general,  to  increase  with  the 
boiling  point  of  the  gas.  Some  of  the  earlier 
observations  are  shown  in  Table  XIV, 
although  it  must  be  noted  that  much  larger 
absorptions  have  since  been  obtained  owing 
to  improved  technique  in  the  preparation  of 
the  charcoal.  The  volumes  absorbed  are 
given  in  cm.  3  at  0  deg.C.  and  760  mm.  pres- 
sures. 


While  the  use  of  vacuum  pumps  is  undoubt- 
edly tl  ilicable  method  of 
obtaining  very  low  pressures,  there  are  other 
ods  <>f  a  physical  chemical  nature  which 
;  utility  and  importance  in  high 
vacuum  technique.  Charcoal,  palladium 
black,  and  similar  substance  have  been  found 
to  absorb  large  volumes  of  gas  when  exposed 
o  ;\  low  temperatures.  The  high  reactiv- 
ity of  alkali  and  alkaline  earth  metals  with 
all  gases  except  argon,  helium  (and  the  other 
tits  of  the  inert  croup)  has  been  utilized 
by  different  investigators  for  "cleaning  up" 
residual  gases.  The  fact  that  the  electrical 
discharge  in  a  low  pressure  tube  causes  a 
gradual  disappearance  of  the  gas  has  been 
known  for  a  lone  time  and  explains  the  pro- 
gressive "hardening"  of  the  gas-filled  X-ray 
tubes.  In  the  incandescent  lamp  industry 
various  chemicals  or  "getters"  are  also  used 
for  the  purpose  of  improving  the  vacuum  in 
the  lamp  after  it  is  sealed  off  from  the  pump. 
All  these  arc  illustrations  of  physical  chemical 
methods  of  producing  high  vacua,  which  we 
shall   discuss  in  the   succeeding  section. 

I      ABSORPTION   OF    GASES   BY   CHAR- 
COAL1 
Dewar's  Investigations   on   the  Use  of  Charcoal   in 
the  Production  of  High  Vacua 

That  charcoal  and  other  substances  in  a 
finely  divided  state  have  the  power  of  taking 
up  large  volumes  of  different  gases  was  ob- 
served even  in  the  ISth  century.  Sir  James 
first  investigator  to  make 
use  ol  this  :  in  for  the  production  of 

high  vacua      He  observed  thai  charcoal  made 
from  coconuts  has  very  much  higher  absorp- 

1  The 

than  refer  briefly  to  the  mosl  important 
For  further   refen  ider   may  consult    the  following: 

W.  Ostwald.Lchrb.d 

ence  to  literature  prevn  us  to  1890). 
II.  Frcundli  h  I)  pp.  91    125. 

Britann 

nations  were  repoi 
Nature. 

>  Phil.  Mag.  I 


TABLE   XIV 
GAS    ABSORPTION    BY    CHARCOAL    i  per  cm3 1 


Boiling 

Volume 

Volume 

Point 

Absorbed 

Absorbed 

Deg.  Cent. 

at  0°  C. 

at  — 18 

268.6 

2  en-.3 

15  cm3 

252.9 

4 

13.5 

—  186.2 

12 

17.". 

—  195.8 

15 

155 

—  183.0 

is 

2  10 

Helium  ... 
Hydrogen 

Argon 

Nitrogen 
( Ixygen 


The  effect  of  temperature  on  the  relative 
absorption  of  helium  and  hydrogen  is  shown 
by  Table  XV.  "It  will  be  observed  that  the 
absorption  of  helium,  small  in  comparison  to 
that  of  other  gases,  even  hydrogen,  increased 
therefore  enormously  at  the  lowest  tem- 
perature." which  is  below  the  boiling  point 
of    liquid    hydrogen. 

Further  experiments  on  the  use  of  char- 
coal for  the  production  of  high  vacua  were 
carried  out  by  Blythswood  and  Allen.-1 
Their  results  are  extremely  interesting.    They 
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observed  that  by  using  charcoal  at  the  tem- 
perature of  liquid  air.  very  large  volumes  of 
air  could  be  absorbed.  The  rate  of  absorp- 
tion was  found  to  be  given  accurately  by  the 
first  order  reaction  equation. 

f -*  «-> 

where 

x  =  amount  absorbed  at  time  t 
A  =  total  amount  absorbed  when  equilib- 
rium is  attained, 
and 

k  =  constant. 
In  one  experiment,   using  21  (i  gms.   char- 
coal, a  volume  of  about  925  cm  .:i  was  exhausted 
from  an  initial  pressure  of  40  mm.  to  0.0009 
mm.  of  mercury  in  about  3  hours. 

Absorption,  Adsorption,  Occlusion,  and  Sorption 

The  clean-up  of  gases  by  charcoal  and 
similar  substances  is  apparently  a  complex 
phenomenon.  It  is  certainly  not  a  case  of 
chemical  reaction  in  the  same  sense  as  the 
clean-up  of  oxygen  by  a  heated  tungsten  fila- 
ment (where  WO  3  is  formed  as  a  result  of  the 
reaction),  although  there  is  some  question  as 
to  whether  in  the  case  of  oxygen  taken  up 
by  charcoal  there  is  a  chemical  action.  Also 
we  are  familiar  with  the  occlusion  of  gases 
by  metals.     Here  we  are  apparently  dealing 

TABLE  XV 
RELATIVE     ABSORPTION     OF      HYDROGEN 
AND     HELIUM     AT     LOW     TEMPERATURES 


Temp. 
Deg.  Cent. 

Helium 

Hydrogen 

—185 
—210 
-252 

-258 

2.5 

5. 
160 
195 

137 
180 
250 

with  true  cases  of  solution,  obeying  laws 
similar  to  the  solutions  of  nitrogen  or  oxygen 
in  water.  While  there  is  some  evidence  of 
similar  phenomena  in  the  specific  case  of 
charcoal  and  hydrogen  (see  below)  a  theory 
of  solution  will  not  account  for  the  general 
phenomena  of  clean-up  of  gases  by  charcoal. 
On  the  other  hand,  we  find  that  all  clean  sur- 
faces,after  evacuation, absorb  definite  amounts 
of  different  gases.  This  seems  to  be  a  case  of 
condensation  on  the  surface,  of  a  layer  of  gas 
about  one  atom  in  thickness.  The  gas  mole- 
cules are  attached  to  the  surface  by  quasi- 
chemical    forces.       Increase    in    temperature 

'  Phil.  Mag.  (6),  18,  916  I  L909) 
Zeits.  physikal,  Chem.  68,  471  (1909). 


causes  rapid  evaporation,  while  decrease  in 
temperature  leads  to  equally  rapid  con- 
densation of  gas  on  the  surface.  To  distin- 
guish these  different  kinds  of  physical 
chemical  reactions,  certain  terms  have  been 
introduced  into  the  literature  on  the  subject. 

J.  W.  McBain4  has  suggested  the  term 
"sorption"  as  a  "generic  and  non-hypotheti- 
cal term  for  phenomena  which  frequently 
occur  together,"  to  include  all  cases  of  clean- 
up of  gases  by  metals,  charcoal,  or  other  sub- 
stances. 

The  surface  condensation  of  gases  is  usually 
referred  to  as  adsorption,  while  the  solution 
of  gases  in  metals  or  liquids  is  regarded  as  an 
absorption  phenomenon.  The  term  "occlu- 
sion" is  also  used  frequently  in  referring  to  the 
gases  present  in  metals.  No  doubt,  a  large 
number  of  cases  of  occlusion  of  gases  by 
metals  ought  to  be  classified  as  true  absorp- 
tion (solution)  phenomena;  while  other  cases 
must  be  regarded  as  illustrations  of  adsorption 
reactions.  Under  these  conditions  the  use  of 
the  term  occlusion  seems  superfluous.  While 
the  theories  of  sorption  phenomena  are  dis- 
cussed in  a  subsequent  section,  it  has  been 
considered  best  to  introduce  these  terms  in 
the  present  connection  because  of  their  value 
in  the  classification  of  the  different  cases  of 
clean-up. 

Adsorption  of  Gases  by  Charcoal.      General  Investi- 
gations 

The  clean-up  of  gases  by  charcoal  is  to  a 
great  extent  an  adsorption  phenomenon,  the 
condensation  of  the  gas  occurring  on  the  large 
surface  presented  by  the  pores  in  the  charcoal. 
The  adsorptive  power  varies  widely  with  the 
method  of  preparation  and  structure,  so  that 
it  is  impossible  to  draw  any  conclusions  by 
comparing  the  results  obtained  by  different 
investigators.  On  the  other  hand,  it  has  been 
possible  to  obtain  interesting  results  by 
studying  the  behavior  of  any  given  specimen 
of  charcoal,  and  from  these  results  have  been 
derived  certain  general  conclusions  regarding 
the  "laws"  of  adsorption  phenomena. 

The  relation  between  the  amount  of  gas 
adsorbed  at  constant  temperature  and  the 
residual  pressure  is  of  great  importance.  The 
measurements  are  carried  out  as  follows: 
The  charcoal  (or  other  solid  adsorbent)  in  a 
tube  is  heated  to  a  high  temperature  (400  deg. - 
600  deg.  C.)  and  simultaneously  evacuated 
from  previously  adsorbed  gases.  A  measured 
volume  of  gas  is  then  brought  in  contact  with 
this  material  and  the  pressure  of  the  residual 
gas  measured  after  equilibrium  is  attained. 
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This  ■  until,  finally,  the 

rbent  becomes  saturated.' 
Most  of  the  in  d  have 

measured  the  ad  I   pressures  above 

1  mm.  of  mercury,  and    there  are  very  few 
published  data  on  the  adsorptive  power  of 


fo/ume  per  GM. 
Figs.  53  and  54 


charcoal  at   the  low  pressures  which  are  of 
interest  in  vacuum  technique. 

H.  Baerwald6  showed  that  by  heating 
charcoal  to  over  500  deg.  C,  its  absorptive 
power  is  increased  considerably;  also  that 
charcoal  from  coconut  shell  is  a  much  better 
absorbent  than  that  from  the  soft  part  of  the 
nut.  or  from  wood. 

The  absorption  of  nitrogen,  oxygen,  and  air 
by  coc  nut  shell  charcoal  at  about  is  d< 
has  been  measured  by  F.  Bergtcr.7 

measurements  at  low 
mm.  mercury  i  show  that  at  the  same  pn 

n  is  absorbed  in  aboul  30  or  40  times  as 

an    amount    as    nitrogen,    while    the 

absorbing    power   for   air   is    about    \\    times 

that    of    niti  U     low    pressures    the 

amount  absorbed  is  proportional   to  the  final 

ure.     It  was  also  observed  that    ii 

E  nitrogen,  aboul  :■■ 

pparatus  used  and  method  of  measure- 
ment are  given  in  the  following: 

ear,  Encyl.  Brit.  10.  751  (1912)  Fig.  5. 
M.  W.  Travers.  Proc.  Roy.  So 

I.  F.  Homfray.  Zeits.  physikal.  Chem.  74.  129  (1910). 
A.  Titoff,  Zeits.  physikal.  Chem. 
J.  B.  Firth.  ZciXi  physikal.  Chem.  86 
■  Phys.  S3.  S4  (19 

'Ann-  This  paper  also  gives  a  large 

number  of  relerences  to  previous  work. 


amount  is  absorbed  almost  instantaneously, 
while  the  rest  is  absorbed  very  slowly. 

In  the  following  tables  and  curves  of 
results  obtained  by  different  investigators, 
the  pressure  is  given  in  mm.  of  mercury,  the 
volume  adsorbed,  in  cm.  3I  measured  at  0  deg.  C. 
and  7<>0  mm.)  per  1  gm.  charcoal  (except 
where  otherwise  mentioned),  and  the  tem- 
ures  are  given  in  d  he  absolute 

or  Kelvin  scale.     (T  =  deg.  Centig.+273 

(i.  Claude'  has  measured  the  absorption 
of  ll.j,  He,  Xe.  and  X:  by  charcoal  at  very 
low  temperatures  and  low  pressures.  Table 
XVI  gives  the  results  obtained,  which  are 
shown  graphically  in  Figs.  53  and  54. 

Tlie  adsorption  of  helium  was  observed 
to  be  extremely  small,  0.2 1  cm.3  being  adsorbed 
at  a  pressure  of  27  mm. 


40    to  oojoo      Too       400  too  tvo 

0.4    O.t  Of  10        S.0  4.0  4\0   1.0 

Vo/um  p^rGnfO'C.  and  7tO/m) 


It  will  be  observed  that  although  hydrogen 
lint  than  that  of  neon, 
the  adsorptive  power  of  charcoal  for  the 
latter  is  much  lower  than  that  for  hydrogen. 
At  very  low  pressures  the  amount  adsorbed 
tends  to  become  proportional  to  the  pressure. 
For  higher  pressures,  the  form  of   the  adsorp- 
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TABLE  XVI 

ADSORPTION   OF   GASES  BY  CHARCOAL   (Claude) 


NITROGEN 

(T  =90.6) 

HYDROGEN 

(T=77.6) 

NEON 

(T=77.6) 

P 

V 

P 

V 

P 

V 

0.004 

9.35 

0.006 

0.105 

0.45 

0.105 

0.010 

18.70 

0.0115 

0.21 

0.88 

0.21 

0.032 

37.4 

0.0205 

0.42 

1.30 

0.32 

0.088 

46.6 

0.036 

0.84 

1.74 

0.42 

0.385 

56.0 

0.083 

2.05 

3.50 

0.84 

1.107 

65.3 

0.176 

3.71 

5.30 

1.22 

11.50 

93.0 

0.475 

8.40 

7.20 

1.63 

33.2 

103. 

1.060 

14. 

11.30 

2.44 

90. 

112. 

3  ;,!! 

28. 

15.5 

3.25 

247. 

121. 

S.7 

42. 

19.4 

4.06 

20.6 

.56. 

30.5 

6.18 

4:;. 7 

63. 

40.5 

8.01 

TABLE   XVII 
ADSORPTION   OF   GASES  BY   CHARCOAL    (Titoff) 


Hydrogen 

Nitrogen 

Carbon  Dioxide 

P 

V 

1/n 

P 

V 

1/n 

p 

V 

1/n 

(I)   T=353 


10 

0.0064 

11.4 

0.0452 

4.3 

0.2800 

35.3 

0.0217 

0.97 

26.6 

0.1154 

1.11 

12.5 

0.759 

0.93 

7.3.9 

0.0446 

0.98 

91.8 

0.4330 

1.07 

26.6 

1.539 

0.94 

183.1 

0.1097 

0.99 

198.9 

0.9021 

0.95 

54.4 

2.985 

0.93 

310.8 

0.1778 

0.91 

297. 2 

1.3170 

0.94 

120.9 

5.840 

0.84 

454.0 

0.2538 

1.00 

470.9 

2.007 

0.92 

230.4 

11.541 

0.76 

611.5 

0.3413 

1.00 

622.7 

2.572 

0.89 

356.4 

13.07 

0.72 

727.3 

0.4011 

0.93 

770.1 

3.180 

1.00 

520.3 

17.06 

0.70 

(II)  T  =  273 

17.4 

0.0384 

4.3 

0.111 

0.5 

0.849 

39.3 

0.0983 

1.16 

12.1 

0.298 

0.95 

3.2 

3.460 

0.68 

66.9 

0.1490 

0.78 

39.3 

0.987 

1.02 

10.9 

8.506 

0.73 

119.4 

0.2704 

1.03 

129.8 

3.043 

0.94 

25.4 

15.15 

0.68 

206.9 

0.4514 

0.93 

229.4 

5.082 

0.90 

83.0 

27.78 

0.43 

427.5 

0.9139 

0.97 

340.1 

6.047 

0.83 

173.5 

:{H.'.H) 

0.49 

642.1 

1.3430 

0.94 

562.3 

10.310 

0.76 

315.9 

50.24 

0.39 

.(III)   T  =  194 


7.9 

0.059 

1.5 

0.145 

19.0 

0.148 

1.06 

4.6 

0.894 

67.5 

0.531 

1.01 

12.5 

3.47 

141.9 

1.121 

1.01 

66.4 

12.04 

0.75 

236.9 

1.892 

1 .02 

149.5 

20.03 

0.63 

347.9 

2.787 

1.01 

271.4 

27.94 

0.56 

471.8 

3.607 

0.85 

388.4 

3.3.43 

0.50 

561.9 

4.276 

0.97 

542.9 

38.39 

0.41 

721.6 

5.414 

0.94 

740.6 

43.51 

0.40 
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tion  relation  which  has  been  used,  as  a  gi 

■ 


where 


v  =  k.p} 


(31a) 


:  iured    under 

of  adsorbent. 
■■  pressure. 


004   0.06  aoiooz 

Vo/ume  Per  G/H.  fOcC  and  760  MM.) 
Fig.  56 

In  this  equation  k  and  n  arc  constants  which 
depend  on  the  nature  of  both  the  adsorbent 
and  gas.  Since  this  relation  can  be  expressed 
in  the  form, 

log  »  =  '  „  log  p  +  log  A;  (31b) 

it  is  evident  that  if  p  and  v  are  plotted  on 
logarithmic  paper,  a  straight  line  should  be 
gives  the  value  of 
Fig.  55  shows  Claude's  data  plotted 
in  this  manner.  In  this  ease,  the  value  of  1  n 
is  approximately  unity,  corresponding 
linear  relation  between  />  and  v.     At  higher 

•l  The 

adsorbed    by   eta; 

ry  small. 


pressures  and  concentrations,  the  values  of 
1  n  tend  to  decrease  more  and  more  This 
is  illustrated  by  Titoff'i  results9  see  Table 
XVII  and  Fig.  56)  on  the  adsorption  of 
various  gases  by  coconut  charcoal. 

The    effect    of    increased    temperature    in 
decreasing    the    adsorptive    power    is    quite 
evident.    The  relative  adsorption  of  different 
at  the  sann  tem- 

perature   is    shown    by    the    following    data 
>le  XVIII)  given  by  Titoff. 

Miss  Ida  F.  Homfray  published  in   191010 
the   results   of   quite   an   elaborati 
measurements  on  the  adsorption  by  coconut 
shell  charcoal  of  argon,  nitrogen,  carbon  mo- 
noxide, carbon  dioxide,  methane  and  ethylene. 

The  observations  with  the  first  four  gases 
are  shown  graphically  in  the  curves  given  in 
Figs.  57  to  60.  The  temperatures  are  given 
in  degrees  absolute,  and  the  volumes  absorbed 
are  referred  to  the  constant  weight.  2.964  gm.. 
which  was  used  in  all  the  experiments. 

The  results  for  helium  are  of  interest." 
At  the  temperature  of  liquid  air.  the  following 
absorption  data  were  obtained  : 


JO  Z0304C5C60  70SO  9O/00J101Z0 
Vo/ume  per  i '964  GM  Charcoa.  I 


P  (mm.  of  Mercury) 


120. 
171. 
235 

4L'7  6 

705.0 


V  (Per  gm.  of  Charcoal) 


0.337 


TABLE  XVIII 
COMPARATIVE   ADSORPTION   OF   DIFFERENT   GASES    (Titoff) 

At  p  =  100  mm. 


Temperature 

-T9 

-23.5 

0 

30 

• 

0.79 

112.2 

0  227 
2.344 
30  U 
69.02 

1.178 



7.  16 

0.1633 

.,  -- 

h  solidifie 

i  at  -79. 
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The  sorption  of  hydrogen  by  charcoal  at 
temperature  of  liquid  air  has  been  specially 
investigated  by  J.  B.  Firth,1-  and  J.  W. 
McBain.13  Both  investigators  have  observed 
that  equilibrium  is  attained  in  this  case 
only  after  a  lapse  of  many  hours.  Most  of 
the  gas  is  apparently  condensed  instan- 
taneously on  the  surface  (true  adsorption). 
This  is  followed  by  a  gradual  diffusion  of  the 
hydrogen  into  the  charcoal  the  rate  of  which 
obeys  Fick's  law  of  diffusion,  as  shown  by 
McBain,  and  which  must  be  regarded  as  due  to 
solution  or  occlusion  of  the  gas  in  the  char- 
coal. Firth  finds  that  at  equilibrium  the 
relation  between  pressure  and  volume  of 
gas  absorbed  per  unit  weight  of  charcoal  is 
not  given  by  a  linear  relation,  but  by  an 
equation  of  the  form. 

v  =  k.p'4 

Table  XIX  gives  the  equilibrium  data 
observed.  The  pressures  are  given  in  mm. 
of  mercury,  and  V  gives  the  volume  absorbed 
(corrected"  to  0  deg.  C,  760  mm.)  per  gm. 
charcoal. 

McBain  on  the  other  hand  obtains  the 
relation 

v  =  k  p'- 
which  would  point  to  the  hydrogen  being 
absorbed  in  the  atomic  condition.  At  a 
pressure  of  19  mm.  and  the  temperature  of 
liquid  air  the  amount  of  hydrogen  taken  up 
per  gm.  of  charcoal  is  4  cm  3  (at  0  deg.  C.  and 
760  mm.)  which  is  much  less  than  that 
observed  bv  Firth. 


7  10  3C  to  SO  60  70  SO  9OJ00U0U01}O140K016OI7Olg02J0k00 
Vc/ume  per  Z9£4  CM.  Charcoal 

Fig.  58 

TABLE  XIX 
ABSORPTION   OF   HYDROGEN   BY   CHAR- 
COAL  AT   THE   TEMPERATURE   OF 
LIQUID  AIR   (Firth) 


p 

V 

P 

V 

9 

21.5 

90 

59.3 

17 

32.1 

126 

63.1 

30 

46.5 

186 

69.2 

51 

53.3 

245 

76.0 

5  i 

56.0 

Use    of   Charcoal    at    Low    Temperatures    in    High 
Vacuum  Investigation 

The  only  comprehensive  data  in  the  liter- 
ature on  adsorption  at  very  low  temperatures 
and  low  pressures  is  that  published  by  Claude, 
which  was  mentioned  above.  From  his  data 
it  is  possible,  assuming  the  linear  relation  to 


O  JO  ZO 3O405O6O  70 5090100]WKOBOmmi6C 
fo/ume  per  2964  CM.  Charcoal 


10  Z03040S060  70  0090100110120110140 
yo/ume  per,  z.  9s4  GM  Charcoal 

Fig.  60 

be  valid  down  to  very  low  pressures,  to 
calculate  the  amounts  of  nitrogen  and 
hydrogen  that  can  be  occluded  by  charcoal 
at  equilibrium  pressures  below  1  bar.  Table 
XX  gives  these  amounts  in  terms  of  the 
volume  measured  at  /  bar  pressure  (and 
0  deg.  C.) 

TABLE   XX 

ADSORPTION   OF   CHARCOAL   AT   LOW 

TEMPERATURES 

(Extrapolated  from  Claude's  data) 


Hydrogen  (T  =77.6) 

Nitrogen  (T  =  90.61 

P  (bars 

V 

P  (bars) 

v 

8. 

1. 

0.1 
0.01 

0.001 

106,0(1(1 

13,250 

1,325 

L33 

13 

5.3 

1 

0.1 

0.01 
0.001 

9,500,000 

1,800,000 

180,000 

18,000 

1,800 

■  Zeits.  physical  Chem..  86,  294  (19131. 


That  is,  at  a  pressure  of  0.01  bar  (which  is 
a  maximum  pressure  for  the  efficient  oper- 
ation of  hot  cathode  high  vacuum  devices). 
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m  of  charco  by  Claude) 

clean  up  aboul    130  cm.3  of  hydrogen 
nitrogen,  from  a  pressure  of 
1  liar  down  to  0.01  liar. 
Woodrow14    measured,    with    a    Kundsen 
the  amount  of  clean-up  of  different 
at  liquid  air  tempera 
Neither  the  volume  of   the  apparatu 
weight  given.    The  latter  was 

heated   under   simultaneous   evacuation    till 
5  X   10~6  mm.  of  mer- 
ogen,  oxygen,  or 
troduced  at  an  initial 
pressure  of  aboul  0.65  bar.  Therateof 
up  in  each  i  -ith  the  gauge  is 

shown  in  the  table : 

PRESSURE   IN   BARS 


Oxygen 

Nitrogen 

0.667 

0.600 

0.227 

1  min. 

0.020 

0.547 

0.002 

in. 

0.387 

1  hr. 

II.IHI, 

3  hrs. 

0.180 

10  hrs. 

ii  180 

0.007 

Miss  M,  Daly  and  the  writer  have  cai 
out  some  experiments  in  this  laboratory  on 
the  adsorption  of  gases  by  charcoal  at  low 
-atures.  Specially  activated  products 
(see  below),  supplied  us  by  the  kindness  of 
Dr.  F.  M.  Dorsey,  were  used  in  this  work. 
Pressures  wen-  determined  by  means  of  the 
ionization  gauge,  and  the  rate  of  clean-up 
observed  of  both  hydrogen  and  residual  gases 
present  after  sealing  off  the  pump.  In  the 
latter  ease  the  gauge  and  tube  containing  5 
gm.  charcoal  with  a  large  bulb  (total  volume 
=  3000  cm  i  were  well  exhausted  on  the  con- 
densation pump,  heating  the  charcoal  for  over 
an  hour  to  360  deg.  C.  After  sealing  this 
system  off  the  pump,  the  pressure  was 
measured,  and  then  liquid  air  put  on  the 
charcoal.     The    pi  cooling  the 

latter,   and   after,   were: 


V 

3 

i  cm.' 
3000  cm.3 

0.92 

0.0004 
0.0004 

It  may  be  noted  that  ivity  of  the 

galva-  -1  with  the  ionization  gauge 


was  such  thi  r  was  about  the  lowest 

ire  that  could  actually  be  measured. 

In  carrying  out  experiments  with  hydrogen, 

the   same  apparatus  was   used,  except   that 

another  side  tube  was  sealed  on  in  which  was 

ined    a    small    thin-walled    glass    pellet 

i  volume  of  3  cm.3)  filled  with  hydrogen  at  a 

known  pressure.     After  exhausting  the  gauge, 

i.e.    and    bulb,    this    system   was 

ntY.    the   hydrogen    pellet    broken    by 

shaking,  and  the  residual  pressure  observed 

:   ing  tin-  charcoal  tube  in  liquid 

air.      Five   gms.    of   activated    charcoal   was 

as   in   the  previous  experiments.      The 

residual  gas  pressure  was  also  measu red  ! 

breaking  the  pellet.     Table  XXI  shows  some 

of   the   results  obtained. 

In  general  it  required  about  an  hour  to 
attain  equilibrium.  In  accord  with  McBain's 
observations  mentioned  above)  it  was  found 
that  the  initial  condensation  was  followed  1a 
a  slow  diffusion  of  gas  into  the  charcoal. 

A  certain  fraction  of  this  clean-up  was  no 
doubt  due  to  the  action  of  the  gauge  itself. 
As  will  be  shown  in  a  subsequent  connection, 
there  is  an  electrical  clean-up  which  occurs  in 
all  hot-cathode  devices.  Furthermore,  in 
presence  of  a  heated  filament  atomic  hydro- 
.  formed  which  is  cleaned  up  at  the 
temperature  of  liquid  air.  A  blank  experi- 
ment carried  out  without  the  use  of  charcoal 
gave 

1"  =  340;  pressure  after  seal  off=  1.60  1  ar. 
On  breaking  the  hydrogen  pellet,  the  pres- 
sure rose  to  7  bars  then  fell,  owing  to  clean- 
gauge,  to  2  bars.  Liquid  air  was  put 
on  the  side  tube  and  the  pressure  fell  in  the 
course  of  (i  hours  to  0.16  bar.  On  removing 
the  liquid  air.  the  pressure  came  back  to  1.2 
bar. 

In    the   measurements   with   charcoal    the 
filaments  were  lighted  only  during  the 
time  necessary  to  take  a  pressure  reading,  so 
that  any  error  due  to  clean-up  in  the 
rtainly  not  very  large. 
It    is    evident    from    these    measure: 
that  with  a  charcoal  tube  immersed  in  liquid 
air  it  is  possible  to  absorb  apprecial  ile  vi  ilumes 
of  hydrogen  and  obtain  residual  gas  pressures 
of  less  than  0.0001  bar. 

Preparation  of  Charcoal.      "Activated  "  Charcoal 

The  methods  of  preparing  coconut  charcoal 
ed    by    M.  W.    Travers,15  J.  W.    Mr- 
Bain"  and   others    is   as   follows:     The    soft 
part  is  heated  in  a  muffle  furnace  for  several 
hours  at  just  below  a  red  heat  until  no  more 
•    is   evolved;   then   the   temperature   is 
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raised  to  a  dull  red  heat  for  30  seconds. 
After  introducing  the  charcoal  into  a  tube 
(and  before  use  as  an  adsorbent)  it  is  heated 
to  440  deg.  C.  (bath  of  boiling  sulphur)  for 
several  hours,  in  vacuo. 

As  mentioned  previously,  and  as  is  evident 
from  a  comparison  of  the  results  on  adsorption 
obtained  by  different  experimenters,  the 
absorbing  power  of  charcoal  is  influenced 
largely  by  its  structure,  that  is,  mainly  the 
porosity.  It  was  observed  that  charcoal 
from  the  shell  of  the  coconut  gave  a  much 
greater  absorption  per  unit  volume  of  char- 
coal than  that  obtained  from  less  dense  forms 
of  wood.  But -a  great  stimulus  to  the  investi- 
gation of  the  effect  of  structure  of  charcoal 
on  its  adsorbing  power  was  provided  during 
the  recent  war  by  the  necessity  of  developing 
a  highly  efficient  absorbent  for  gas  masks. 


during  evacuation,  a  decrease  in  absorptive 
power  (de-activation)  resulted. 

The  theory  was  advanced  that  the  succes- 
sive absorptions  of  air  oxidize  non-volatile 
hydrocarbons  present  in  the  charcoal.  As  a 
result  an  air-process  of  activating  charcoal 
was  evolved  which  consisted  essentially  of 
the  following  operations:18 

1.  Initial  distillation  of  cracked  coconut 
hulls  to  a  temperature  of  850  deg.  C.  to 
900  deg.  C,  and 

2.  "Air  treating"  this  carbonized  material, 
screened  6  to  14  mesh,  at  350  deg.  C.  to 

400  deg.  C,  for  a  certain  length  of  time. 
The  essential  characteristics  of  an  active 
charcoal  are:19 

1.  High   and  fine-grained   porosity. 

2.  The  presence  of  amorphous  base  carbon. 

3.  Freedom  from  adsorbed  hydrocarbons. 


TABLE   XXI 
CLEAN-UP   OF   HYDROGEN   BY   ACTIVATED    CHARCOAL    (M.  Daly  and  S.  Dushman) 


V 

After 
Sealing  Off 

Initial 
Press,  of 
Hydrogen 

Final 

Press,  at 

Room  Temp. 

Press. 
At  Liquid 
Air  Temp. 

3025 
100 

3025 
100 

0.0180  bar 
0.104  bar 
0.022  bar 

ill's  bar 

0.31  bar 
8.64  bar 
8.33  bar 

17.7  bar 

0.014 
0.02 
2.(1 
0.24 

0.0004 
0.0004 
0.15 
0.0016 

As  a  result  there  was  evolved  a  technique  for 
the  production  of  a  specially  active  form  of 
charcoal  which  will  no  doubt  be  of  equal 
utility  in  the  peaceful  art  of  vacuum  pro- 
duction.17 

Lemon  observed  in  1915  that  different 
samples  of  charcoal  made  from  the  same 
material  (coconut  shell)  showed  very  wide 
variations  in  absorptive  power.  It  was 
found  that  this  was  due  to  variations  in  heat 
treatment  and  that  a  considerable  increase 
in  absorptive  power,  "activation,"  could  be 
produced  by  repeated  evacuations  at  650  deg. 
C,  each  evacuation  being  followed  by  an 
absorption  of  air  at  the  temperature  of  liquid 
air.  On  the  other  hand,  by  treating  the  char- 
coal to  between  800  deg.  C.  and  900  deg.  C. 

17  The  results  of  the  investigations  on  this  subject  carried  out 
by  the  Chemical  Warfare  Service,  U.  S.  A.,  have  been  published 
mainly  in  the  following  papers: 

A.  B.  Lamb,  R.  E.  Wilson,  and  N.  K.  Chanev,  Journ.  Ind.  and 

Eng.   Chem.   11,  420,  1919.  on  "Gas    Mask  Absorbents." 

F.  M.   Dorsey.  ib.  11,  2S1,  1919,  on  the  "Development  of 

Activated  Charcoal.*' 
H.  B.  Lemon,  Phys.  Rev.  H,  282.  Oct.  1919. 
The  writer  is  indebted  to  these  publications  for  the  information 
on  the  properties  and  preparation  of  activated  charcoal, 
'»  F.  M.  Dorsey,  loc.  cit. 
"A.  B.  Lamb,  R.  E.  Wilson  and  N.  K.  Chancy,  loc.  cit. 


To  secure  these  objects  it  is  necessary 
to  use  dense  woods,  carry  out  the  distillation 
at  relatively  low  temperatures,  and  then 
oxidize  the  hydrocarbons  without  injuring  the 
carbon  base  to  any  measurable  extent.  "The 
permissible  range  of  temperatures  for  the 
latter  operation  is  a  relatively  narrow  one, 
only  about  50  to  75  deg."  For  air  oxidation 
this  lies  between  350  and  450  deg.  C.  Sub- 
sequently a  steam  process  of  activation  was 
adopted,  and  for  this  reaction  the  optimium 
temperature  is  between  S00  deg.  and  1000  deg. 
C.  Other  methods  of  activation  have  been 
used  in  Europe.  All  these  processes  yield 
charcoal  which  is  much  more  active  than  that 
obtained  by  the  simple  distillation  process 
used  at  one  time. 

"From  a  study  of  the  slope  of  the  vapor 
pressure  curves  of  liquids  adsorbed  upon  such 
charcoal,  the  indications  are  that  the  pores 
have,  if  a  cylindrical  form  be  assumed,  an 
average  diameter  of  about  5X10-7  cm.  On 
this  basis,  1  cm.3  of  active  charcoal  would  con- 
tain about  1000  sq.  meters  of  surface." 

The  density  of  activated  charcoal  from 
coconut   shells  is  about  0.4.      Hence    1    gm. 
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would    contain    about    2500    sq.    meters   of 

surface.      Assuming    that    the    clean-up    by 

charcoal   is  due   to  a   condensation   of   gas 

ules  on  the  surface,  and  that  the  diam- 

i  >f    a     hydrogen     molecule    is     about 

2X10-8  cm.,  it  would  require  approxin 

2,1 )i ii i  cm.'  (measured at  0 deg. C. and  71 II >  mm. ) 

to  cover  the  sur  of  charcoal. 

tred  with  this  the  absorptions  obtained 

by  Miss  Homfray,  Titoff  and  Firth,  even  at 

atmospheric  pre-  r    low,  which  may 

be    accounted    for    partly    by    the    smaller 

porosity  of  the  charcoal  used  by  them. 

As  mentioned  above,  the  results  obtained 
by  the  use  of  active  charcoal  in  high  vacuum 
•  nations  carried  out  in  this  laboratory 
have  been  very  encouraging.  It  is  hoped 
that  we  will  be  able  to  publish  the  results 
of  further  experiments  on  this  subject  in  the 
near  future.-" 

(II)      ABSORPTION    OF    HYDROGEN     BY 
PALLADIUM    BLACK 
Absorption  Relations 

Palladium,  on  being  heated,  allows  hydro- 
gen to  pass  through  it  quite  freely.  This 
observation  was  utilized  in  early  forms  of 
gas-tilled  X-ray  tubes  to  soften  tubes  which 
became  hard  because  of  electrical  clean-up. 
Further  investigation  has  shown  that  the 
phenomenon  is  due  to  the  absorption  of 
hydrogen  which  then  diffuses  through  the 
metal  into  the  tube. 

This  absorption  of  hydrogen  by  palladium 
has  been  studied  by  a  number  of  investiga- 
tions. Hoitsema21  found  that  at  temperatures 
above  100  deg.  C,  the    absorption   law  is, 

v  =  k  \-'/> 

where  ;•  denotes  the  volume  absorbed  per 
unit  weight  and  p  is  the  pressure.  This 
indicates  that  the  hydrogen  is  occluded  in 
the  atomic  condition.  The  absorption  was 
measured  at  pressures  ranging  from  1  to 
"iin  in  mm.  and  at  temperatures  from  0  deg.  to 

hough  not  bearing  directly  on  the  topic  of  this  discussion. 
t  is  of  interest  to  observe  that  the  selective  absorption  of  different 
gases  by  charcoal  may  be  used  for  the  purification  of  gases. 
Thus,  where  it  is  desirable  to  obtain  pure  helium,  charcoal  in 
liquid  air  may  be  used  to  absorb  impurities  such  as  nitrogen, 
oxygen  and  even  hydrogen.  Similarly  the  latter  gas  may  be 
freed  of  traces  of  nitrogen  and  oxygen.  In  this  connection  the 
following  recent  publications  may  be  consulted: 

(1)  H.  B.  Lemon  and  K.  Blodgctt.     Studies  of  the  Absorp- 
tion of  Gases  by  Charcoal.     Ph  I  1 1920). 

K-  E.  Wilson.     Note   on    the  Adsorption    of    Nitrogen 
and  Oxvgen  by  Charcoal.     Phvs.  Re-. 
(3)  H.  H.  Sheldon.  Charcoal  Activation.    Phvs.  Rev 

i  Zeits.  physikal.  Chem.  17,  (1895) 

ileal.  Chem.  8S.  103  and  4.")1  1 1014).     This  paper 
contains  numerous  references  to  previous  literature. 
physikal.  Chem. 
rh.  d.  deutsch.  physikal.  Ges.     i,  1003  U911). 


The  results  have  then-fore  no 
bearing  on  the  utility  of  palladium  as  an 
absorbent  at  low  pressures  and  low  tem- 
peratures. It  may  be  stated  that  both 
metal  foil  and  palladium  black  (described 
below)  were  used  in  this  investigation. 

A.  Sieverts22  has  also  investigated  the 
behavior  of  hydrogen  and  palladium  (wire, 
foil  and  "black"),  with  a  view  to  evolving  a 
satisfactory  theory  of  the  phenomenon.  He 
considers  that  the  absorption  is  a  true  case  of 
solution.  The  range  of  pressures  used  was 
from  1  to  760  mm.  and  the  solubility  deter- 
minations were  carried  up  to  temperatures 
as  high  as  820  deg.  C.  The  solubility  was 
found  to  van-  with  the  nature  of  the  sample 
used.       At    higher    pressures,     the    relation 

v  =  k\   p+klp 

was  found  to  be  more  in  accord  with  the 
data.  This  relation  was  obtained  for  all  the 
samples. 

A  Holt,  E.  C.  Edgar  and  J.  B.  Firth23  have 
concluded  that  palladium  can  exist  in  the 
form  of  both  active  and  inactive  modifi- 
cations, as  far  as  absorption  is  concerned, 
and  the  activity  of  any  sample  decreases 
with  time.  By  heating  (in  hydrogen)  the 
absorbing  power  can  be  revived.  Further- 
more, palladium  shows  phenomena  of  dif- 
fusion similar  to  those  observed  by  McBain 
in  the  case  of  hydrogen  and  charcoal. 

S.  Valentiner  has  carried  out  a  series  of 
measurements  on  the  absorption  of  hydrogen 
at  relatively  low  pressures.24  The  results 
obtained  were  not  very  satisfactory.  At  the 
same  equilibrium pressureitwas  found  possible 
to  absorb  amounts  of  gas  which  differed  for 
different  samples.  Apparently  the  absorbing 
power  varies  not  only  with  the  degree  of 
fineness  of  the  palladium  black  but  also  with 
its  subsequent  heat  treatment  during  evacua- 
tion. The  writer  has  made  the  same  obser- 
vations on  different  samples  of  the  material 
w-ithout  being  able  to  determine  the  cause 
of  this.  Some  of  the  data  obtained  by 
Valentiner  are  tabulated  in  Table  XXII.  The 
remarkable  increase  in  absorptive  power  at 
—  190  deg.  C.  is  quite  evident,  although  the 
actual  absorptions  for  the  same  equilibrium 
pressure  vary  widely.  In  the  table,  P  gives 
the  pressure  in  mm.  of  mercury,  and  1*  the 
volume  at  standard  pressure  and  temperature 
per  gm.  of  palladium  black. 

Compared  with  the  absorption  of  hydrogen 
by  charcoal  (Claude's  data,  Table  XVI),  the 
absorption  by  palladium  at  liquid  air  tem- 
perature is  observed  to  be  much  greater. 
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Preparation  of  Palladium  Black 

The  method  of  preparation  has  been  de- 
scribed by  Hoitsema.25  With  slight  variation 
this  method  has  been  used  by  the  writer  as 
follows:  The  palladium  in  the  form  of  sheet 
or  wire  is  dissolved  in  aqua  regia,  evaporated 
on  a  water  bath  till  acid  vapors  have  dis- 
appeared; the  solution  is  then  diluted, 
warmed,  and  concentrated  solution  of  sodium 
carbonate  added  to  neutralize  free  acid.  A 
slight  amount  of  acetic  acid  is  then  added,  the 
solution  is  warmed,  and  a  warm  concentrated 
solution  of  sodium  formate  added.  The 
palladium  comes  down  as  a  black  flocculent 
precipitate  which  settles  rapidly  at  the 
bottom  of  the  beaker.  The  supernatant  liquid 
is  decanted,  and  the  precipitate  washed  with 
distilled  water  till  the  wash  water  shows  no 


Experiments  on  the  Use  of  Palladium   Black   in  the 
Production  ol  High  Vacuua 

A  number  of  experiments  have  been  carried 
out  in  this  laboratory  by  Mr.  A.  G.  Huntley, 
Miss  M.  Daly  and  the  writer.  While  the 
behavior  of  palladium  black  was  found  to  be 
extremely  erratic,  the  results  obtained  showed 
that  it  is  possible  to  obtain  samples  which 
possess  very  high  absorbing  power. 

An  ionization  gauge  with  an  appendix  con- 
taining about  1  gm.  of  palladium  black  was 
well  exhausted  on  a  condensation  pump  and 
sealed  off  at  a  residual  gas  pressure  of  about 
0.2  bar  (the  gas  consisting  probably  of  nitrogen 
and  hydrogen).  On  immersing  the  appendix 
in  liquid  air,  the  pressure  decreased  to  0.004 
bar  with  the  gauge  filament  lighted .  On  turn- 
ing off  the  filament  for  some  time,  and  then 


TABLE  XXII 
ABSORPTION   OF   HYDROGEN   BY   PALLADIUM   BLACK    (Valentiner) 


Temp.  = 

20°  C 

Temp. 

=  20°  C 

Temp.  = 

-190°  C 

P 

V 

P 

V 

P 

V 

0.001 

0.10 

0.014 

0.27 

0.0005 

2.05 

0.005 

0.26 

0.031 

0.33 

0.0015 

2.11 

0.037 

0.40 

0.056 

0.37 

0.001 

3.06 

0.110 

0.52 

0.087 

0.41 

0.001 

9.1 

0.190 

0.59 

0.184 

0.49 

0.002 

33.0 

0.315 

0.70 

0.30 

0.55 

0.005 

40. 

0.52 

0.82 

0.52 

0.61 

0.012 

47.2 

0.76 

0.92 

0.88 

0.67 

0.025 

63.0 

traces  of  chlorides.  The  palladium  "black" 
is  then  washed  with  alcohol  and  transferred 
to  a  U-tube,  where  it  is  dried  by  blowing  air 
over  it  and  then  evacuated  on  a  rough  pump. 
The  U-tube  ought  to  have  side  tubes  through 
which  gas  can  be  passed  and  constrictions  at 
which  it  can  be  sealed  off  later.  After  the 
rough  evacuation  (with  slight  warming  of  the 
U-tube),  hydrogen  is  passed  over  the  palla- 
dium black  for  some  time,  and  while  the  gas 
is  still  passing  through  the  tube  the  latter  is 
sealed  off  at  the  constrictions.  This  leaves 
the  palladium  black  in  equilibrium  with 
hydrogen  and  it  can  be  kept  active  for  a 
long  time. 

For  use  in  exhaust  work,  the  U-tube  is 
opened  and  a  sample  transferred  to  a  tube 
such  as  is  used  in  the  case  of  charcoal.  It 
is  well  to  cover  the  top  of  the  palladium  black 
with  glass  wool  in  order  to  prevent  it  from 
being  drawn  into  the  rest  of  the  apparatus 
when  vacuum  is  applied. 


lighting  it  for  an  instant,  the  pressure  was 
observed  to  have  decreased  still  further  to 
0.0005  bar.  Apparently,  there  is  a  continual 
slight  evolution  of  gas  from  the  walls  of  the 
gauge  and  filament  leads  even  after  the  metal 
parts  have  been  bombarded  for  a  long  time. 
In  other  experiments  pressures  as  low  as 
0.0001  bar  were  obtained  in  a  sealed  off 
gauge  with  a  palladium  tube  immersed  in 
liquid  air. 

A  nttmber  of  experiments  were  carried  out 
using  palladium  black  for  absorbing  the 
residual  gases  in  a  small  kenotron  exhausted 
on  an  oil  pump  only.  An  ordinary  lamp 
exhaust  system  was  used  giving  an  exhaust 
pressure  of  about  1  bar.  A  few  milligrams 
of  palladium  black  were  placed  in  a  kenotron 
(about  100  cm.3  volume)  which  contained  a 
6-volt  2.5-ampere  tungsten  filament  and  a 
cylindrical  molybdenum  anode  about  }4  m- 
in  diameter  by  J4>  in.  in  length.  The  tube  was 
exhausted  on  the  oil  pump,  with  simulta- 
neous heating  in  an  oven  for  30  minutes  at 
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360    deg.  C ,   and  ifl       The    metal 

■  imbarded    to   a    w  hite 

i  he  filament  cathode.     The 

gas  evolved   were  absorbed  rapidly  bj    the 

in  spite  of  its  being  above 
temperature,  and   finally  the  vacuum 
became    :o  good  thai  excelleni  space  charge 
characteristics  were  obtained.    Special  experi- 
ments showed   that  in  order  to  obtain    this 
condition  the  pressure  must  be  at  least  as  low 
1  .1  lar.    Thus  even  with  a  few  milh 
illadium  black  at  room  temperature  it 
lossible  i"  cleanup  appreciable  quanti- 
ties of  gas.      Similar   results   were   obi 
time  after  time.     In  fact  a  large  number  of 
small  kenotrons  and  pliotrons  were  exhausted 
in    this    manner    with     the    regular    exhaust 
m  used  in  lamp  factories,  and  without 
o         a  condei    ation  pump  or  liquid 
air. 

»  Jour..     I  (1919 


As  sub  e  [uenl  investigation  showed  that 
the  same  results  could  be  obtained  with  the 
very  much  cheaper  activated  charcoal,  and 
furthermore,  as  some  samples  of  palladium 
black  absolutely  failed  for  some  undeter- 
mined] .ict  as  absorbent,  this  method 
v. a  used  for  only  a  short  time.  The  results, 
however,  suggest  interesting  possibilities  in 
the  production  of  high  vacua  by  means  of 
palladium  black  and  further  investigation 
oughl  to  be  carried  out  with  a  view  to  deter- 
mining definitely  the  conditions  under  which 
it  can  be  made  active.  It  has  been  recently 
shown  by  E.  B.  Maxted26  that  hydrogen 
sulphide  inhibits  the  absorbing  efficiency 
of  palladium  black.  Similar  facts  have  been 
known  for  a  long  time  in  the  case  of  various 
metallic  catalysts,  and  probably  the  same 
causes  influence  the  behavior  of  palladium 
black. 


A  New  Form  of  Sectional  Drive  for  Paper  Machines 

By  W.  W.  Cronkhite,  W.  L.  Merrill  and  H.  W.  Rogers 

POWES    \M.    Minim.   DEPARTMENT,  GENERAL  ELECTRIC  COMPANY 

■  installation  described  in  this  article  is  the  fact  that  an  immense  sum  of  money 
aper  machine  that  was  wholly  dependent  for  operation  upon  a  svstem  of 
lied  to  regular  commercial  production.     Existing  forms  of  drives  could  I 

1.      The  merits  of  the  system  proposed  by  the  electrical  manu- 
;.i   i  In    ]>. . |..r  manufacturer  was  willing  to  place  the  order  for  the  paper  machine  on 
the  fori  I    ili.it  the  clecttical  equipment  would  perform  the  functions  required  of  it.     The  installa- 

tion is  in  every  waj  and  thus  again  has  electricity  performed  a  task  that  was  impossible  by  other 

]    DITOF 

For  years  steam  engines  with  mechanical 
speed  changing  devices,  belts,  cones,  gears  and 
clutches  have  been  used  for  driving  paper 
machines  and  this  form  of  drive  is  still  used 
extensively  on  smaller  machines.  In  the  past 
two  years  the  demand  for  higher  speeds  and 
larger  machines  has  created  the  necessity 
of  finding  a  new  method  of  applying  power  to 
a  paper  machine,  in  order  to  eliminate  the 
instability  of  the  belt  and  cone  drive  resulting 
from  load  changes,  belt  stretching,  etc.,  and 
also  to  provide  a  method  other  than  the  use  of 
clutches  for  starting  the  heavy  dryer  sections. 

The  electrical  operation  of  paper  machines 
during  the  past  has  practically  been  confined 
i  use  of  a  single  unit,  either  belt  or  direct- 
connected  to  the  variable  speed  line  shaft,  the 
I  range  being  obtained  by  a  combination 
of  voltage  and  field  control  on  the  motor, 
which  was  driven  from  a  generator  usually 
belted  to  the  constant  speed  shaft  or  direct 
to  the  steam  engine  driving  the  constant  speed 
shaft.  Where  steam  engines,  were  not  used 
this  generator   formed   a  part  of  a  synchro- 


The  driving  of  paper  machines  presents  a 
number  of  problems  thai  are  peculiar  to  the 
process,  and  this  matter  has  been  the  svj 
of  much  study  by  paper  mill  engineers  for 
many  years.  In  making  paper  we  have  to 
deal  with  a  continuous  web  which  starts  over 
the  machine  containing  approximately  1  per 
cent  stock  and  99  per  cenl  water  and  comes 
out  as  a  finished  product  approximately  95 
per  cent  soldi  stock  and  5  per  cent  moisture. 
Consequently  very  close  speed  control  must 
In  machine,  which 
is  usually  divided  into  at  least  eight  separate 
and  distinct  sections.  In  addition,  it  is 
i  itive  equipment  permit 
i  ile  machine 
over  a  widi  iften   as  great   as    1 0:1. 

The  drive  mu:  I  also  I" 
individual  speed  adjustment  of  each  sei 
at  all  ;  amount  of 

d  draw  in  the  paper  as  i1  passes  from 
mof  I  he  machine. 
and  drawvaries  from  time  to  timedue  to  stock, 
heric  and  steam  conditions. 
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rous  motor-generator  set,  which  was  operated 
from  the  mill  circuit.  The  adjustment  of  the 
draw  and  starting  of  the  various  sections  of 
the  machine  are  accomplished  in  the  same 
manner  as  with  engine  drive,  that  is,  by  cones, 
belts  and  clutches. 


In  order  to  visualize  the  problem  of  apply- 
ing a  sectionalized  drive  to  a  paper  machine 
the  diagram,  Fig.  1,  should  be  studied.  ,4 
represents  one  of  the  dryer  sections  of  the 
machine,  consisting  of  a  cylinder  5  ft.  in 
diameter,    168   in.    long,  weighing    150   tons, 
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with  the  weight  c<  lal  theperiphery, 

and  running  at  a  peripheral  speed  up  ti 
f.p.m.  with  a  friction  load  varying  from  20 
to  30  h.p.     B  represents  another  section  of 
the  machine,  which  may  be  one  of  the  - 
28  in.  in  diameter  with  practically  zero  WR-. 


Fig.  2.      Illustrating  Problem  of  Sectionalized 
Paper  Machine  Drive 

and  a  friction  load  varying  from  30  to  6o  h.p. 
according  to  adjustment  of  the  weights. 

The  speeds  of  .1  and  />'  must  be  relatively 
uniform  under  all  of  these  conditions  and  in 
addition  must  be  capable  of  an  infinite  num- 
ber of  adjustments  throughout  a  small  range 
for  either  section.  Under  these  conditions  the 
problem  amounts  virtually  to  belting  these 


further  complicate  the  problem  the  average 
machine  has  at  least  eight  sections  and  some 
machines  have  as  high  as  eleven. 

Therefore  the  most  obvious  method  of 
accomplishing  this  drive  is  to  rigidly  tie 
together  the  various  sections  so  that  when  the 
i  s  on  any  section  it  will  be  reflected 
through  and  be  absorbed  by  the  whole 
machine;  thus  the  speed  of  that  particular 
section  is  not  permitted  to  change  due  to 
change  in  load  and  the  need  for  subsequently 
isting  the  speed  by  means  of  motor- 
driven  rheostats  or  other  regulators  is 
obviated. 

A  new  form  of  sectionalized  motor  drive 
for  paper  machines  has  been  developed  by 
the  General  Electric  Company  in  which  full 
leration  has  been  given  to  these  require- 
ments. Each  section  is  driven  by  an  inde- 
pendent motor,  the  speed  of  which  with 
relation  to  the  speed  of  the  other  sections  may 
be  regulated  to  suit  the  requirements,  and 
when  once  adjusted  will  retain  this  relation- 
ship as  positively  as  though  geared  together. 

A  typical  form  of  this  new  drive  has  been 
supplied  to  the  mills  of  the  Crown-Willamette 
Paper  Company,   West   Linn,   Oregon.     The 


Fig.  3.      Reel  and    Calendar  Protective  Panels  and  Co 


two 

approximately  50  per  cent  dry.  with  belt 
centers  varying  from  4  ft.  to  1  1  ft.,  and  to 
each  section  with  a  separate  motor 
continuously  without  breaking  the  paper  C 
by  a  change  in  speed  of  the  sections.    To  still 


machine  which  consists  of  nine  sections 
is  employed  in  the  manufacture  of  newsprint 
and  is  designed  for  high  speed  operation,  pro- 
ducing paper  164  in.  wide  at  a  rate  of  1000 
er  minute.  The  first  section, -known  as 
the    Fourdrinier   end,    receives   the   stock   in 
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liquid  form  and  delivers  it  to  the  first  press. 
There  are  four  other  press  sections  which  still 
further  reduce  the  moisture  content.  Next 
in  sequence  are  the  dryer  sections  which  dry 
the  paper  as  it  is  received  from  the  presses. 
The  next  section  is  the  calender  stack,  which 
puts  the  finish  on  the  sheet.  The  last  section 
is  the  reel,  which  winds  the  paper  in  rolls 
and  must  synchronize  with  the  rest  of  the 
machine. 

The  main  power  supply  for  this  machine 
consists    of    a   1000-h.p.,   3600-r.p.m.   geared 


the  generator.  The  motors  have  the  same 
speed  regulation  from  no  load  to  full  load. 
The  sections  are  started  and  stopped  by 
means  of  drum  controllers  and  protective 
panel,  shown  in  Fig.  2. 

The  novel  feature  of  the  installation  con- 
sists of  20-h.p.  synchronous  motors,  one  of 
which  is  mounted  on  the  base  of  each  of  the 
direct-current  motors  and  is  connected  to  the 
main  motor  by  means  of  a  fabroil  gear  and  a 
pair  of  cones  belted  together  with  an  8-in. 
double  ply  belt.     The  function  of  these  syn- 


o    0 


Fig.  4.     One  of  the  Motor  Units  for  Sectionalized  Drive  of  Newsprint  Machine  at  the  Mills  of  the 

Crown-Willamette  Paper  Company,  West  Linn,  Oregon.     Nine  of  these  units  are 

employed  to  drive  the  various  sections  of  the  paper  machine 


turbine  driving  a  600-kw.,  250-volt,  900-r.p.m. 
direct-connected  generator  and  exciter.  Eight 
sections  of  the  paper  machine  are  each  equip- 
ped with  a  100-h.p.,  136-r.p.m.  shunt-wound 
motor  direct  coupled,  while  the  reel  is  driven 
by  a  direct  coupled  motor  of  30  h.p.  These 
nine  motors  are  supplied  with  power  on  a 
Ward  Leonard  system  from  the  turbine 
generator,  and  the  speed  of  the  machine  as  a 
whole  is  controlled  by  the  voltage  of  this 
generator,  the  fields  of  the  motors  being 
excited  from  the  same  excitation  source  as 


chronous  motors  is  to  rigidly  tie  together 
the  various  sections  of  the  paper  machine  and 
maintain  a  positive  unvarying  speed  relation 
between  them. 

In  the  ordinary  operation  of  making  paper 
it  becomes  necessary  to  increase  or  decrease 
the  load  on  some  particular  section  as  con- 
ditions vary,  and  the  function  of  these  syn- 
chronous machines  is  to  absorb  this  change  in 
load  and  distribute  it  over  the  entire  machine, 
thus  preventing  the  change  in  load  on  the 
section  from  varying  the  speed  of  the  direct- 
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currenl  mpled  to  it.    This  is  accom- 

plished   by    i  all   the  s; 

machines  to  a  deai  I 

une  that  the  machine  is  running  under 

ha1  the  belts  are  in  the 

proper   position   on   all   of  the  synchronous 

machines  but  one  for  maintaining  the  desired 

peed  difference  between  sections),  and 

desires  to  increase  the  speed 

one  section  without  disturbing  thi 

cedure  is  ;      i  Hows: 

which     operates    the    bell 

-  i  me  pulleys  is  turned  in  the 

■  ■    direction   until    the  desired   speed  is 

i  ibtained 

Shifting  the  belt  in  this  ease  tends  to  slow- 
up   the  synchronous  machine,  but  since  its 
speed  cannol  be  altered  i1  assumes  a  portion 
load  and  draws  power  from  the  dead 
1ms.  each  of  the  other  synchronous  machines 
functioning  as  generators  to  supply  the  power. 
The  synchronous  motor  thus  relieves  the  load 
on  the  direct-current  motor  of  this  particular 
■I    and    the    latter    motor    speeds    up 
dingly. 
Now  by  slightly  weakening  the  field  of  the 
mam     driving    motor    a     flux     condition    is 
oad  from  the 
synchronous  motor  to  the  main  driving  motor 
without  changing  its  speed 

Slowing  down  any  section  is  of  course 
d  in  a  manner  the  opposite  of  this,  the 
synchronous  machine  in  this  ease  serving  as  a 
load  brake  on  this  particular  direct -current 
motor  by  acting  as  a  generator  and  delivering 
the  power  to  the  dead  bus,  which  is  equally 
absorbed  by  the  remaining  eight  machines. 

From  this  description  of  the  method  of 
changing  the  speed  of  any  section  it  is  evident 
that  any  change  in  load  inherent  in  the 
operation  of  the  machine,  such  as 
result  from  changing  weights  on 
increasing  the  sue!  inn  on  the  wire,  or  partic- 
ularly the  transfer  of  a  pari  of  the  load  of  the 
last  dryer  section  to  and  from  the  calender 
due  to  tin-  tench"  cy  i  lack  to  pull 

dryers,  is  absorbed  by  the  motors  <a  the 
entire  machine  and  1  i  acking  up  of 

the   dryers    occurs    when    the    paper    I 

and   the  calender.     No 
■  \  by  the  op  a  irrect 

ion  which  is  inherent  in  mechani- 
cally driven  machines.    These  machines  are  of 


t;    to  lake  .are  of  these  various 
changes  withoul  adjustment  of  the  rheo 

her  advantages  incidental 
to  this  drive,  in  particular  the  ability  to  slow- 
down any  or  all  of  the  presses  during  the  wash- 
up  period,  and  the  very  slow  speed  of  a  few 
>er  minute  for  inspecting  the  wire,  for 
spotting  the  dryers  for  sewing  tears,  and  for 
puttin  dr^er   jackets    and    carrier 

e  reversible  feature  of  the  drive 
also  is  of  advantage  in  handling  the  clothing 
on  the  dryers  as  well  as  in  backing  up  the 
calender  stack  when  it  accidentally  becomes 
plugged 

( iiir  .if  the  novel  features  of  this  drive  is  its 
adaptibility  to  very  low  speed  machines 
with  direct-connected  motors,  by  which  are 
eliminated  the  maintenance  and  attendance 
troubles  that  could  be  expected  if  inter- 
mediate reduction  gears  were  interposed 
between  the  motor  and  the  intake  shaft. 
On  one  of  these  drives  which  the  General 
Electric  Company  is  now  supplying  the 
motors  are  designed  for  operation  at  15  r.p.m. 
and  in  tests  made  at  the  mill  of  the  Crown- 
Willamette  Company  no  trouble  was  experi- 
enced from  unstableness,  even  with  the 
machine  running  at  a  paper  speed  of  75  ft. 
per  min.,  which  is  a  corresponding  motor 
speed  of  10.2  r.p.m. 

The  credit  for  the  initial  installation  belongs 
t .  i  A .  J.  Lewthwaite  of  the  Cr<  iwn  Willamette 
Paper  Company,  and  Stewart  D.  Lansing  of 
the  Badgley  &  Sewell  Companv,  who  were 
quick  to  realize  the  possibilities  of  this  method 
of.  drive.  Their  sound  judgment  has  been 
amply  substantiated  by  the  unqualified  suc- 
cess of  the  equipment. 

Besides  the  installation  at  West   Linn,  the 

ral  Electric  Company  is  buildiitg  el 

more   of   these  equipments  for  some   of   the 

paper  companies  in  the  United  States 

and  Canada.     One  of  these  is  for  a  news  ma- 

.  which  will  make  paper  at  1200  r.p.m. 

Other  papi  r  machine  drvies  include  equip- 
ments for  book  machines  with  a  speed  varia- 
tion of  6:1.  These  will  be  196-in.  machines,  the 
largest  book  machines  in  the  world,  and  will 
make  paper  from  100  to  600-ft.  per  min.  with 
an  ample  margin  below  this  for  wire  inspec- 
tion, adjustment  of  clothing,  etc:  this  entire 
Mined  by  the  adjustment  of 
a  single  rheostat  conveniently  loci 


Stress  Determination  by  Means  of  the  Coker 
Photo-elastic  Method 

By  A.  L.  Kimball,  Jr. 

Research  Laboratory,  General  Electric  Company 

The  optical  system  of  the  apparatus  used  for  determining  stress  by  polarized  light  is  analyzed  in  the 
following  article  and  an  explanation  is  given  of  the  operation  of  a  polarizing  prism  and  of  the  quarter^wave 
plate.  The  nature  of  stress  and  how  it  influences  polarized  light  is  briefly  considered  with  an  explanation  of 
the  color  effects  produced.  A  proof  of  the  quantitative  law  of  variation  of  light  intensity  with  stress  for  one 
color  is  given  for  the  standard  set-up  of  the  apparatus. — Editor. 

Introduction 

The  Coker  Photo-elastic  Method  as 
instituted  at  the  General  Electric  research 
laboratory  affords  a  means  of  direct  measure- 
ment of  stress  in  any  ordinary  member  in 
which  the  stresses  lie  in  one  plane.  This  is 
accomplished  by  the  use  of  polarized  light 
and  extensometer  measurements  made  on 
transparent  models  of  nitro  cellulose. 

The  general  method,  the  apparatus  used 
and  various  applications  arc  described  in  the 


detail,  namely,  the  optical  theory  involved, 
whereby  definite  stresses  produce  definite 
colors. 

Fig.  1  shows  the  optical  apparatus  used  and 
Fig.  2  a  diagrammatic  representation  of  the 
set-up  and  of  the  path  of  the  light  rays. 

General  Description  of  Apparatus 

Light  from  a  source  A  (Fig.  2)  passes 
through  a  condensing  lens  B  .and  water  screen 
C  (to  reduce  the  heat  rays)  and  is  then  passed 


JbS. 


Fig.  2.     Schematic  Diagram  of  Optical  Set 


series  of  articles  by  Dr.  Coker  which  are  being 
published  in  current  numbers  of  the  General 
Electric  Review. 

In  this  article  it  is  proposed  to  consider 
a  particular  aspect  of  the  subject  in  some 


through  a  polarizer  D.  This  unit  consists  of 
two  41-2-in.  condensing  lenses  and  two  small 
concave  lenses  arranged  as  shown  in  Fig.  3 
in  combination  with  a  Nicol  polarizing  prism 
of  Iceland  spar.     The  latter  is  of  less  than  one 
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inch  circular  aperture,  but  with  the  com- 
bination  of  lenses  gives  a  4j^-in.  beam  of 
polarized  light.  We  thus  have  accomplished 
antially  what  a  Xicol  prism  of  4]2-in. 
circular  aperture  would  do  were  there  any 
ainable.      The  plane  polar- 


ized light  is  then  passed  through  a  quarter 
wave  plate  of  mica,  J,  which  .-liters  it  to 
circularly  polarized  light,  which  in  turn  is 
passed  through  the  transparent  specimen 
r  examination  to  which  is  applied  the 
required  stress.  This  specimen  is  in  the 
plane  marked  P,  the  light  passing  normally 
through  it.  The  light  then  passes  through 
lenses  E,  F,  and  G  and  through  the  quarter 
wave  plate  K  which  is  similar  to  J  except 
that  its  axis  is  at  90  deg.  to  that  of  J,  and 
therefore  counteracts  the  effect  of  J.  The 
resulting  light  is  analyzed  by  the  polarizer  H 
with  its  plane  of  polarization  90  deg.  to 
that  of  the  polarizer  D.  The  light  is  finally 
projected  upon  the  screen  I  so  that  points  in 
either  the  plane  P  or  Q,  in  whichever  the 
specimen  is  placed  are  brought  to  a  focus  on 
this  screen  (see  Fig.  2).  The  colors  produced 
depend  directly  on  the  stress  distribution  in 
the  specimen. 

Detailed  Statement  of  Theory 

After  passing  through  the  condensing  lens, 
which  gives  an  approximately  parallel  beam, 
and  a  water  screen,  the  light  passes  through 
the  polarizer  as  described  which  contains 
a  polarizing  Xicol  prism  of  Iceland  spar. 
Iceland  spar  is  a  crystalline  form  of  Ca  C03, 
often  called  calcite,  which  has  the  peculiar 

rty  of  transmitting  light  waves  whose 
vibrations  are  parallel  to  a  particular  direction 
in  the  crystal,  called  the  optic  axis,  with 
greater  velocity  than  vibrations  perpendicular 
to  this  axis.  When  a  ray  of  light  passes  into 
the  crystal  as  shown  in  Fig.  4.  in  a  plane 
parallel  to  the  optic  axis  ( the  cross  hatching 
being  parallel  to  the  optic  axis),  this  ray  is 
separated  into  two  rays  which  obey  different 
laws  of  refraction  and  consequently  are  bent 
through  different  angles  on  entering  the 
crystal,  as  shown  in  Fig.  4.  The  light,  before 
it  entered  the  crystal,  consisted  of  a  complex 
vibration  transverse  to  its  direction  of  motion 

5),  but  on  entering  the  spar  all  com- 


ponents of  this  vibration  lying  in  a  plane  par- 
allel to  the  optic  axis  must  be  transmitted  at 
a  higher  velocity  than  ndicular  to 

it.  This  is  because  vibrations  in  this  plane 
have  a  component  parallel  to  the  optic  axis, 
and  these  vibrations,  as  stated  above,  will  be 
transmitted  at  a  greater  velocity  than  vibra- 
tions perpendicular  to  this  axis.  Therefore 
it  comes  about  that  the  vibrations  in  this 
plane  are  transmitted  faster  than  those  per- 
pendicular to  it,  and  when  the  optic  axis  is 
at  an  angle,  as  shown  in  Fig.  4,  they  travel 
at  a  different  angle  from  vibrations  per- 
pendicular to  this  plane  because  the  refractive 
index  for  one  set  of  vibrations  is  different 
from  that  for  the  others.  They  are  thus 
separated  out  as  a  different  ray  which  is 
known  as  the  extraordinary  ray.  The 
vibrations  which  are  perpendicular  to  the 
principal  plane,  and  have  no  component 
parallel  to  the  optic  axis,  and  thus  are  trans- 
mitted as  though  there  were  no  optic  axis, 
constitute  what  is  known  as  the  ordinary 
ray.  Both  extraordinary  and  ordinary  rays, 
however,  must  execute  vibrations  in  only  one 
direction  each,  the  former  in  thephane  parallel 
to  the  optic  axis  and  the  latter  perpendicular 
to  it.  In  Fig.  4  the  extraordinary  ray  executes 
vibrations  in  the  plane  of  the  paper  and  the 
ordinary  perpendicular  to  it.  These  rays  are 
said  to  be  polarized,  and  are  polarized  in 
planes  at  right  angles  to  each  other.  In  the 
case  shown  in  Fig.  4,  the  ordinary  ray  is  bent 
more  than  the  extraordinary.  Fig.  4  also 
shows  how  such  a  piece  of  Iceland  spar  is  made 
into  a  polarizing  prism,  called  a  Xicol  prism 
after  the  name  of  its  inventor.  The  crystal 
is  cut  in  half  along  the  plane  AB  and  sealed 
together  again  with  a  layer  of  Canada 
balsam.  For  the  angle  used,  Canada  balsam 
transmits  the  extraordinary  ray,  but  totally 
reflects  the  ordinary  ray  which  passes  out  to 


*Jicol  Prism  Fig.  4A.     Direction 

of      Vibration      of 
Transmitted  Light 

one  side  and  is  absorbed  by  a  black  surface. 
Therefore  the  Nicol  prism  transmits  polarized 
light,  vibrating  in  the  plane  of  the  paper  in 
Fig.  1.  Fig.  4A  shows  the  direction  of  vibra- 
1 1'  m  when  looking  at  the  diamond  shaped  end 
of  the  prism.     To  change  the  direction  of 
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vibration,  it  is  only  necessary  to  revolve  the 
prism  to  a  new  position. 

Fig.  5  shows  a  ray  of  light  with  its  random 
transverse  vibrations  on  the  entering  side  of 
the  Nicol  prism,  and  emerging  on  the  farther 
side  as  a  ray  of  plane  polarized  light,  in  this 
case  vibrating  in  a  plane  at  45  degrees  to  the 
horizontal. 

Light  of  this  sort  emerges  from  the  polarizer 
D  (Fig.  2),  but  before  passing  into  the  sample 
to  be  tested,  which  is  placed  in  the  plane  P 
or  Q,  it  is  made  to  pass  through  a  quarter 
wave  plate  J.  This  is  a  plate  cut  from  a 
crystal,  usually  of  quartz  or  mica  (mica  in 
this  case),  which  is  so  placed  that  the  vibra- 
tions of  the  plane  polarized  ray  are  changed 
from  a  plane  vibration  to  a  circular  one,  in 
which  case  the  light  is  said  to  be  circularly 
polarized.  A  quarter  wave  plate  is  made  of  a 
so-called  doubly  refracting  crystal,  like  Ice- 
land spar  in  its  action  on  light.  A  thin  plate 
of  crystal  is  cut  with  its  optic  axis  parallel  to 
the  plate.  Vibrations  parallel  to  this  axis 
travel  with  a  different  velocity  from  those 
perpendicular  to  it,  giving  extraordinary 
and  ordinary  rays  again,  executing  vibra- 
tions in  directions  at  90  deg.  to  each  other. 
In  Fig.  6,  AB  represents  the  optic  axis.  The 
emergent  ray  is  shown  as  two  components, 
the  extraordinary  vibrating  in  the  horizontal 
and  the  ordinary  in  the  vertical  plane.  Here, 
however,  where  the  incident  light  is  per- 
pendicular to  the  optic  axis  and  to  the  surface 
of  the  plate,  no  bending  of  cither  ray  results, 
but  one  travels  faster  than  the  other,  or  one 
is  retarded  more  than  the  other  as  it  is 
usually  stated,  as  both  are  retarded  with 
respect  to  the  velocity  of  light  in  air.  The 
difference  in  retardation  of  these  two  vibra- 
tions depends  on  the  distance  of  transmission, 
or  the  thickness  of  the  plate.  The  quarter 
wave  plate  is  cut  of  such  a  thickness  that 
one  of  these  waves  is  retarded  a  quarter  of  a 
wave  length  with  respect  to  the  other.  Thus 
any  ether  particle  at  say  P,   Fig.  6  (since  it  is 


Fig.  5.     Effect  of  Nicol  Prism  on  Light  Vibratii 

the  ether  which  transmits  light  vibrations), 
is  made  to  vibrate  up  and  down  and  side- 
ways at  the  same  time,  and  if  one  wave 
train  is  a  quarter  of  a  period  behind  the  other, 
the  resultant  vibration  is  a  circular  one,  and 
we  have  circularly  polarized  light.     This  is 


exactly  analogous  to  the  case  of  two  pulsating 
magnetic  fields  at  90  degrees  in  space  phase 
and  a  quarter  of  a  wave  length  apart  in  time 
phase,  giving  a  resultant  revolving  magnetic 
field. 

To  get  a  separation  into  these  two  perpen- 
dicularly   polarized    rays    the    direction    of 
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Fig.  6.      Action  of  Quarter  Wave  Plate  on  Light  Vibrat 


vibration  of  the  incident  light  must  make  an 
angle  with  the  axis  AB  (Fig.  6)  such  that 
neither  C  nor  D  vanish.  For  vibrations  C 
and  D  to  be  of  equal  amplitude  this  angle 
must  be  45  degrees.  It  is  only  when  these 
components  are  equal  that  they  combine  to 
make  circularly  polarized  light  when  retarded 
relatively  a  quarter  of  a  wave  length,  other- 
wise the  light  will  be  elliptically  polarized, 
and  when  angle  <f>  becomes  zero  or  90  deg.  the 
light  remains  unaltered  as  D  or  C  respectively 
vanishes.  Thus  to  produce  circularly  polar- 
ized light  the  direction  of  vibration  of  the 
incident  light  must  make  a  45  deg.  angle 
with  the  axis  AB  described  above.  It  is 
seen  that  the  plate  may  be  placed  at  four 
different  angles  90  deg.  apart  to  produce 
circularly  polarized  light.  If  the  axis  AB 
shown  in  Fig.  6  is  changed  to  the  vertical 
position  the  direction  of  vibration  of  the 
incident  ray  still  makes  a  45  deg.  angle  with 
this  axis,  but  the  relative  retardation  of 
the  horizontal  and  vertical  vibrating  emergent 
rays  is  reversed  in  sign.  For  instance,  instead 
of  the  horizontal  vibration  being  retarded 
with  respect  to  the  vertical,  the  vertical  is 
retarded  with  respect  to  the  horizontal  vibra- 
tion. The  result  of  this  is  that  the  circular 
vibration  of  the  polarized  beam  takes  place 
in  a  reversed  sense,  clockwise  becoming 
counterclockwise,  and  vice  versa.  Thus,  to 
reverse  the  direction  of  vibration  in  a  cir- 
cularly polarized  beam  produced  by  a  quarter 
wave  plate,  rotate  the  plate  through  90  deg. 
in  its  plane.  Also,  it  may  be  stated  that 
polarized  light  transmitted  through  two 
quarter  wave  plates  with  axes  at  90  deg. 
remains  unaltered,  the  effect  of  one  plate 
being  neutralized  by  the  other.    The  quarter 
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plate  K  in  I"ij,r-  -  is  used  to  canci 
of  J,  its  axis  thus  making  90  deg.  with 
that   of  J.      X"  ■  iduced  in   the 

[uarter  wave  plate  if  it  is  n 
su  tin-  light  ough  it  in  tin-  opposite 

■  o\  ided  the  axis  is  pli  i 
same 
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Quarter  wave  plates  are  commonly  made  of 
quartz  or  of  mica.  Mica  is  used  for  large 
plates  and  is  used  for  this  set  of  apparatus. 
Mica  is  a  so-called  biaxial  crystal,  but  it  affects 
light  exactly  as  described,  where  the  faces  of 
the  plate  correspond  to  the  ordinary  cleavage 
planes  of  the  crystal. 

n  from  this  discussion  that  the 
polarizer  D  (Fig.  2)  must  be  placed  so  that 
the  plane  of  polarization  of  light  produced 
by  it  is  at  l">  deg.  to  the  axis  of  the  quarter 
wave  plate  J  to  give  circularly  polarized  light, 
ircularly  polarized  light  which  is  passed 
through  the  transparent  model  under  stress 
in  the  plane  P. 

Before  considering  the  action  of  the  stressed 
member  on  the  incident  circularly  polarized 
light,  a  few  remarks  will  be  made  about  plane 
stress  in  general  in  a  homogeneous  medium. 
Every  system  of  plane  stress,  or  stress  whose 
ions  all  lie  in  one  plane  may  have  these 
directions  represented  by  a  double  system 
of  curves  intersecting  at  right  angles  at  all 
points,  just  as  for  electricity  flowing  in  a 
plane  the  equipotential  lines  and  lines  of 
direction  of  flow  form  such  a  system,  only 
this  c  1  by  a  different  set  of 

mathematical  equations  and  is  not  generally 


arable  with  the  ease  of  stress  as  i 

in  very  special  cases.    Such 

tem  of  principal  stress  lines,  as  they  arc 

[,  is  shown  in  Pig.  7  for  an  elliptical  hole 
in  a  member  under   tension,   the  major  axis 

i  ellipse  being  transverse  to  the  directii  in 
of  applied  tension.  These  principal  sti 
intersect  everywhere  at  right  angles,  and  are 
always  normal  and  tangent  at  boundaries 
where  there  are  no  applied  stresses.  These 
two  systems  of  principal  stresses  are  called 
the  p  and  the  q  systems.  At  all  free  bound- 
aries no  normal  stress  can  exist,  so  that 
either  p  or  q  must  vanish,  the  tangential  stress 
alone  remaining.  A  special  characteristic  of 
i  irincipal  stresses  is  that  their  directions 
always  coincide  with  directions  of  zero  shear, 
and  the  shear  at  any  point  always  has  maxi- 
mum values  in  planes  at  45  deg.  to  the 
principal  stress  directions  (see  Fig.  7).  The 
shear  intensity  varies  according  to  the  sine 
law   from   a   maximum   of    1 2    (p  —  q)  at   45 

0  zero  in  the  principal  stress  directions. 
These  facts  are  generally  true  for  any  system 
of  plane  stress  whatsoever  in  a  homogeneous 
medium,  and  when  once  clearly  seen  will  be 
a  great  aid  in  estimating  stress  distributions. 
For  three  dimensional  stress  the  same  laws 
also  hold,  with  an  extension  to  three  dimen- 
sions, namely:  (1)  the  principal  stress  direc- 
tions are  represented  by  three  systems  of  lines 
at  90  deg.  to  each  other;  (2)  at  any  bounding 
surface,  where  no  applied  forces  exist  one 
of  these  directions  is  normal  and  the  other 
two  coincident  with  that  surface;  (3)  any 
plane  coinciding  with  two  of  these  stress 
directions  is  a  plane  of  zero  shear;  (4)  all 
planes  at  45  deg.  to  these  planes  are  planes 
of  maximum  shear ;  ( 5 )  the  shear  varies  from 
a  maximum  in  these  45  deg.  planes  to  zero  in 
the  principal  stress  planes  according  to  the 
sine  law.  Plane  stress  is  simply  a  special 
case  of  this  more  general  law.  In  the  photo- 
elastic  method  as  described  here,  however, 
roncerned  with  only  plane  stress. 
We  are  now  in  a  position  to  consider  the 
action  of  a  plane  stressed  specimen  of  celluloid 
on  the  polarized  light  when  placed  in  the  plane 
P.  Fig.  2.  As  in  the  case  of  the  quarter 
plate  the  light  may  be  thought  of  as 
being  separated  in  two  polarized  components 
with  vibrations  at  right  angles,  and  in  this 
case  the  directions  of  vibration  coinciding 
with  the  principal  stress  mentioned  above  for 
any  point  in  the  specimen.  (See  Fig.  8.) 
.  it  will  be  recalled,  always  intersect 
at  right  angles.  Also,  if  the  principal  stresses 
are  unequal,  one  of  the  vibrations  is  retarded 
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with  respect  to  the  other,  this  relative 
retardation  being  proportional  to  the  principal 
stress  difference  at  the  point  considered. 
This  is  the  law  which  connects  the  light 
effect  with  the  stress.  Mathematically  it  may 
be  expressed  as  follows: 

Relative  retardation  =  c(p  —  q)t  ( 1 ) 

p  =  one  principal  stress 

q  =  other  principal  stress 

t  =  thickness  of  specimen 

c  =  optical  constant  for  material  used. 

Before  discussing  this  law  we  will  follow 
out  the  course  of  the  light  and  see  how  the 
color  effects  on  the  screen  are  produced.    We 
will  first  consider  light  of  one  wave  length 
only,  say  red.    When  this  light  emerges  from 
the    stressed    specimen    the    polarized    com- 
ponents at  right  angles  are  retarded  different 
amounts  with  respect  to  one  another  accord- 
ing to  the  law  stated  above,  and  therefore  the 
emerging  vibration  is  plane,  circularly  or  ellip- 
tically  polarized  depending  on  the  amount  of 
relative   retardation    of    the    compo- 
nents.    This  is  shown  in  Fig.  8.     The 
incident  light,  it  will  be  recalled,  is         c 
circularly    polarized.      The    various      ^ 
changes  this  vibration  goes  through  for         ' 
every  eighth  wave  length  relative  retar- 
dation of  the  components  is  shown  in  Fig.  9. 
For  whcle  wave  length  retardations  the  light 
vibrates  just  as  the  incident;  for  odd  half 
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wave  lengths,  —X,  —  X,  —X,  etc.,  the  vibra- 
tion is  circular  but  in  the  opposite  direction 
to  the  incident.  For  odd  quarter  wave 
lengths  the  vibrations  are  plane  polarized  and 
odd  eight  wave  lengths  elliptically  polarized. 
The  reason  for  using  circularly  polarized  light 
on  the  stressed  sample  is,  that  no  matter 
what  the  principal  stress  directions  are,  the 
plane  polarized  components  parallel  to  these 
directions,  into  which  it  is  separated,  must 
always  be  of  equal  amplitude.  This  is  true 
because  linear  components  of  a  circular 
motion  at  right  angles  to  each  other  are 
always  of  equal  amplitude.  It  therefore 
follows  that  no  matter  at  what  angle  the 
specimen  be  turned  in  a  plane  perpendicular 
to  the  light  direction,  or  what  direction  the 
principal  stresses  p  and  q  take,  the  vibrations 
of  the  light  emerging  from  the  specimen  are 
always  of  the  same  character  and  therefore 
like  the  forms  shown  in  Fig.  9.  The  angle  of 
the  emerging  plane  and  elliptically  polarized 
light,  however,  does  depend  on  the  stress 
directions,  and  changes  as  the  sample  is 
rotated  in  its  plane,  or  referring  to  Fig.  8, 


the  two  ellipses  shown  will  turn  as  the 
sample  is  turned.  It  only  remains  to  show 
that  passing  this  light  through  the  second 
quarter  wave  plate  K,  Fig.  2,  and  the  polariz- 
ing prism  H ,  results  in  an  effect  independent 
of  the   anglar   position  of   the   specimen   ro- 


Fig.  8.      Light  Rays  Passing  Through  Stressed  Specimen 

tated  as  mentioned  above  and  of  the  principal 
stress  directions.  It  is  necessary,  however, 
that  the  axis  of  this  quarter  wave  plate  be 
perpendicular  to  that  of  the  first,  and  that  the 
plane  of  polarization  of  the  second  polarizer 
be  90  deg.  to  the  polarizing  plane  of  the  first, 
and  45  deg.  to  the  axis  of  the  quarter  wave 
plates  (see  Fig.  10). 

After  transmission  through  the  sample  as 
explained  above  the  light  is  of  the  character 
shown  in  Fig.  9,  the  directions  of  the  com- 
ponent vibrations  depending  on  the  principal 
stress  directions,  but  the  relative  retardations 
depending  only  on  the  difference  in  magnitude 
of  the  principal  stresses  for  a  specimen  of 
given  thickness  according  to  the  law  pre- 
viously stated  in  equation  (1).  When  this 
light  is  transmitted  through  the  last  quarter 
wave  plate  and  the  second  polarizer,  the 
result  is  that  for  all  points  of  the  specimen 
where  relative  retardations  of  integral  wave 
lengths  (see  Fig.  9)  are  produced  the  light  is 
all  cut  out,  for  odd  half  wave  lengths  it  is  all 
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transmitted,  and  the  amplitude  of  vibration 
varies  according  to  the  sine  law  for  inter- 
mediate points.  The  law  is  expressed  mathe- 
matically as  follows: 

A=Amsinw\  (2) 

where 

A    =  amplitude 

A  ,„  =  maximum  amplitude 

X     —relative-    retardation    of    vibration 
components  in  wave  lengl : 
Since   the   intensity   of   light   varies   as   the 
square  of  the  amplitude,  we  have 

I  =  Im  sin-  ttX  (3) 

where 

/    =  intensity  of  illumination 

/„,  =  maximum  intensity. 
A  proof  of  this  law  is  given  in  the  appendix 
to    this    article,    as    it    is    somewhat   mathe- 


Exactly  similar  results  are  produced  by  any 
single  wave  length  or  color,  but  different 
colors  are  retarded  different  amounts  by  a 
given  stress.  The  result  is  that  the  system  of 
bands  of  one  color  do  not  exactly  overlap 
those  of  another  color,  but  are  shifted  with 
respect  to  each  other,  and  for  several  colors 
the  shifting  results  in  repeated  series  of  colors 
in  place  of  what  was  a  single  bright  and  dark 
band  in  the  case  of  single  color.  This  is 
illustrated  by  Fig.  12.  which  shows  a  series 
of  colors  obtained  from  actual  observation  of 
a  sample  of  celluloid  0.1S  inches  thick  and  % 
in.  wide.  The  stress  w-as  carried  up  to  5000 
lbs.  per  sq.  inch.  Four  different  colors  are 
shown  with  their  characteristic  variations  of 
intensity  superimposed,  which  give  a  series 
quite  approximately  the  same  as  the  actual, 
and    indicate    the    way    the    color    series    is 


a*  i'>  » *■  2*  5A  ->A  eA 

Fig.  9.      Alterations  of  Circularly  Polarised  Light  for  Increasing  Relative 
Retardation  of  Components 
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matical.  though  not  difficult.  The  results  are 
graphically  expressed  in  Fig.  11.  The  posi- 
tive and  negative  values  of  the  amplitudes 
indicate  an  opposition  of  phase  of  the  vibra- 
tions. All  of  the  light  transmitted  through 
the  second  Nicol  prism  and  projected  on  the 
screen  is  of  course  polarized  in  the  same 
plane. 

This  discussion  is  for  a  single  wave  length, 
or  monochromatic  light  only.  If  red  light 
were  used,  the  light  projected  on  the  screen 
would  consist  of  a  system  of  black  and  red 
bands  depending  on  the  stress  distribution, 
the  second  and  higher  orders  of  red  appearing 
where  the  difference  between  the  principal 
stresses  p  and  q  was  great  enough.  Where 
p  and  q  were  equal  or  where  the  stress  was 
zero  the  red  would  all  be  cut  out  and  black 
result.  Black  would  also  result  where  p  and 
q  differed  by  an  amount  which  produced  an 
wave  length  relative  retardation.  For 
odd  half  wave  length  relative  retardations, 
the  maximum  red  would  appear. 


produced.  As  p  and  q  differ  more  and  more 
this  series  of  colors  may  pass  through  more 
than  one  order.  The  higher  the  orders  of 
color,  howTever,  the  greater  the  relative  shift 
of  different  colors  with  a  consequent  dimming 
of  the  colors  (see  Fig.  12),  remembering  that 
white  results  from  a  superposition  of  all  colors 
in  equal  intensity.  As  p  and  q  increase  in  dif- 
ference or  as  p  —  q  increases  (see  equation  1), 
the  colors  pass  through  a  perfectly  definite 
series.  For  celluloid  this  sequence  is  about  as 
follows :  beginning  at  {p  —  q  =  0  or  p  =  q)  black, 
straw,  orange,  red,  blue  green,  and  again 
straw,  orange,  red,  blue  green,  etc.  (See 
Fig.  12.) 

The  question  now  arises.  Y\  hy  is  the  color 
effect  of  particular  value  by  itself  if  this 
sequence  of  colors  is  a  measure  of  the  dif- 
ference p  —  q,  and  not  of  the  values  of  p  or  q. 
For  a  complete  determination  of  plane  stress, 
p+q  is  also  determined  from  extensometer 
measurements  as  described  by  Dr.  Coker. 
•  >nly  color  observations  are  necessary,  how- 
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ever,  where  either  p  or  q  vanish.  Now  it  will 
be  remembered  from  the  previous  discussion 
of  principal  stresses,  p  and  q,  that  they  are 
always  normal  and  tangent  to  free  edges  in 
plane  stress,  and  furthermore,  it  is  evident 
that  there  can  be  no  stress  normal  to  a  free 
edge.  Therefore  at  all  free  edges,  p  or  q  must 
vanish,  and  the  remaining  stress  is  single 
and  tangent  to  the  edge.  Therefore,  at  all 
free  boundaries  in  a  plane  stressed  specimen 
the  order  of  color  is  a  direct  measure  of  the 
stress  magnitude.  This  fact  is  of  particular 
value  because  edges  are  often  regions  of 
maximum  stress.  Thus,  for  such  a  case  a  color 
observation  gives  the  maximum  stress  at 
once.  For  a  simple  rectangular  tension 
member  or  for  parts  of  a  beam  of  uniform 


either  in  plane  P  or  Q,  Fig.  1.  The  color 
effects  of  two  specimens  may  be  readily 
superimposed,  or  a  calibration  specimen  may 
be  placed  in  one  of  the  planes. 

The  color  effect  obeys  the  same  law, 
whether  p  or  q  are  positive  or  negative. 
Negative  stress,  of  course,  corresponds  to 
compression.  There  are  different  ways,  how- 
ever, of  distinguishing  between  the  two,  and 
ordinarily  no  difficulty  is  encountered. 

If  the  quarter  wave  plates  are  removed 
the  color  effect  is  no  longer  a  measure  of  the 
principal  stress  differences  except  where  the 
principal  stress  directions  are  at  45  deg.  to  the 
planes  of  the  crossed  Nicols.  Where  these 
directions  coincide  with  the  planes  of  polar- 
ization of  the  Nicol  prisms,  the  light  is  all  cut 


Fig.  11.      Amplitude  and  Intensity  of  Transmitted  Light  Corresponding  to 
Increasing  Stress  for  One  Color 


Fig.  12.      Amplitude  of  Transmitted  Light  Corresponding  to 
Increasing  Stress  for  Several  Colors  Superimposed 


cross  section,  there  exists  only  one  set  of 
principal  stresses,  and  here  also  the  color 
gives  the  stress  directly.  The  neutral  axis 
of  the  beam  may  show  as  a  dark  band.  For 
many  cases,  however,  dark  areas  represent 
areas  where  p  and  q  have  finite  values  but  are 
equal.  These  must  be  clearly  separated  from 
cases  of  zero  stress.  The  stress  magnitudes 
corresponding  to  particular  colors  can  be 
read  directly  from  the  color.  A  sample  of 
the  same  material  as  the  specimen  under 
investigation  is  taken  and  the  various  colors 
are  calibrated  in  terms  of  stress.  Another 
method,  superior  to  the  above  for  some 
purposes,  is  to  balance  out  the  color  until  a 
dark  field  is  produced,  using  a  piece  of  the 
same  material  on  which  the  stress  intensity 
is  measured  by  a  spring  balance.  This  is 
described  more  in  detail  in  Dr.  Coker's 
articles.  This  is  why  the  optical  system  is 
such  that   stressed  samples   may  be  placed 


out  and  dark  bands  on  the  screen  mark  the 
locus  of  such  points.  This  is  because  when 
the  light  passes  through  the  first  polarizer 
it  is  transformed  to  plane  polarized  light  with 
vibrations  in  one  direction.  If  the  direction  of 
vibration  coincides  with  a  principal  stress 
direction  (see  Fig.  8),  the  light  is  trans- 
mitted with  no  alteration,  and  is  therefore 
completely  cut  out  by  the  second  polarizer 
which  is  so  turned  that  it  transmits  only 
vibrations  transverse  to  the  direction  of  the 
first.  If,  however,  the  plane  polarized  light 
from  the  first  prism  is  transmitted  through  a 
part  of  the  specimen  where  the  lines  of 
principal  stress  are  at  45  deg.  to  the  direction 
of  vibration,  the  vibration  is  separated  into 
two_  equal  components  vibrating  in  directions 
at  right  angles  to  each  other  and  one  retarded 
with  respect  to  the  other.  The  result  is  that 
we  obtain  a  color  indication  of  stress  for  such 
points   exactly   as   when   the   quarter   wave 
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As  the  ai  a  the 

principal  stress  directions  and  the  direction 
of  vibration  of  the  polarized  light   cl 
from  1")  deg.  the  colors  die  out,  with  a  black 
band  corresponding  to  coincidence  of  direc- 

f  vibration  with  the  principal 
directions.  As  the  polarizers  are  rol 
but  kept  crossed  with  respect  to  each  other 
these  black  bands  shift,  corresponding  at 
every  instant  to  the  locus  of  points  on  the 
len  where  the  principal  stress  lines  and 
the  planes  of  polarization  of  the  Nicol  prisms 
are  coincident.  This  gives  a  means  of 
mapping  out  the  principal  stress  directions 
fur  any  plane  stressed  model  of  the  trans- 
parent material  used. 

The  optical  measurements  therefore  give 
the  principal  stress  differences  and  their 
directions  at  all  points  in  a  plane  st- 
specimen.  Where  p  or  q  vanishes,  as  must 
take  place  at  all  free  edges,  which  are  often 
points  of  maximum  stress,  the  color  alone 
will  give  the  stress  magnitude.  P  or  q  may 
also  vanish  at  interior  points  for  certain 
simple  systems  as  in  some  cases  of  a  rec- 
tangular beam  and  tension  members  of 
uniform  cross  section.  Therefore,  in  many 
practical  cases  the  color  measurements  are 
sufficient. 

For  determinations  of  stress  magnitudes 
at  all  points  in  a  plane  stressed  specimen. 
extensometer  measurements  of  transverse 
contractions  are  made,  giving  a  measure  of 
p+q  to  supplement  those  of  p  —  q,  and  p  and  q 
may  then  be  found  at  all  points. 

APPENDIX 

Given  a  general  case  of  elliptically  polar- 
ized light:  To  find  the  laws  according  to 
which  the  intensity  of  monochromatic  light 
varies  when  transmitted  through  a  quarter 
wave  plate  and  a  polarizing  prism  with  its 
axis  at  15  deg.  to  that  of  the  quarter  wave 
plate. 

In  Fig.  13,  PQ  represents  the  line  of  vibra- 
tions transmitted  by  the  polarizer  which  is 
at  r>  deg.  to  the  axis  of  the  quarter  wave 
plate  shown  to  one  side.  An  elliptical 
vibration  path  is  shown  and  the  component 
vibrations  OA  and  OB  of  which  it  is  composed. 
We  will  regard  0.4  as  retarded  with  respect 
to  OB,  the  amount  of  this  retardation  deter- 
mining the  form  of  the  elliptical  motion  of 
which  the  circle  and  straight  line  are  limiting 

Expressing  the  amplitudes  of  these  vibra- 
tions 0.4  and  OB  in  terms  of  components 
perpendicular  and  parallel  to  the  optic  axis 


of  the  quarter  wave  plate,  or  along  the  X  and 
Y   axes  as   shown  in    the   figure,   we  obtain 

OA  =  i  a  cost  |  +<p  1  +  j  a  sinl  "-  +4>  1 


=  I  cos 

when  a  =  1 


This  is  a  vector  equation,  i  being  a  unit 
vector  parallel  to  the  X  axis  and  j  being  a 
unit  vector  parallel  to  the  V  axis.  Vector 
quantities  are  shown  in  heavy  type.  The 
quantitv  multiplving  these  vectors  is  their 
length.  " 

In  like  manner: 

ob  =  i  cos  q+\  (2) 

(1)  and  (2)  give  the  amplitude  of  the  vibra- 
tions 0.4  and  OB.  To  express  the  fact  that 
these  vibrations  vary  with  time  according  the 
sine  law  we  obtain 


OA  sin  {ut  —  0,)  =  I  i  cost  -  +<?  1 

OB  sin  oit  =  [i  cos  <£-f-j  sin  <j>]  sin  oit 


(3) 

(1) 


where 

w  =  angular  velocity  of  the  time  vector 

and 

0i  =  angular  lag  of  OA  with  respect  to  OB 
The  elliptical  vibration  is  the  path  traced 

by  the  vector  sum  of  these  two  components: 

p=  |i  cosf^+<t>  J+j  */»(! +*1 1 

[sin  {oit-di}] 
+  [i  cos  #-f-j  sin  <t>]  sin  mt  (5) 

This  is  the  path  traced  by  the  tip  of  the 
vector  r  drawn  from  0  as  it  swings  around. 
Xow  this  motion  is  altered  in  two  ways,  first 
by  passing  through  the  quarter  wave  plate, 
and  second,  by  the  rays  passing  through  the 
polarizing  prism. 
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When  it  passes  through  the  quarter  wave 

plate  all  the  components  parallel  to  its  optic 

axis,  or  the  j  components  are  shifted  in  phase 

It,. 
by  —  X  or  — .     In  this  case  we  will  assume  a 

retardation. 

Taking  account  of  this,  (5)  becomes 

r=\cos(^-  +  4>\sin  (oot -8,)} 

+  i  cos  (j>  sin  oot+j  sin  4>  sini  oot  —  —  J     (6) 

The  vibration  represented  by  (6)  is  again 
altered  by  transmission  through  the  Nicol 
prism.  This  selects  all  components  parallel 
to  PQ,  superimposes  them  upon  each  other 
and  rejects  all  transverse  components.  Pro- 
jecting the  component  vectors  of  (6)  upon 
PQ,  dropping  the  unit  vectors  and  remember- 
ing that  the  projections  of  the  j  components 
are  negative,  we  obtain 

ry/~2=>cos(  ~^+4>  \sin(oot  —  0i)  —sitt(  7,+4>  ) 
\  sin  (ut-dt-r,  ) 

+cos  4>  sin  oot  —  sin  4>  sin  lul--J      (7) 

Transforming    and    simplifying,    we    obtain 
ry/~2  =  (—sin  </>  cos  di-\-cos<t>sin  di+cos  4>)  sin  oot 
+  (sin  <t>  sin  di+cos  <£  cos  Oi+sin  4>)  cos  oot 
=  ( —  sin  (<t>  —  0i)  +cos  <f>)  sin  oot 
+  (+cos  (4>  —  6i)+sin  <j>)  cos  oot 
=  A  sin  oot+B  cos  oot  (8) 

The  amplitude  of  this  vibration 

=  rmy/  2  =  \/A2+B2  =  \Jl  +2  sin  di 

r,n  =  -v/l+sinfli  (9) 


where 

r,„  =  maximum  value  of  r. 
Therefore  the  amplitude  of  the  transmitted 
light  is  dependent  on  the  relative  retardations 
of  OA  and  OB  only  and  independent  of  the 
angle  </>.  We  have  thus  proved  that  changing 
the  angular  position  of  the  specimen  does  not 
alter  the  transmitted  light  intensities. 

Now  0i  is  the  retardation  of  the  first  quarter 
wave  plate  plus  that  of  the  specimen,  or  6\  = 

7T 

#2  —  „  where  02  =  retardation  due  to  speci- 
men alone.  The  sign  is  negative  because  the 
axis  of  the  first  quarter  wave  plate  is  at  90 
degrees  to  that  of  the  second.  Substituting 
for  0i  we  have 

sin  0i  =  sin  I  02—  -^  |  =  —  cos  0; 

or  from  (9)  

r,„  =  vT  —  cos  e2  (10) 

But  02=27tX  where  X=  retardation  of  one 

component  behind  the  other  in  wave  lengths 

rm  =  \/l—cos27:X  =  v/_2  sin  7TX  ( 1 1 ) 

where  in  Fig.  13,  0=1. 

We  thus  obtain  the  following  result: 

(1)  The  amplitude  of  the  transmitted  light 
is  independent  of  <f>  or  of  the  direction 
of  the  principal  stress  lines. 

(2)  It  depends  upon  the  relative  retarda- 
tion of  OA  with  respect  to  OB  accord- 
ing to  the  sine  law. 

Negative    values    of    amplitude     mean    a 
reversal  of  phase  of  the  plane  polarized  light. 

The  in  tensity  of  illumination  is  proportional 
to  the  square  of  the  amplitude,  or 

I  =  Imshrir\  (12) 

Where  Im  =  maximum  value  of  the  intensity. 

For  a  graphical  representation  of  the  results 
see  Fig.  11. 
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In  this  arti  I       er  discusses  the  photo-elastic  investigation  of  the  testing  of  materials  in  tension. 

i  nds  of  a  test  bar  ar<  i   ]  with  the  parallel  part  by  arcs  of  a  circle  the 

:  •  join  of  the  are  with  the  parallel  portion  is  somewhat  greater  than  that  in  the  parallel  portion. 

e  radius  of  the  arc  is  small  and  approaches  a  righl  angle.     Taking  the  special  case  of  the 

ind  thai  in  th  avorable  case  this  maximum  value  was 

rent  above  the  stress  in  the  bar  between  the  enlarged  ends.     A  cylindrical  bar  showed  the  same 

\alue  of  stress  is  suggested  as  th  iiy  in  many  cases  test  pieces  fail  at  the 

■  the  parallel  portion. — Editor. 


Photo-elastic  Investigations  on  the  Testing  of  Mate- 
rials in  Tension 

Among  the  tests  which  engineers  have 
adopted  for  finding  out  the  properties  of  the 
materials  they  use  in  construction  the  one 
which  finds  most  favor  is  a  tensile  test  over 
the  whole  range  of  stress  to  fracture,  since 
by  such  means  it  is  possible  to  form  a  very 
accurate  idea  of  the  value  of  the  material  for 
use.  The  results,  if  care  is  taken,  are  prac- 
tically independent  of  the  testing  machine 
employed,  while  the  simplicity  of  the  test 
makes  it  very  generally  useful  for  comparing 
different  materials. 

There  are,  however,  circumstances  which 
may  make  this  form  of  test  less  simple  than 
might  at  first  sight  appear  owing  to  the  possi- 
bility of  the  occurrence  of  a  variable  distribu- 
tion of  stress  in  the  member  from  causes  which 
appear  to  have  been  only  imperfectly  realized. 

The  application  of  load  to  a  flat  bar  or 
cylindrical  specimen,  by  the  usual  forms  of 
grips  employed,  is  practically  always  accom- 
panied by  a  variable  distribution  of  stress 
at  and  near  the  ends,  and  in  order  to  prevent 
fracture  there  it  is  usual  to  increase  the  sec- 
tional area  of  the  ends  of  a  test  piece,  while 
the  manner  in  which  the  change  of  section 
is  made  between  the  ends  and  the  central 
part  of  the  specin  ided  for  in  stand- 

ard specifications  to  ensure  uniformity  of 
stress  within  the  gauge  length.  There  is. 
however,  a  lack  of  definiteriess  in  some  of  the 
provisions  of  these  specifications  which  make 
it  possible,  in  certain  cases,  for  variable 
stress  to  occur  in  the  gauge  length  owing  to 
the  form  of  the  discontinuity  at  the  ends  and 
it  is  the  object  of  the  present  article  to  briefly 
describe  some  photo-elastic  investigations 
which  have  been  made  recently  on  standard 
test  bars,  and  the  results  of  which  were 
published  in  the  Minutes  of  the  Proceedings 
of  The  Institution  of  Civil  Engineers. 

s  it  has  already  been  shown 
on  theoretical  grounds  and  verified  independ- 


ently  by  experiment  that  loaded  transparent 
models,  with  one  boundary',  give  distributions 
of  stress  precisely^  similar  to  those  of  the  actual 
element  loaded  in  the  same  manner;  and 
although  in  the  experiments  to  be  described 
it  has  been  considered  advisable  to  check  the 
results  obtained  on  transparent  models  by  an 
occasional  experiment  on  a  metal  test  piece, 
the  bulk  of  thedata  has  been  obtained  by  opti- 
cal means  on  account  of  the  ease  and  accuracy 
of  measurement  which  such  methods  allow. 

The  primary  form  of  a  standard  test  bar 
for  plates  may  be  derived  from  the  simple 
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case  of  a  uniform  strip  having  two  semi- 
circular notches  in  it  symmetrically  disposed 
with  reference  to  the  axial  line.  Indeed  such 
a  form  has  occasionally  been  used  for  tension 
experiments,  although,  as  Fig\  1A  shows, 
there  is  no  uniform  stress  distribution  at  or 
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(B)      Tension   member   of   approximately   two   units   width 

connected  to  ends  of  four  units  width  by  quad- 

rantal  arcs  of  one  unit  radius. 


(C)  and  (D)      Two  views  of  a  tension  member;  the  effect 
of  varying  the  radius  of  the  connecting  arcs. 


i  Members  Under  Str 
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near  these  notches  and  the  material  is  sub- 
jected to  a  somewhat  complex  stress  which 
never  approaches  pure  tension  unless  the 
notches  are  of  insignificant  dimensions. 

Across  the  minimum  section  there  is,  in 
fact,  a  highly  variable  tension  accompanied 
by  a  variable  cross-stress  which  is  not  in- 
significant. In  a  tension  member  of  this 
kind  1  in.  wide  with  notches  of  )4-in.  radius 
a  mean  applied  stress  of  1092  pounds  per 
square  inch  across  the  minimum  section  pro- 
duced a  stress  d  of  15S0  pounds  per  square 
inch  at  the  ends  which  fell  to  about  one-half 
this  value  at  the  centre  and  was  accompanied 
by  a  variable  cross  Q  which  rose  to  a  value 
of  250  pounds  per  square  inch  near  the  ends  of 
the  section  and  diminished  somewhat  towards 
the  center.  The  actual  measurements  are 
shown  in  Figs.  2  and  3  which  also  show 
the  stress  developed  at  the  contours.  A  close 
approach  to  uniform  stress  is  only  obtained 
in  this  case  at  a  distance  of  4R  from  the 
minimum  cross  section,  where  R  is  the  radius 
of  the  notch.  As  might  be  expected,  the  varia- 
bility of  stress  round  the  semicircular  notch  is 
even  greater  because  the  right  angled  corners 
are  not  stressed  at  all,  under  any  load,  as  is 
apparent  when  the  specimen  is  viewed  in  a 
polariscope.  Notches  of  j^-in.  and  J^-in. 
radius  cut  in  the  same  tension  member  give 
somewhat  similar  results,  and  as  might  be 
expected   the  center  of  the  minimum   cross 


section  becomes  more  evenly  stressed  as  the 
notches  decrease  in  size.  In  all  these  cases 
the  effect  of  cross  stress  is  always  apparent. 
In  a  metal  specimen  precisely  similar  dis- 
tributions have  been  observed  by  my  former 
research  student,  Mr.  Y.  Satake,  who  showed 


that  a  notched  steel  specimen  intermediate 
between  the  two  latter  cases  gives  a  stress 
distribution  curve  across  the  minimum  sec- 
tion which  lies  between  similar  curves  ob- 
tained from  the  transparent  models  when  due 
account  is  taken  of  the  actual  loads  applied. 

-  CoMP/tfllSIOM  or  THC    SmEgS  D/ST/IIBUTIOM    ID  
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Fig.  4 

The  basis  of  comparison  here  is  necessarily 
the  sum  of  the  principal  stresses  (P  +  Q), 
since  there  seems  no  easy  way  of  separating 
P  from  Q  for  a  metal  specimen.  These  curves 
are  shown  in  Fig.  4,  together  with  the  actual 
forms  of  each  test  bar,  and  they  afford  a 
further  confirmation  of  the  applicability  of 
photo-elastic  measurements  to  engineering 
materials. 

Although  the  form  of  this  test  piece  is  sim- 
ple, its  shape  has,  up  to  now,  eluded  mathe- 
matical analysis  of  the  stress  distribution 
except  by  an  approximate  method  due  to 
Leon  for  the  case  of  a  single  notch  in  a  very 
wide  plate.  This  solution  when  applied  to  a 
tension  member  with  symmetrical  notches 
of  moderate  size,  agrees  fairly  well  with  the 
measurements  obtained  at  the  minimum  cross 
section,  although  the  analysis  is  defective 
especially  as  regards  radial  stress  around  the 
notch 

The  tensional  stress  p  across  the  minimum 
section  in  all  these  cases,  agrees  fairly  close 
with  the  following  relation  derived  from  the 
analysis 
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where   /   is   the   stress   corn  !"   an 

infinitely  wide  plate,  a  is  the  radius  o 
notch   and   r  is  the   distance  of 
on  the  line  of  the  minimum  section  between 
the  notch  boundary  and  the  line  of  pull, 
[f  we  con  a  with  the  a  i 

derive  an  appro* 


when  plane  polarized  light  is  employed,  clearly 
mark  off  the  complex  stress  regions  in  both 
parallel  parts. 

Thus  in  a  cu1    from   a  plate  of 

nitro-cellulosr   0.1812   in.    thick,    having   en- 

ends  0.9316  in.  wide,  and  ■  <  m  u 
to  a  parallel  portion  0.4600  in.  in  width  by 


-Isodjyic  Ln£S 


ssion    for    the    greatest    stress    of     the 
form 


where  .'  •  a  is  the  breadth  of  the  member. 

ler   the  same   circumstances   the   cross 
pproximately  by  the  formula 


frr  =1.',.'   P 


r,     ri) 


for  the  larger  notches,  but  for  the  smallest 
the  coefficient  is  1.27. 

This  notched  bar  is  of  interest  mainly  as  a 
primary    form   of    te  I  om   which   a 

practical  form  can  be  derived  by  introducing 
a  straight  parallel  portion,  connected  by 
arcs  of  circles  with  the  ends,  and  the  short 
tension  member  now  shown.  Fig.  IB,  is  of  this 
form.  It  is  cut  from  a  strip  1  in  wide  with 
a  length  of  1.4  inches  between  the  enlarged 
ends  and  a  width  of  •  ._>  in.  between  them, 
connected  by  arcs  of  'j-in.  radius  to  the  ends. 

The    color    effects    indicate    at    once    that 

only  a  fraction  of  the  central  part  is  in  pure 

the   remaining   portions   being   in   a 

complex  state  of  stress  for  which  the  colors 

indicate   maximum   values   near  the   join   of 

the  straight  and  curved  parts  of  the  contour. 

il    shows  thai   beyond  a  minimum 

value  the  central  parallel  part  has  no  influence 

on  the  stress  distribution  at  the  change  of 

the  lines  of  equal  inclination 

of  stress  which  arc  shown  in  the  polariscope 
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curves  of  0.25-in.  radius,  the  isoclinic  lines. 
Fig.  5,  define  a  region  of  complex  stress  ex- 
tending to  nearly  x/i  in.  into  the  enlarged 
ends  and  slightly  over  0.4  in.  below  the 
shoulders.  Above  and  below  these  sections 
approximately  uniform  stress  conditions  are 
obtained  as  the  lines  of  principal  stress,  Fig. 
6,  indicate. 

The  condition  of  stress  along  the  central 
line  shows  some  interesting  features  as  we  pass 
along  it  from  the  enlarged  ends  inwards.  At 
a  point  sufficiently  removed  from  the  dis- 
continuity the  stress  is  uniform,  but  as  Fig. 
7  shows,  the  experimental  values  of  the 
sum  and  difference  of  the  principal  stresses 
indicates  a  gradual  rise  in  this  stress  accom- 
panied by  a  cross  stress  Q  wdiich  at  first  is 
compressive  and  attains  a  maximum  before 
the  shoulders  are  reached,  then  dies  away 
to  nothing  and  becomes  a  tension  with  a 
maximum  value  below  the  shoulders,  and 
ultimately  vanishes  when  the  region  of 
uniform  stress  is  reached  in  the  narrow  por- 
tion of  the  test  piece.     These  changes  in  the 
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cross  stress  appear  to  be  due  to  the  inclina- 
tion of  the  lines  of  principal  stress  and  a 
physical  explanation  is  suggested  by  con- 
sidering these  latter  as  flexible  lines  of  force 
subjected  to  pulls  at  their  ends.  It  is  then 
evident  that  forces  are  required  to  maintain 
the  curved  forms  actually  found  which  tend 
to  compress  the  material  when  the  lines  are 
concave  with  respect  to  the  axial  lines  and 
to  extend  it  when  they  are  curved.  There 
should  on  this  hypothesis  be  no  cross  stress 
where  points  of  contra-flexure  occur,  but  as 
these  changes  do  not  all  take  place  at  the  same 
cross  section  the  effect  at  the  central  line  is 
the  sum  of  all  the  effects  across  the  section, 
and  the  zero  point  of  the  cross  stress  0  should 
occupy  a  mean  position,  as  it  apparently  does. 
Another  feature  and  the  most  remarkable 
one  is  the  stress  around  the  curved  contours 
which  has  a  zero  value  at  the  shoulder  and  is 


effect  often  ascribed  to  imperfect  centering, 
but  as  the  experiments  show  is  more  prob- 
ably due  to  great  local  stress  which,  if  the 
specimen  is  badly  centered  in  the  testing 
machine,  would  increase  the  effect  on  one  side 
and  make  a  fracture  near  the  ends  almost 
inevitable.  In  a  ductile  material  the  stress 
distribution  changes  before  fracture  is  reached 
and  an  equalization  of  stress  takes  place  so 
that  the  chance  of  failure  at  or  near  the 
change  of  section  is  somewhat  less. 

In  many  cases  of  cast  iron  and  like  mate- 
rials in  tension  the  broken  cross  section  shows 
that  fracture  has  taken  place  just  beyond  the 
parallel  portion  where  the  stress  concentra- 
tion is  shown  by  optical  measurement  to  be 
most  intense,  and  this  goes  to  prove  that  the 
stress  distributions  observed  below  the  elastic 
limit  persist  in  these  materials  until  failure 
takes  place. 


Radius  of  connecting  curve  ins. 
Ditto  in  terms  of  minimum  breadth 

.544 

Vs 

.272 

.130 

0 
0 

Maximum  distance  in  inches  between  the  shoul- 
ders for  which  pure  tension  is  not  possible 
Ditto  in  terms  of  breadth 

0.82 
1.786 

0.60 
1.30ft 

0.46 
1.006 

0.42 
0.9156 

found  to  rise  to  a  maximum  value  before  it 
merges  into  the  straight  portion.  In  this 
case  a  maximum  stress  of  14S0  pounds  per 
square  inch  was  measured  at  a, point  where 
the  tangent  to  the  contour  has  an  inclination 
of  15  deg.  to  the  central  line,  although  the 
uniform  stress  in  the  gauge  length  was  1180 
pounds  per  square  inch.  When  the  radius 
at  the  join  was  decreased  to  J's  m-.  Fig-  '(  ■ 
the  stress  rose  to  1725  pounds  per  square  inch 
and  a  further  decrease  to  tV-in.  radius 
caused  a  still  further  rise  to  1890  pounds  per 
square  inch,  corresponding  to  an  increase  of 
stress  of  nearly  58  per  cent  as  the  table  shows. 

TENSION   SPECIMEN   .4600   IN.    BY   .1812   IN. 

UNDER  STRESS  OF  1180  LB.  PER  SQ. 

IN.  WITH  ENLARGED   ENDS 

0.9316  IN.  WIDE 


Radius  of  connecting  curve 

(inches) 

% 

Vs 

T5 

Maximum  stress(lbs.  per  in.) 

1480 

1725 

1890 

Percentage  increase  of 

stress 

23.4 

43.8 

57.5 

This  concentration  of  stress  affords  an 
explanation  of  the  reason  why  brittle  mate- 
rials often  fail  near  the  enlarged  ends — an 


The  Effective  Length  ol  a  Test  Piece  in  Pure    Ten- 
sion 

It  has  already  been  pointed  out  that  the 
zero  isoclinic  bands  define  the  region  of  com- 
plex stress,  and  in  the  case  described  this  was. 
examined  independently  by  measuring  the 
stress  distribution  over  the  whole  region,  and 
the  results  obtained  verified  this  conclusion. 
It  is  therefore  an  easy  matter  to  establish  how 
much  of  the  parallel  portion  of  a  test  piece- 
is  in  pure  tension. 

Thus  in  the  case  already  cited,  where  the 
radius  of  the  connecting  arcs  was  successively 
diminished  from  one  quarter  of  an  inch  to. 
zero  with  a  ratio  of  breadths  of  slightly  more 
than  two  it  was  found  that  the  penetration 
of  the  complex  stress  distribution  into  the 
parallel  portion  decreased  wTith  the  radius, 
of  curvature,  as  Table  II  shows,  and  therefore, 
apart  from  the  consideration  of  increased 
local  stress  the  test  bar  with  sharpest  re-en- 
trant angles  has  the  greatest  length  in  pure 
tension,  although  it  is  less  fitted  for  trie- 
purpose  required  by  reason  of  the  high  local 
stress  produced.     Fig.  ID 

For  any  form  of  enlarged  end  it  is  there- 
fore possible  to  determine  the  fractional  part 
of  the  length  k  under  pure  tension  for  any- 
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length  of  test  bar,  in  terms  of  the  length  D 
en  the  shoulders  and  the  lesser  breadth 
b.     For  example,  in  the  present  cases  with  a 
connecting  radius  "t  '  t  in. 
,     D-  l 
k=        D 

or  D(k-l)=l 


—  raKTiOHiu.  fWo-  »  TtrrB**  «-ft»t7f«,o/v  m  Vamaa  fimes  c>  U*<rm  nSt£WT-- 


a  curve  of  the  form  xy  =  constant  which  con- 
tinually approaches  but  never  reaches  the 
line  A-  =  unity. 

The  hyperbolic  curves  showing  the  general 
relations  of  k  to  D/b  are  shown  in  Fig.  8 
for  the  four  cases  described,  and  it  is  clear 
that  similar  diagrams  may  be  constructed 
for  any  form  of  plate  tension  member. 

The  British  Standard  Test  Bar 
for  Plates 

Apparently  the  dimen- 
sions of  the  best  known 
British  standard  test  bar 
were  determined  by  the 
capacities  of  the  testing 
machine  then  available, 
which  made  it  advisable 
to  secure  a  cross  section 
of  not  more  than  one 
square  inch  so  that  any- 
test  piece  could  be  tested 
to  destruction  in  a  fifty- 
ton  machine. 

The  Engineering  Stand- 
ards Committee  therefore 
adopted  a  standard  gauge 
length  of  S  in.  with  a  par- 
allel part  not  less  than  9  in. 
long  connected  by  arcs  of 
circles  having  a  radius  of 
one  inch  to  enlarged  ends 
of  a  width  at  least  half  an 
inch  greater  than  the  cen- 
tral portion,  this  latter 
being   fixed  bv  the  condi- 


J.meS  orFXi/KiFm.  Smess- 
Fig    9 
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tion  that  the  total  section  shall  not  exceed 
one  square  inch. 

The  most  unfavorable  case  is  therefore  a 
narrow  width  in  the  gauge  length  with  very 
wide  ends.  This  standard  is  so  important 
in  British  engineering  that  a  very  complete 
experimental  analysis  was  carried  out  of  the 
stress  distribution  in  a  model  3/10  full  size 
having  a  width  0.4488  in.  in  the  gauge 
length  with  a  parallel  portion  corresponding 
to  9  in.,  and  0.855  in.  at  the  enlarged  ends. 

For  such  a  case  there  is  a  slight  amount  of 
complex  stress  within  the  gauge  length,  as  the 
isoclinic  bands  and  lines  of  principal  stress 
of  Fig.  9  show,  but  the  measurements  of  the 
stress  distribution  along  the  axis  and  the 
contour,  as  exhibited  in  Fig.  9,  show  that 
the  disturbance  is  insignificant;  but  just 
beyond  the  join  of  the  straight  portion  with 
the  connecting  arcs,  where  the  tangent 
reaches  an  angle  of  about  15  deg.  with  the 
axis  the  stress  rises  to  a  maximum  of  1470 
pounds  per  square  inch  when  the  stress  in 
the  gauge  length  is  1230  pounds  per  square 
inch,  or  nearly  20  per  cent  more  than  the 
mean  average  value. 

Adopting  for  convenience  a  zero  cross 
section  passing  through  the  centers  of  the 
connecting  arcs,  the  principal  stresses  were 
determined  at  points  along  cross  sections 
1/10  in.  apart  in  the  region  of  complex  stress, 
and  from  these  observations  the  normal  stress 
distributions  at  these  sections  are  shown  in 
Fig.  10,  in  which  the  specimen  is  drawn  to 
different  horizontal  and  vertical  scales  for 
convenience  of  representation.  These  ob- 
servations show  that  in  the  enlarged  ends 
when  approaching  the  discontinuity  the 
stress  is  always  a  maximum  along  the  center 
line  and  that  the  greatest  variation  takes 
place  across  the  shoulders,  beyond  which 
the  stress  distribution  tends  towards  a  max- 
imum at  the  sides  and  finally  becomes  uniform 
in  the  gauge  length. 

In  every  case  where  variations  of  normal 
stress  occur  at  a  cross  section  they  are  ac- 
companied by  cross  stress  and  shear,  which 
at  some  points  have  considerable  intensities. 
The  slightly  variable  stress  distribution  in  the 
gauge  length  was  found  to  disappear  when  the 
enlarged  ends  had  a  breadth  about  13  per 
cent  greater  than  that  of  the  gauge  length, 
and  it  was  proved  that  even  when  the  ratio 
5/6=1.905  it  did  not  occur  therein  if  the 
parallel  part  was  increased  to  9.34  inches. 
Experiment  also  showed  that  there  was  not 
much  change  in  the  maximum  stress  at  the 
contour  for  wide  variations  in  the  breadth 
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of  the  enlarged  ends,    tt  is  tl  parent 

that  there  is  little  to  criticise  in  the  form, 
■  1   contour  stress  seems  in- 
•  any  form,  bul  it  would  undoubt- 
edly be  safer  to  increase  the  minimum  length 
allel  portion,  and  thereby  avoid  all 
risk   oi  stress  in   the  gauge  length 

•nstanccs. 

Cylindrical  Test  Specimens 

The  exper  not  show  what  haj 

for  tension  meml ular  cross  section, 

hut   si  al   considerations  appear  to 

thai  the  disturbing  effects  of  the  ends 

:  med  by  a  similar 

iur  in  the  round,  for  the  stress  variation 

is  primarily  due  to  the  change  of  section,  and 

in  a  flat  member  this  is  proportional  to  the 

width,  while  in  a  round  bar  it  is  proportional 

to  the  square  of  the  width  and  the  disturbing 

is  therefore  likely  to  be  more  widely 

distributed  in  the  latter  case. 

It  seemi  d  de  irable  to  prove  this  by  direct 
experiment  although  it  is  much  more  difficult 
to  make  observations  because  a  cylindrical 
rod  bends  all  rays  without  causing  them  to 
come  to  an  exact  focus,  and  a  parallel  beam 
is  contracted  to  a  narrow  band,  while  the 
1  •  curvature  of  the  discontinuity  dis- 
the  light  completely.  This  difficulty 
however,  was  got  rid  of  by  enclosing  a 
cylindrical  test  piece  in  a  flat  sided  cell, 
Pig.  11,  consisting  of  two  plates  of  nitro- 
cellulose bored  out  to  nearly  fit  the  specimen, 
the  narrow  space  between  them  being  filled 
with  a  liquid  of  the  same  refracture  index  as 
the  specimen  and  enclosing  plates.  The 
presence  of  uniformly  distributed  stress  is 
then  shown  by  bands  of  color  parallel  to  the 
contour,  and  the  divergence  from  parallelism 
affords  a  means  of  detecting  the  presence  of 
complex  stress.  In  this  manner  it  was  shown 
that  the  region  of  complex  stress  extends 
somewhat  further  into  the  gauge  length  for  a 
cylindrical  rod  than  for  a  flat  bar  of  the  same 
contour. 

hi  this  connection  it  is  of  interest  to  note 
that  tension  tests  are  often  made  mi  short 
lengths  turned  from  a  cylindrical  rod.  Exam- 
ples of  this  kind  are  furnished  by  specifica- 


tions used  by  the  Royal  Air  Force  during  the 
war  in  which  specimens  with  an  area  of 
x/l  square  inch  in  the  reduced  part  of  the 
section  are  tested  mi  a  gauge  length  of  2 
in.  with  a  parallel  part  2J4  in-  long  with 
curved    profiles    shaped    by    arcs    of    circles 
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which  in  one  case  is  of  ]/%  in.  radius  with 
enlarged  ends  %  in.  in  diameter,  and  in 
another  has  a  radius  of  34  in-  and  ends  as 
large  as  possible.  Both  these  forms  have 
been  investigated  in  the  flat  with  the  larger 
width  taken  as  J/g  in.,  and  it  was  then  shown 
that  in  the  former  the  gauge  length  coincides 
almost  exactly  with  the  extreme  length  under 
uniform  stress,  and  that  a  maximum  stress 
occurs  just  beyond  the  parallel  portion  of 
1.11  times  the  mean  stress  within  the  gauge 
length.  In  the  specimen  with  !4  in.  profiles 
only  7^  of  the  gauge  length  was  found  to 
lie  in  pure  tension,  and  the  maximum  stress 
increased  to  1.17  times  that  in  the  gauge 
length  under  uniform  stress.  It  is  therefore 
unlikely  that  either  of  the  corresponding 
cylindrical  forms  fulfil  the  conditions  required 
for  a  tension  test  and  it  has  been  shown  in 
practice  that  a  considerable  proportion  of 
test  specimens  of  hard  materials  breaks  at  a 
section  just  beyond  the  parallel  part. 

(To  be  continued) 
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ENGINE   ROOM   OF   THE   ALL-ELECTRIC   EXPRESS   AND  PASSENGER  SHIP   CUBA,  SHOWING   STARBOARD 
SIDE  OF  THE  PROPULSION  TURBINE  GENERATOR 


WHY  THE  GENERAL  ELECTRIC   COMPANY  ADVOCATES 
ELECTRIC  DRIVE  OF  SHIPS 


The  beginning  of  new  developments  involv- 
ing elaborate  engineering  and  large  con- 
structions are  highly  undesirable  and  un- 
profitable unless  they  can  afford  a  definite 
measure  of  success  which  will  insure  repetition 
orders.  The  first  steps  in  new  lines  of  manu- 
facture are  almost  always  unprofitable  in 
themselves  and  many  false  starts  may  bring 
ruin  to  any  manufacturer. 

For  these  reasons  it  is  obvious  that,  while 
electric  drive  may  offer  a  new  demand  for 
electrical  apparatus,  the  demand  could  never 
form  a  basis  of  profitable  business  unless  a 
definite  need  was  successfully  and  economi- 
cally satisfied.  These  principles  were  in 
definite  view  when  the  General  Electric 
Company  approached  the  Navy  Department 
years  ago  with  finished  designs  of  electric 
drive  equipments  for  battleships.  The  appli- 
cations which  have  been  made  to  naval 
vessels  have  given  a  success  in  exact  agree- 
ment with  predictions  and  consequently  a 
very  large  demand  has  been  created  in  this 
field. 

In  the  case  of  merchant  ships  certain 
conditions  are  absent  which  add  to  the  advan- 
tages of  this  drive  in  war  vessels.  Economy 
at  widely  varying  speeds  is  not  equally 
valuable  and  certain  matters  of  location  of 
parts  and  interchangeability  of  units  in  use 
are  less  important.  In  such  vessels  the 
reasons  for  using  electrical  apparatus  instead 
of  mechanical  gearing  as  a  speed  reducing 
bond  between  turbines  and  propellers  is  less 
obvious  and  should  be  definitely  considered 
on  its  merits. 

While  the  Deisel  engine  for  ship  work  has 
had  a  large  and  very  interesting  develop- 
ment, it  is  obvious  that  in  the  existing  state 
of  our  knowledge  the  use  of  steam  must  be 
considered  for  most  large  vessels,  and  it  is 


also  obvious  that  the  high-speed  steam  tur- 
bine has  advantages  over  the  engine  or  the 
low-speed  turbine  which  must  cause  the 
replacement  of  the  latter  types  if  reliable 
means  for  the  use  of  the  high-speed  turbine 
are  available. 

The  General  Electric  Company  has  been 
the  largest  producer  of  geared  turbine  ship 
machinery  in  the  world.  It  has  built  such 
machinery  for  366  ships  aggregating  over  two 
million  horse  power.  While  a  variety  of 
troubles  have  developed  in  this  work,  the 
average  service  and  durability  of  this  machin- 
ery has  compared  favorably  with  the  results 
obtained  by  the  best  of  other  manufacturers 
and  the  General  Electric  ships  with  ma- 
chinery of  certain  designs  have  shown  longer 
service  and  better  results  than  any  other 
geared  turbine  vessels. 

The  Company  has  carried  on  extensive  ex- 
perimentation with  turbines,  gears,  and 
electrical  apparatus  for  ships.  These  studies 
have  clearly  shown  that  if  the  conditions  of 
reversing  and  turbine  applications  are  cor- 
rectly allowed  for.  the  electric  drive  gives  a 
transmission  efficiency  practically  equal  to 
that  of  gears  in  the  best  condition;  that  it 
affords  simple  rotation  and  freedom  from 
mechanical  hazards;  that  it  greatly  simpli- 
fies the  turbine  and  avoids  in  it  dangerous 
temperature  effects;  that  it  affords  space 
saving  in  most  ships  and  in  many  cases 
eliminates  long  lines  of  shafting  and  shaft 
alleys;  and  that  it  is  easily  repaired  without 
the  use  of  machine  shops  and  affords  the  most 
dependable  kind  of  machinery  which  has 
ever  been  used  to  drive  vessels.  If  such  good 
reasons  did  not  exist,  it  would  be  folly  for  the 
General  Electric  Company  to  try  to  intro- 
duce this  method  of  ship  propulsion. 

W.  L.  R.  Emmet. 
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A  NEW  ERA  FOR  ELECTRICITY  IN  THE  MERCHANT  MARINE 


The  remarkable  progress  during  the  last 

thirty    years   in    applying   electrii 
operation    of   machinery   in    many    difl 

iirs    of    industry    makes    all    the    more 
licuous    the    lack    of    extensive    instal- 
lations   in    the    merchant    marine.      With    a 
few   exceptions,    the   electric  equipments   of 

ships  cons  i  i  >i  generating 

and  lights.  Many  large  passenger  liners 
built  in  Great  Britain  or  Germany  have  had 
rather  extensive  electric  equipments,  but 
in  many  of  these  the  deck  winches  and 
anchor    windlass    are    operated    by    steam. 

This  failure  to  utilize  electricity  for  power 
ations  in  the  past  may  have  been  a 
result  of  the  conservatism  of  ship  owners 
and  shipbuilders,  due  to  a  belief  in  the  in- 
ability of  electric  apparatus  to  meet  the 
service  conditions  on  shipboard  or  to  a  fear 
that  the  working  force  on  ship  or  dock  might 
not  readily  become  accustomed  to  the 
operation  of  such  machinery,  or  it  may  have 
due  to  the  lack  of  sufficienl  interest  and 
enthusiasm  on  the  part  of  electrical  manu- 
facturer^; but  tin'  advent  of  the  motor  ship 
has  introduced  a  new  factor  into  the  situation 
that  is  expected  to  bring  about  a  very  large 
use  of  electrically  operated  auxiliaries  on 
hips. 

The  great  saving  in  fuel  accomplish, 
using   i  aerators  driven   by  internal 

combustion  engines  for  operating  electric 
auxiliaries,  as  compared  with  steam  auxil- 
iaries supplied  by  a  special  boiler  for  that 
purpose,  has  Kd  recently  to  a  considerable  use 
ectric  auxiliaries  on  motor  ships.  The 
experience  thus  obtained  will  lead  to  greater 
confidence  in  the  economy,  reliability,  and 
enience  of  installation  and  operation  of 
this  class  of  machinery;  and  once  this  con- 
fidence is  obtained  it  cannol  be  doubted  that 
steamship  owners  will  be  favorably  impressed. 

The  superiority  of  electric  apparatus  is 
well  shown  by  its  very  extensive  use  in  late 
years  by  the  U.S.  Navy  on  war  vessels. 
During  the  Spanish  war  only  two  turrets 
were  trained  by  electric  motors,  in  addition 
to  which  there  were  but  a  few  small  motors 
ol  seven  horse  power  and  less  for  operating 
ammunition  hoists  for  eight-inch  and  smaller 
and  also  a  few  small  blower  motors. 
From    1898,   when    the   large   electric  instal- 


lations "ii  battleships  were  begun,  the  use  of 
electricity  for  this  purpose  has  extended  to 
nearly  all  the  auxiliaries  outside  the  engine 
and  fire  rooms,  including  steering  gear, 
anchor  windlass,  warping  capstan,  deck 
winches,  boat  cranes,  ventilating  blowers, 
pump-,  turrei  turning,  gun  elevating,  gun 
rammers,  ammunition  hoists,  galley  and  laun- 
dry machinery.  On  the  latest  eleven  battle- 
ships and  six  battle  cruisers  the  propelling 
equipments  arc  electric,  as  are  part  of  the 
turbine  room  auxiliaries.  If  twenty-five 
years  of  continuous  experience  with  electrical 
apparatus  on  shipboard  has  led  the  Navy 
Department  to  adopt  it  so  extensively,  it 
may  surely  be  expected  that  its  use  on  pas- 
senger and  cargo  vessels  will  give  entirely 
satisfactory  results. 

There  is  one  incidental  advantage  in  the 
electric  operation  of  auxiliaries  and  of  pro- 
pelling machinery  that  should  not  be  over- 
looked, and  that  is  the  ease  of  making  power 
measurements.  Thus  to  the  natural  economy 
of  electric  operation  is  added  the  refinement 
of  further  improvement  of  economy  by  a 
study  of  the  power  consumption  of  various 
kinds  of  equipment  with  a  view  to  selecting 
the  most  efficient  apparatus  and  methods  of 
operation. 

It  has  been  considered  by  some  that  the 
cost  of  electric  equipment  is  considerably 
more  than  that  of  steam  equipment.  While 
certain  individual  pieces  of  machinery,  such 
as  deck  winches,  cost  more  when  provided 
with  electric  motors  and  control  than  when 
provided  with  steam  engines,  the  cost  of  the 
installation  as  a  whole,  including  electric 
cables  in  place  of  steam  pipes,  and  also 
including  the  labor  of  installation,  is  not 
excessive  when  considered  in  connection  with 
its  advantages  of  operation  and  maintenance. 

The  authors  of  the  articles  in  this  issue 
are  thoroughly  familiar  with  service  con- 
ditions on  shipboard  and  have  made  a 
careful  study  of  the  characteristics  required 
of  the  apparatus,  and  it  is  believed  that 
their  statements  will  promote  a  more  favor- 
able consideration  of  the  use  of  electricity 
on  shipboard,  leading  to  an  extensive  electri- 
fication of  vessels  comparable  to  that  already 
existing  in  factories. 

Maxwell  W.  Day. 
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Our  American  Merchant  Marine 

By  Rear  Admiral  W   S.  Benson 
Chairman,  United  States  Shipping  Board 


Our  shipbuilding  is  in  rivalry  with  no  one. 
We  were  content  to  see  our  commerce  carried 
in  the  bottoms  of  other  nations.  It  was  not 
until  urged  by  our  allies  to  engage  in  ship- 
building on  a  stupendous  scale  that  we 
attempted  to  rehabilitate  our  fast  diminish- 
ing fleet.  A  world  emergency — the  civiliza- 
tion of  the  world  was  at  stake  and  we  were 
told  that  ships  and  more  ships  were  the  cry- 
ing need.  They  that  went  out  for  ships  we 
answered  and  the  noble  .response  of  our  citi- 
zens who  bought  Liberty  Bonds  to  finance  the 
building  of  these  ships  aroused  the  admiration 
of  the  world.  The  records  of  our  shipbuilders 
stirred  the  imagination  of  all.  It  was  real 
teamwork  and  history  in  the  making.  Our 
workmen  broke  world  records  in  ship  con- 
struction and  riveting  rivalry  speeded  up  ship- 
building. America  applauded  these  efforts. 
Then  came  the  armistice.  A  new  set  of 
problems  was  before  us. 

It  took  courage  to  spend  large  sums  of 
money  in  this  effort,  and  Edward  N.  Hurley 
showed  how  big  a  man  he  was  by  the  coura- 
geous way  in  which  he  met  the  problems 
before  him,  first  in  the  construction  of  ships 
and  then  in  handling  the  situation  when  a 
sudden  cessation  of  hostilities  completely 
upset  the  huge  war  machinery  set  up  under 
his  direction.  Mr.  Hurley  was  equally  as 
brave  and  farsighted  when  he  cut  down  our 
construction  program  to  a  point  where  we 
saved  more  than  $600, 000, 000  by  the  cancel- 
lations he  effected.  It  was  no  easy  task  and 
men  of  large  affairs  know  what  problems  must 
have  confronted  the  Shipping  Board  when  it 
saw  the  need  of  shutting  off  many  shipbuild- 
ing activities.  Problems  of  reconstruction; 
the  need  of  employing  our  returning  soldiers; 
the  fear  of  sudden  stoppage  of  work  precipi- 
tating undue  injury  upon  patriotic  men;  all 
had  to  be  considered. 

But  that  is  now  history.  It  is  what  we  have 
before  us  today  that  is  of  most  interest  and  so 
I  shall  deal  with  that.  The  United  States 
Shipping  Board  came  into  existence  several 
months  before  we  entered  the  World  War. 
Its  real  purpose  was  to  be  a  regulatory  body  of 
shipping,  with  vast  powers  that  could  be 
utilized  to  build  up  our  merchant  shipping. 
The  Shipping  Board  had  hardly  assumed  an 
organized  form  when  the  United  States  was 


drawn  into  war.  Then  we  plunged  into  a 
record  breaking  ship  construction  program, 
which  is  now  near  completion.  The  ships 
which  we  built  during  the  war  played  a  win- 
ning part,  carrying  our  products  to  the  men 
at  the  fighting  front.  It  should  not  be  for- 
gotten that  as  a  result  of  our  merchant 
marine  and  what  we  were  able  to  whip  into 
shape  between  the  declaration  of  war  and  the 
time  when  our  men  were  ready  for  hostilities 
95  per  cent  of  their  supplies  including  muni- 
tions were  carried  overseas  in  American  bot- 
toms. Approximately  45  per  cent  of  our 
fighting  men  went  over  in  American  bottoms. 
That  is,  about  a  million  men  sailed  overseas 
in  our  ships. 

I  believe  that  we  must  develop  a  better 
motive  power  for  our  ships.  My  own  thought 
is  this:  We  know  the  effectiveness  of  the 
Diesel  engine  and  its  economy,  and  my 
present  intention  is  to  try  to  develop  the  same 
principle  in  the  electric  generator  and  to  use 
the  electric  power  as  the  motive  power  for 
driving  the  ships;  in  other  words,  the  electric 
drive.  We  have  demonstrated  in  our  battle- 
ships that  the  electric  drive  is  much  more 
economical  than  the  ordinary  turbine  engine. 
It  was  my  privilege  to  combat  the  opposition 
to  turbine  drive  and  to  make  electric  drive 
permanent  in  our  battleships. 

The  electric  drive  is  more  economical  than 
the  ordinary  turbine  engine,  and  we  all  know 
that  the  Diesel  oil  engine  is  much  more  eco- 
nomical than  the  ordinary  method  of  driving 
ships.  I  am  using  every  effort  that  I  can  to 
develop  the  Diesel  principle  in  connection 
with  the  electric  generator,  with  the  purpose 
of  using  the  electric  current,  which  is  no 
longer  an  experiment  for  driving  ships. 

Practical  ship  operators  will  realize  the 
tremendous  waste  of  power,  weight,  room? 
and  everything,  in  the  various  auxiliaries 
aboard  our  ships.  We  must  do  away  with 
them.  We  must  use  something,  and  I  believe 
the  electric  power  is  the  thing  that  will  do  it, 
for  all  of  our  auxiliaries  aboard  ship;  all  of  these 
little  things  must  be  looked  after.  We  must 
save  every  pound  of  coal ,  every  gallon  of  fuel-oil , 
that  we  possibly  can;  and  when  I  sav  coal  I 
say  it  with  a  great  deal  of  regret,  because  our 
competitors  will  try  to  persuade  us  that  we 
must  go  back  to  coal  burning,  that  we  cannot 
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1   in  all  parts  of  the  world,  or  that  it 
t  pay,  or  something  of  that  kind.    It  we 
give  up  fuel-oil  in  these  modern  times, 
unless  we  can  gel  something  better,  we  might 
as  well  take  to  the  woods  and  cut  wood  for  our 
fuel.      We    can'1     cope    with    foreign    com- 
rs  on  any  other  basis. 
I  feel  this  thing  most  seriously,  and  I  men- 
tion soi  e  things  because  this  is  not  a 
ship  owner's,  nor  a  shipbuilder's,  nor  a  sea- 
faring proposition;  it  is  an  American  proposi- 
tion, a                  ils  to  every  American  citizen. 


control  and  use  of  the  radio  service  by  the 
government  under  the  Navy,  which  has 
proven  so  effective  and  so  useful  to  the  com- 
mercial interests,  not  only  during  the  war. 
but  since  the  armistice. 

;e  who  worn'  most  about  our  entrance 
into  ocean  commerce  must  be  our  cousins 
overseas — the  British.  For  many  centuries 
the  mistress  of  the  seas,  she  has  carried  the 
ige  of  commercial  advancement.  But 
it  is  essential  that  the  world  should  under- 
stand   that    we,    who    fully    appreciate    the 


New  York  1 

Baltimore  - 

Philadelphia  3 

New  Orleans  -I 

Norfolk  5 

S:m  Francisco     .  6 

Newport  News  .  7 

Savannah        ...  x 

Seattle  '.' 

Bost  10 
11 

Porl   Arthur          .  12 
13 

Charleston  14 

Portland,   Ore.  15 

Jacksonville  1(1 

Portland,  Me.  17 

Perth  Am  boy    .  .  IS 

Wilmington,  N.C.  19 

Los   Angeles  I'd 

i  _'  1 
Tacoma 

Tampa  23 

San  Pedro 24 

Houston  25 

Key  W  26 

Total    ... 


20,079,574 


It  is  necessary  for  us  to  have  a  merchant 

marine  in   which   we   can   carry   our  surplus 

ts  to  foreign  countries.     We  need  it  in 

our  national  defense.     We  need  it  in  every 

phase  of  our  life,  and  now.  at  the  close  of  my 

r,  and  accepting  this  position 

as  Chairman  of  the  United  States  Shipping 

Hoard.  I  appeal  to  every  American  citizen  to 

give  u  mpathetic  and  constructive 

irt. 

Furthermore,  in  view  of  the  international 

i    throughout    the   war. 

hould  be  given  to  the 


sen-ice  rendered  by  other  nations,  are  now 
ship  independent  in  the  development  of  our 
ocean  carrying  trade.  We  mean  to  play  our 
part  in  manly  American  fashion,  and  have 
done  so  from  the  start. 

Gladly  I  would  and  do  pledge  myself  to  help 
see  that  not  only  my  own  but  other  govern- 
ments be  brought  to  a  point  where  they  fully 
agree  to  retire  absolutely  from  ocean  carriage 
which  could  only  mean  uneven  competition 
with  the  private  owner.  We  are  endeavoring 
to  do  this  as  quickly  as  possible  and  the  law 
demands  it. 
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EXPORTS 

IMPORTS 

EXPORTS  AND  IMPORTS 

Tonnage 

Percent- 
age of 
Total 

Tonnage 

Percent- 
age of 
Total 

Percent- 
Ti  mminr                    age  of 
Total 

1919 
July 

741,943 
1,621,867 
1,448,528 
1,080,135 
1,(178,404 
1,000,099 

951,986 

883,9L';, 

984,514 

1,311,241 

1,162,551 

1,114.041 

5.55 
12.12 
10.83 
8.07 
8.06 
7.47 

7.11 
6.61 
7.. 'Hi 
9.80 
8.69 
8.33 

448,848 
437,294 
476,146 
714,118 
435,079 
503,881 

403,045 
677,667 
695,769 
881,825 
707,889 
854  607 

6.20 
6.04 
6.58 
9.87 
6.01 
6.96 

5.57 
9.37 

9.62 
12.19 

9.78 
11  81 

1,190,791                    5.78 

September      

October 

November 

December 

1920 

January   

February   

March 

April 

May   

Ittne   .. 

1,924,674               9.34 
1,794,253                 8.70 
1,513,483                7.34 
1,503,980                7.30 

1,355,031                6.57 
1.561,592                 7.57 
1,680,283                8.15 
2,1  '.1:1,066             10.64 
1,870,440               9.07 
1,968,648                9.55 

Total 

13,379,234 

100 

7,236,168           loo 

20,615,402         !  100 

The  magnitude  of  our  effort  in  world  ship- 
ping may  seem  to  spell  disaster  to  other 
nations.  But  it  should  not.  We  are  only 
making  up  for  the  submarine.  By  force  of 
world  emergencies  we  have  had  to  replace  the 
enemy  whose  proud  position  in  maritime 
fields  was  wrested  from  her  by  the  splendid 
work  of  our  allies  with  whom  we  fought  dur- 
ing the  most  deadly  part  of  the  war. 

Figures  are  uninteresting  as  a  rule  but  I 
must  submit  them  in  order  to  give  a  fair 
analytical  presentation  of  conditions.  An 
analysis  of  Shipping  Board  activities  in  export 
and  import  trade  for  the  fiscal  year  ending 
June  30,  1920,  will  be  helpful. 

A  resume  of  the  activities  of  Shipping 
Board  vessels  shows  that  during  the  fiscal 
year  these  vessels  carried  exports  of  13,379,234 
tons  and  imports  of  7,236,168  tons,  a  total  of 
20,615,402  tons,  through  forty-nine  United 
States  ports.  In  this  connection  it  is  noted 
that  24  per  cent  (1,720,733  tons)  of  the  imports 
consisted  of  crude  petroleum.     Exports  were 


forwarded  from  forty-four  ports  and  imports 
were  received  at  thirty-one  ports.  Twenty- 
six  of  these  ports  handled  over  97  per  cent 
(20,079,574  tons:  exports  12,959.802  tons, 
imports  7,119,772  tons)  of  the  entire  tonnage 
moved.  Table  I  shows  these  twenty-six  ports 
arranged  in  order  according  to  total  tonnage 
handled  by  each.  Relative  rank  by  volume 
of  exports  and  imports,  as  well  as  the  percent- 
age of  the  total  tonnage  handled  through  each 
port,  is  also  indicated. 

As  of  particular  interest  it  is  noted  that  of 
our  total  foreign  trade  during  the  vear, 
71,586,250  tons,  57  per  cent  (40.463,397  tons) 
was  carried  by  American  vessels,  29  per  cent 
by  Shipping  Board  and  28  per  cent  by  inde- 
pendents. Table  III  shows  the  relation  of 
Shipping  Board  and  other  American  carriers 
to  the  entire  foreign  commerce  of  the  United 
States  during  the  fiscal  year  ended  June  30, 
1920. 

The  total  documented  sea-going  merchant 
marine  of  the  United  States  (500  gross  tons 


TABLE   III 


AMERICAN 

FOREIGN                     TOTAL 

U.S.S.B. 

Independent                                Total 

Tons 

Tons 

Per 
Cent  of 
Amer. 

Per 

Cent  of 
Total 

Tons 

Per           Per 
Cent    of  Cent   of          Tons 
Amer.      Total 

Per 
Cent  of 
Total 

Cent  of 
Total 

Tons 

Exports     

Imports       .... 

13379234 
7236168 

63 
38 

30 
27 

7942552 
11905443 

37 
62 

17 
45 

21321786 
19141611 

47 
72 

23793933 
7328920 

53 
28 

45115719 
26470531 

Total.  .. 

20615402 

51 

29  ' 

111847995 

49  - 

•   28 

10463397 

57 

31  122853 

43 

71586250 
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■■  tober    I.    1920   consisted  of 
I  i  .7i  is.::  12  gross  tons  i 
proximately  17,562,513  deadweight  tons. 

( If  tins  total  the  Shipping  B  owns 

1627  6,862,548     ro      ton     i  quiva- 

lenl     to     10,293,308    deadweight    tons.      Of 
wned  by  the  Shipping  Boar 
:;  036,065    deadT  i  on;     arc 

vessels  of  less  than  5000  deadweight  tons 
each. 

and  6000  deadweight 

tons  number  117  or  771. 7-".  I  deadweight 
tons. 

Tin-  tonna  ive  vessels  at  present 

controlled  1>\  the  Shipping  Hoard  exclusive 
ol  the  vessels  operated  by  the  Army  and 
Navy  and  under  Bareboat  and  Time  Char- 
ter tire  distributed  in  the  various  trades  as 
follows : 


38  per  cent 
9  per  cent 
-1  per  cent 
1 7  per  cent 
15  per  cent 
it  per  cent 
6  per  cent 
_'  per  cent 
ports 


in  Northern  European 

"  Southern  European 

"  African 

"  Trans-Pacific 

"  South  American 

West  Indies  and  Caribbean 
"  Domestic  Service 
"  Operating  between  foreign 


Of  the  steel  vessels  owned  by  the  Shipping 
Hoard  engaged  in  these  services  589  are 
operating  from  North  Atlantic  ports,  89  from 
South  Atlantic  ports,  229  from  Gulf  ports, 
132  from  Pacific  ports,  89  are  employed  in 
coastwise  service,  53  are  operating  between 
foreign  ports,  113  are  at  present  unallocated 
to  any  designated  berth  liner  service.  These 
latter  virtually  constitute  the  tramp  service 
of  the  fleet. 

Of  the  total  operating  on  the  North  Atlan- 
tic District  271  vessels  are  operating  from  the 
Port  of  New  York.  102  from  Norfolk,  90  from 
Baltimore.  70  from  Philadelphia,  23  from  Bos- 
ton and  1  from  Portland,  Maine. 

The  total  deadweight  operating  from  North 
Atlantic  ports  is  3,991,504.  Of  the  total  ton- 
tint;  in  berth  liner  service  54  per 
cent  of  the  deadweight  tonnage  is  operating 
from  the  Atlantic  i 

The  total  tonnage  operated  by  the  United 
States  Shipping  Board  excluding  vessels  oper- 
Army  and  Navyal  I  »cti  ber  l .  1920, 
numbered  1611  vessels  or  a  deadweight  ton- 
nage of  10,150,759.  Sixteen  vessels  were 
d  by  the  Army  and  Navy. 

Of  the    1027  vessels  owned  and  controlled 

Shipping  Board  on  October  1.   1920, 

1504  were  cargo  vessels,  27  were  cargo  and 


passenger  vessels,  70  were  tankers,  15  refrig- 
.  rator  .  and  5  I  ransports. 

o  and  passenger  vessels  include 
two  chartered  from  Pent  on  which  the  Ship- 
i  It  iard  litis  an  optional  agreement  of  pur- 
Included  in  the  total  number  of  vi 
owned  and  controlled  a1  <  October  1.  1020,  are 
28  I  wood  and  composite  vessels,  and  5  con- 
crete vessels. 

At  the  close  of  September,  1920,60  oi 
wood  vessels  wire  in  active  service  and   224 
were  in  charge  of  managing  caretakers  and 
withdrawn  from  operation. 

And  now  we  come  to  the  manning  of  our 
ships.  At  the  time  we  entered  the  World  War 
there  was  not  only  a  shortage  of  American 
ocean  tonnage  but  of  men  to  man  the  bottoms 
embraced  in  the  ship  construction  program. 
To  meet  this  condition,  the  Board  has  to  date 
trained  through  its  Recruiting  Service  i  iver 
14,000  officers  and  33,000  men  below  the  grade 
of  officerfor  the  Merchant  Marine.  During  the 
fiscal  year  ending  June  30.  1020.  the  Sea 
Service  Bureau  placed  on  American  vessels 
a  total  of  160,861  officers  and  men  of  which 
number  65  7  10  per  cent  were  Americans. 
When  the  Shipping  Board  through  its  agen- 
cies first  began  placing  men  on  ships  in  1017, 
at  the  Port  of  New  York,  which  is  used  as  an 
example  because  it  is  the  most  represented, 
90  per  cent  of  the  crews  placed  on  American 
vessels  were  aliens. 

For  the  past  twelve  months  37,271  officers 
and  men  were  placed  on  American  ships  by  the 
New  York  office  of  the  Sea  Service  Bureau. 
Of  that  number  60  per  cent  were  Americans; 
the  percentage  of  Americans  in  the  Deck  and 
Steward's  Department  is  lowered  by  the  per- 
centage of  aliens  in  the  fireroom,  there  being 
more  aliens  serving  in  that  department  than 
any  other  on  board  ship.  Of  this  number 
9318  were  able  seamen;  4937  or  about  53 
per  cent  of  that  total  were  Americans,  while 
4881  were  foreigners.  A  total  of  2968  ordi- 
nary seamen  were  placed  in  sea  service,  of 
this  total  2041  or  nearly  90  per  cent  were 
Americans.  The  ordinary  seamen  of  today 
are  the  able  seamen  and  officers  of  tomorrow. 
In  addition  to  its  other  activities,  the  Recruit- 
ing Service  of  the  Shipping  Board  has  trained 
il  hundred  skilled  licensed  engineers  in 
the  operation  and  up-keep  of  marine  turbines; 
twenty-three  especially  qualified  men  have 
been  trained  on  the  electric  drives.  We  are 
going  forward  with  the  work  of  developing 
and  raising  the  standard  of  the  personnel  of 
our  ships. 
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The  value  of  a  Merchant  Marine  as  an 
asset  to  this  Nation  is  enhanced  by  the  fullest 
employment  of  Americans  in  that  service. 
During  the  war  it  was  necessary  to  give  em- 
ployment in  the  Merchant  Marine  to  nation- 
als of  the  countries  allied  with  the  United 
States.     Most  valuable  service  was  rendered 


by  these  nationals  and  theirs  was  a  great 
contribution  toward  the  winning  of  the  war. 
The  time  has  now  come  when  our  American 
Merchant  Marine  should  be  put  upon  a  peace 
footing  and  every  effort  is  being  made  to 
increase  the  proportion  of  American  citizens 
in  its  employment. 


Activities  of  Merchant  Marine  and  Fisheries  Com- 
mittee of  the  House  of  Representatives 


By   Hon.   Frank  Crowther 
Member  of  the  Committee 


The  Merchant  Marine  Act  of  1920  is  the 
result  of  a  number  of  exhaustive  hearings  and 
investigations  held  and  made  by  the  Mer- 
chant Marine  and  Fisheries  Committee, 
covering  a  period  of  nearly  four  months. 
The  Committee  found  that  in  order  to 
establish  regularity  in  the  future  conduct  of 
the  numerous  different  shipping  activities 
operated  either  by  order  of  the  President 
through  emergency  legislation  or  by  the 
original  Shipping  Act.  it  would  be  necessary 
to  concentrate  all  of  these  operations  under 
one  authority,  repealing  such  legislation 
rendered  unnecessary  by  the  ending  of  the 
war  and  providing  new  legislation  for  the 
operation  and  handling  of  the  property. 

With  this  end  in  view  the  bill  (H.R.10378) 
has  for  effect,  first,  the  repealing  of  the 
various  bills  containing  legislation  in  con- 
nection with  the  upbuilding  of  the  merchant 
marine,  together  with  the  bills  containing  the 
unusual  powers  granted  to  the  President 
which  were  essential  for  successful  operation 
during  the  war.  It  also  transfers  all  the  power 
necessary  for  its  liquidation,  construction,  or 
operation  to  the  Shipping  Board,  fixing  the 
scope  of  the  Shipping  Board's  powers  so  that 
it  can  absorb  all  these  activities. 

At  the  beginning  of  the  World  War  less 
than  10  per  cent  of  our  foreign  trade  was 
being  carried  in  American  ships.  On  April 
27,  1920,  the  United  States  owned  approxi- 
mately 2000  merchant  vessels,  of  which  1149 
were  of  a  desirable  type  of  steel  vessel 
aggregating  in  round  numbers  7,000,000  tons. 

The  Committee  realized  that  the  operation 
of  such  a  gigantic  fleet  constituted  the  great- 
est commercial  enterprise  in  the  world. 
Our  fleet  represented  an  investment  per 
registered  ton  far  greater  than  a  like  invest- 
ment in  the  vessels  of  any  other  nation.  The 
costs  of  operation,   in   compliance  with   the 


existing  Shipping  Act,  were  far  greater  than 
for  other  nations.  It  was  therefore  necessary 
to  frame  such  legislation  as  would  provide 
every  possible  advantage  for  vessels  of  the 
United  States  when  owned  by  American 
citizens,  in  order  to  in  a  measure  offset  these 
stated  and  other  adverse  conditions. 

The  various  branches  of  the  executive 
force  of  the  Shipping  Board  appeared  before 
the  Committee  and  were  most  courteous  and 
painstaking  in  supplying  us  with  a  fund  of 
valuable  information. 

The  Committee  sought  information  and 
advice  from  every  possible  source,  and  the 
ordinary  seamen  who  appeared  in  opposition 
to  one  particular  measure  were  given  as  much 
consideration  as  though  they  had  been  the 
owners. 

The  various  sub-committees  gave  careful 
consideration  to  the  problems  of  load  line, 
registry,  ship  mortgages,  and  marine  insur- 
ance ;  and  the  result  of  their  labors  is  manifest 
in  the  sections  of  the  bill  relating  thereto. 

The  Committee  realized  that  possession 
of  a  large  tonnage  did  not  constitute  a  per- 
manent merchant  marine.  Steamship  lines 
must  be  established,  and  regular,  certain, 
and  permanent  service  secured.  This  will 
lead  to  the  establishment  of  commercial 
agencies  and  the  creation  of  business  facilities 
which  we  do  not  now  have  but  are  neces- 
sary to  success. 

We  need  a  Merchant  Marine  not  only  for 
our  commerical  growth,  but  for  the  nation's 
defense  in  time  of  war  and  the  stability  of 
domestic  industry  in  time  of  peace. 

As  the  activities  of  the  committee  are 
voluminously  reported  in  many  hundred 
pages  of  hearings,  I  have  tried  to  describe 
but  a  few  of  the  salient  features  of  our  task, 
and  thus  comply  with  the  editor's  request  as 
to  brevitv. 
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The  American  Bureau  of  Shipping 

By  Stevenson  Taylor 
President,  Ami  km  w  Bureai   oi  Shipping 


ms  anent  the  rehabilitation 
•    long   neglected    American    merchant 
marim  been  an  apparent  unanimity 

one  of  the  i  of  this 

much  desired  national  movement  is  an 
efficient  and  firmlj  established  classification 
.  This  fixed  determination  on  the  pari 
of  the  leading  proponents  of  the  revivification 
of  American  shipping  crystallized  into  action 
early  in  1916,  by  a  definite  program  of  re- 
financing and  breathing  the  breath  of  life 
into  the  then  existing  but  somewhat  somno- 
American  Bureau  of  Shipping.  It 
possessed  a  broad  charter  from  the  State  of 
New  York,  and  had  been  in  more  or  less 
successful  operation  since  1862,  its  history 
and  vicissitudes  during  that  long  period 
being  but  reflections  of  the  changing  status 
of  our  national  merchant  marine. 

Gigantic  have  been  our  shipbuilding  strides 
since  1916,  and  today  we  are  the  proud 
possessor  of  a  fleet  of  merchantmen  comparing 
favorably  and  only  secondarily  in  size  to 
that  of  Great  Britain  which  for  nearly  a 
century  past  has  led  all  the  nations  of  the 
earth  in  ocean  commerce.  The  expansion 
of  our  American  classification  society,  despite 
many  discouraging  circumstances,  has  been 
proportionately  as  great  to  keep  pace  with 
the  needs  of  our  fleet.  From  an  organization 
in  191  (')  having  but  two  offices  and  a  dozen 
or  so  employees,  it  is  today  in  a  firm  financial 
condition  and  its  branch  offices  cover  all  the 
principal  seaports  of  the  United  States.  All 
places  where  ships  are  built  or  where  ship 
material  is  manufactured  are  looked  after 
by  its  surveying  forces.  In  addition,  by  its 
alliances  with  the  British  Corporation,  the 
Registro  Navale  Italiano,  and  the  Imperial 
Japanese  Marine  Corporation,  it  has 
representatives  in  every  port  throughout  the 
where  American  ships  call  in  the 
extension  of  our  foreign  commerce.  At  m  h 
ports  as  Hamburg,  Antwerp, Havre, Bordeaux, 
Shanghai.  Rio  Janeiro  and  Havana  there  have 
n  established  exclusive  surveyors 
for  the  American  Bureau,  and  many  more 
I  shortly  in  order  that  our 
may  have  the  services  of  skilled 
American    surveyors    where    they    are    most 


The  rules  of  the  American  Bureau  of  Ship- 
ping are  essentially  the  same  as  those  adopted 
by  the  British  Corporation.  This  code  is  the 
embodiment  of  the  best  practices  in  ship 
construction,  and  was  prepared  by  the  best 
technical  talent  obtainable  in  the  shipbuilding 
industry.  To  keep  pace  with  the  rapid 
advancement  in  the  art  of  building  internal 
combustion  engines,  the  Bureau's  technical 
staff  is  at  present  engaged  in  the  formulation 
of  a  new  set  of  regulations  for  the  construction 
of  this  most  economical  method  of  ship 
propulsion.  In  the  preparation  of  these 
rules,  the  Bureau  has  consulted  with  the 
best  technical  talent  from  the  various  Ameri- 
can manufacturers  of  this  type  of  engine. 

The  rules  for  the  construction  of  wooden 
ships  have  recently  been  revised  along  the 
same  lines  of  procedure,  so  that  when  they 
are  promulgated  they  will  epitomize  the  best 
practice  in  the  world  for  that  particular  type 
of  vessel.  Although  steel  has  practically 
replaced  wood  for  ship  construction,  there 
will  be  in  this  country,  especially,  a  number 
of  wooden  craft  constructed  for  particular 
trades  for  a  number  of  years  yet  to  come. 

In  order  to  cover  all  classes  of  floating 
property  in  which  marine  underwriters  arc 
interested,  the  Bureau  will  shortly  undertake 
the  codification  of  special  rules  to  govern  the 
construction  of  certain  types  of  river  and 
harbor  steamers,  barges,  car  floats,  etc., 
which  thus  far  have  not  received  the  benefit 
of  special  classification  by  any  society. 

It  is  also  contemplated  that  at  no  very 
distant  date,  rules  will  be  drawn  up  to  a  <\  er 
the  construction  of  motor  boats,  of  which 
there  are  thousands  in  American  waters  and 
which  at  this  time  are  insured  without 
recourse  to  information  as  to  construction 
and  upkeep  which  should  be  furnished  by  a 
classification  society. 

The  American  Bureau  of  Shipping  is  now. 
by  act  of  Congress,  recognized  as  the  official 
classification  society  of  our  national  govern- 
ment. It  is  the  ambition  of  its  Board  of 
Managers  to  obtain  the  whole-hearted  support 
of  all  citizens  interested  in  American  shipping, 
so  that  it  will  be  in  fact  a  truly  national 
society  for  the  classification  of  all  types  of 
vessels  that  ply  our  waters  and  carry  our 
flag  on  the  seven  seas. 
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Activities  of  the  National  Marine  League 
of  the  U.  S.  A. 


By  Felix   Riesenberg 
Editor  of  The  National  Marine 


Back  in  1913  a  group  of  gentlemen  met  in 

Washington,  D.  C,  under  the  leadership  of 
Air.  P.  H.  W.  Ross  and  incorporated  the 
National  Marine  League  of  the  U.  S.  A.  The 
third  provision  of  their  charter  reads  as 
follows : 

"The  particular  business  and  objects  of  the  cor- 
poration are  to  solicit  subscriptions  and  receive  gifts 
Ire  mi  the  public  and  by  means  of  educational  propa- 
ganda to  arouse  the  people  throughout  the  United 
States  (and  especially  those  living  in  the  interior) 
to  a  full  understanding  of  the  necessity  of  re-estab- 
lishing an  American  overseas  commercial  marine, 
particularly  for  the  expansion  of  our  commerce  with 
South  America  and  Asia  through  the  Panama  Canal. 

"To  formulate  and  promulgate  measures  for  this 
purpose,  from  the  standpoint  of  a  broad  national 
policy  and  development,  avoiding  that  of  any  special 
interest. 

"To  promote  full  recognition  of  the  paramount 
need  of  providing  world-wide  export  outlets  for  the 
products  of  our  manufacturing  industries,  in  the 
interest  of  steady  and  profitable  employment  of  both 
labor  and  capital. 

"To  establish  and  maintain  in  various  parts  of 
our  country  and  to  encourage  the  establishment  and 
maintenance  by  others  of  Marine  Hospitals,  Marine 
Schools  and  Marine  Memorial  Halls  or  other  Insti- 
tutions having  for  their  object  the  inspiration  and 
education  of  the  youth  of  our  Republic  in  the 
maritime  interests  of  this  country  and  their  devel- 
opment and  also  the  care  and  reward  of  those  who 
have  served  on  the  High  Seas  and  are  deserving  of 
such  reward." 

At  the  time  when  this  program  was  sol- 
emnly adopted,  Kaiser  Wilhelm  II  sat  upon 
the  throne  of  the  German  Empire  and  the 
harbors  of  America  were  crowded  by  mighty 
liners  flying  the  red,  white  and  black  flag  of 
the  Prussian  state.  Then  too,  millions  of  our 
people  regarded  the  sea  as  the  special  highway 
of  foreigners,  having,  through  several  gen- 
erations of  neglect,  come  to  forget  the  great 
days  when  the  Stars  and  Stripes  circled  the 
world  on  the  finest  and  fastest  craft  afloat, 
all  of  them  manned  by  Yankee  sailors. 

The  word  "propaganda"  had  no  sinister 
meaning  in  those  days  and  it  was  used 
honestly  by  the  founders  of  the  League.  We 
were  an  unsuspecting  people,  and  many 
Americans  were  then  firm  in  their  belief 
that  not  one  dollar  of  public  money  should 
ever  be  paid  out  in  the  form  of  subsidies  to 
encourage  the  shipbuilders  and  ship  opera- 
tors of  America.    We  were  content,  however, 


to  pay  many  millions  of  dollars  each  year  to  the 
sailor  nations  of  the  world.  A  great  deal  of 
foreign  money  (first  conveniently  collected 
from  Americans)  was  spent  by  active  gentlemen 
who  did  much  to  further  this  strong  feeling 
on  the  part  of  shore  staying  Americans. 
The  United  States  was  the  happy  hunting 
ground  for  the  foreign  propagandist. 

In  the  years  before  the  World  War  while 
America  stood  like  a  fat  cow  in  her  stall, 
countless  millions  were  milked  away  in  the 
form  of  shipping,  banking,  brokerage  and 
insurance  profits;  and  the  greatest  nations 
of  the  world  sent  their  ships  to  our  ports  to 
carry  away  our  cargoes  at  their  own  price. 

This  is  not  a  history  of  the  World  War 
though  it  would  almost  be  that  if  the  full 
story  of  the  National  Marine  League's  ac- 
tivities were  told.  The  beginning  of  the  war 
found  the  League  functioning  in  a  modest 
way  through  the  help  of  a  small  group  of  far- 
sighted  and  patriotic  men  such  as  J.  Pierpont 
Morgan,  August  Belmont,  and  Alexander 
Hemphill,  the  two  latter  gentlemen  now 
active  as  trustees  of  the  League. 

In  the  midst  of  the  war,  while  America 
stood  on  the  brink  of  the  conflict  and  her 
people  gradually  awoke  to  the  need  for  ships 
— American  ships,  built,  owned,  and  manned 
by  Americans — the  League  continued  its 
work  with  added  vigor.  Thousands  of 
speeches  were  made  and  hundreds  of  thou- 
sands of  pamphlets  and  leaflets  were  dis- 
tributed. The  League  became  the  great 
forum  through  which  the  chairman  of  the 
United  States  Shipping  Board  made  public 
his  annual  messages.  Chairman  Hurley,  on 
two  such  occasions,  stirred  the  country  to 
patriotic  fervor  by  his  announcement  of  the 
astounding  total  of  the  country's  maritime 
achievement.  Chairman  Benson,  following 
chairman  Payne,  has  used  the  great  gather- 
ings of  the  League  to  pronounce  his  most 
important  messages.  Always  the  League  has 
stood  at  the  forefront  of  patriotic  effort  for 
the  welfare  of  our  shipping  and  the  advance- 
ment of  every  American  interest  upon  the 
sea. 

The  list  of  the  League's  contributions 
toward   the   great   awakening   that  we   now 
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National  Marine  League 

American   Merchant   Marine  might  yet  come 
into  being  if  the  people  could  be  aroused. 
As   Dixie  Sees   It,  Why?  and  a  numb 

\  ere  then  widely  distributed 
iwed  by   The  Partnership  of 
■pic  in  Foreign  Ventures,  and  Ami 
Maritime   Destiny,   an   address  delivered   by 
Mr.  Ross  before  the  Detroit    Board  of  Com- 
merce. Jan.  is,  1916.     A  Brief  on  the  Bearing 
i:  i  ommen  ial  Treaties  1 1916), 
<>><  the  Shipping  Bill,  also  of  L916, 
ritten  by  the  late  Carman  F.  Ran- 
York  Bar,  especially  retained 
ar<    these  works.     The 
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Main-  pamphlets  then  followed  in  quick 
ion  and  were  widely  read  and  com 
mented  upon  in  the  press  throughout  the 
land  Perhaps  the  gn  ate  I  -  a  accom- 
plished by  the  wide  distribution  of  an  address 
made  by  Mr.  Ross,  before  the  Illinois  Man- 
ufacturer Association  in  Chicago,  on  Jan. 
9,  1917.  This  paper,  Sea  Lords  of  the  Middle 
II  ,  ./,  i  .nil  being  quoted  by  widely  scattered 
publications  throughout  the  vast  agricul- 
tural section  of  the  United  States.  It  was 
commented  upon  by  the  press  abroad  and 
served  notice  upon  the  world  that  America, 
in  spilling  her  blood  and  treasure  as  we  were 
bound  to  do,  would  also  fight  for  her  own 
right  in  the  great  commercial  movemei 
the  world.  It  carried  the  message  that  the 
backbone  of  this  demand  must  come  from 
the  Middle  West  among  the  farmers  and 
manufacturers  of  the  Mississippi  Valley. 

The  League  is  ever  in  the  forefront  in 
seeking  light  and  spreading  it  where  it  will 
do  the  most  good.  We  Have  the  Ships — 
Give  Us  the  Men,  expressed  that  spirit  and 
foresight  so  essential  to  success.  In  further- 
ance of  this  aim  to  officer  and  man  our  ships 
by  Americans,  the  League  published  its 
Model  Nautical  Training  Act,  based  upon  the 
successful  act  of  Xew  York  State,  and  stood 
firmly  behind  the  system  of  State  and  Federal 
co-operation  in  the  training  of  merchant 
service  officers  for  the  deck  and  engine  room 
The  League  knew  that  only  trained  Americans 
would  be  able  to  hold  and  keep  in  hand  the 
great  fleet  of  ships  then  on  the  ways. 

No  effort  was  spared  to  spread  the  gospel 
of  service  and  good  will  and  effective  co- 
operation. How  to  Make  Seafaring  a  Per- 
manently Attractive  (  'ailing  was  prepared  by 
August  Belmont,  the  chairman  of  the  Board 
of  Trustees  of  the  League,  and  gave  to  the 
public  the  mature  deliberations  of  a  banker  of 
internatonal  reputation.  Major  Belmont 
stands  firmly  behind  the  policy  of  govern- 
mental insurance  for  the  seamen  of  our  com- 
mercial fleet 

Mr.  Carman  F.  Randolph  then  prepared 
his  famous  paper  on  our  navigation  laws. 
This  appeared  during  the  long  deliberations 
preceding  the  passage  of  the  Jones  bill, 
otherwise  known  as  the  Merchant  Marine 
Act  of  1920.  This  paper,  .1  Brief  in  Advoi  a  \ 
of  an  Improved  Legal  Regime  for  the  Amerii  an 
Merchant  Marine,  was  widely  read  and  studied 
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bv  the  manv  men  who  were  active  in  framing 
the  Act  of  1920. 

Constantly,  without  fear  or  favor,  the 
League  has  stood  for  what  is  best  for  the 
American  Merchant  Marine.  It  has  made 
friends  and  foes;  but  it  has  never  taken 
sides  in  the  many  disputes  that  have 
arisen  within  our  ranks.  It  is  not  for 
ship  operators  as  against  seamen,  or  ship- 
builders. It  is  not  for  either  of  these  as 
against  the  others. 

The  League  has  expended  its  energies  for 
the  common  good  in  the  great  effort  to  bring 
something  out  of  nothing,  to  build  up  instead 
of  tear  down,  to  give  hope  and  interest  to 
the  many  who  have  grown  up  in  utter  igno- 
rance of  the  vital  meaning  of  ships  and  ship- 
ping to  a  free  people. 

Early  in  the  fall  of  1919  the  League 
launched  its  First  National  Marine  Exposi- 
tion, which  was  arranged  to  take  place  at 
the  Grand  Central  Palace  during  the  week 
of  April  12  to  17.  This  huge  undertaking 
wras  a  severe  strain  upon  the  resources  of  the 
League.  For  months  in  advance  the  public 
in  general  and  shipping  people,  who  at  first 
held  aloof,  were  educated  in  the  advantage, 
to  all,  of  a  get-together  exhibition  for  the 
information  of  the  people  and  for  the  mutual 
help  and  encouragement  that  such  an  enter- 
prise was  bound  to  bring  with  it. 

The  exposition  was  inaugurated  by  Na- 
tional Marine  Week,  during  which  time  a 
series  of  celebrations  was  staged,  not  only 
in  New  York  but  in  other  ports.  The  Sec- 
retary of  Commerce,  Joshua  W.  Alexander, 
presided  at  the  inaugural  luncheon  on  board 
the  U.  S.  Shipping  Board  Steamer  West 
Alseck,  where  a  notable  gathering  of  promi- 
nent shipping  men  were  entertained  as  the 
guests  of  the  Oriental  Navigation  Com- 
pany. 


On  the  evening  of  April  13,  the  annual 
banquet  of  the  League  brought  together  over 
a  thousand  members  and  their  friends  at  the 
Hotel  Commodore;  Admiral  Benson  then 
deln  ered  a  striking  address. 

During  the  whole  week  of  the  exposition 
great  crowds  came  in  increasing  numbers 
until,  during  the  last  few  days,  it  was  hard 
to  get  into  the  Palace,  although  at  this  time 
the  eastern  states  were  in  the  midst  of  the 
railroad  strike  and  few  out-of-town  people 
came  to  the  exhibit.  The  attendance  was 
only  exceeded  by  the  automobile  show  totals, 
and  on  the  latter  days  it  passed  the  figures 
for  this  great  exhibit,  showing  a  real  popular 
interest  in  ships  and  the  sea.  The  year  1920 
saw  the  success  of  the  National  Marine  Ex- 
position in  Chicago  in  October;  1921  brings  in 
the  second  great  National  Marine  Exposition 
in  New  York. 

The  League  now  has  over  ten  thousand 
members  and  publishes  a  monthly  magazine, 
The  National  Marine,  devoted  to  a  popular 
exposition  of  all  phases  of  shipping. 

The  officers  and  trustees  of  the  National 
Marine  League  are:  P.  H.  W.  Ross,  President; 
George  W.  Harper,  Jr.,  Vice-president;  Trus- 
tees, August  Belmont,  Chairman,  Edward  J. 
Berwind,  Oscar  L.  Gubelman,  George  W. 
Harper,  Jr.,  Alexander  J.  Hemphill,  William 
Fellowes  Morgan,  Frank  C.  Munson,  P.  H. 
W.  Ross,  Guy  E.  Tripp,  and  Jesse  R.  Lovejoy. 

Back  of  these  stand  the  members  of  the 
National  Committee  who  are  publicly  pledged 
to  support  the  League  in  its  work  for  the 
growth  and  permanent  welfare  of  the  Amer- 
ican Merchant  Marine.  These  gentlemen 
believe  that  the  Merchant  Marine  is  a  source 
of  national  strength  and  security  to  our 
country.  They  believe  that  we,  as  Ameri- 
cans, are  fully  entitled  to  our  just  share  of  the 
ocean-borne  commerce  of  the  world. 
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Nautical  Schoolships 

TRAINING  OFFICERS  FOR  U.  S.  MERCHANT  MARINE 

By  J.  S.  Baylis 
Superintendent,   N.   V.  State   Nautical  Si  hum 


In  1874  <  Congress  passed  an  Act  to  promote 
nautical  education  by  authorizing  the  Secre- 
tary of  the  Navy  to  furnish,  upon  application 
in  writing  from  the  governor  of  a  state,  a 
suitable  vessel  of  the  Navy  with  all  her 
apparel  .charts,  and  instruments  of  navigation. 
The  i-  orts  are  the  only  ones  men- 

tioned in  this  Act:  Bo  ton,  Philadelphia,  New 
York,  Seattle,  San  Francisco,  Baltimore, 
t,  Saginaw  (Michigan),  Norfolk,  and 
us  Christi.  To  correcl  ai 
impression  that  schoolships  are  reformatories, 
this  act  explicitly  provided  that  no  person 
shall  be  sent  a1  such 

schools   as   punisl  nutation   of 

punishment  for  crime. 

The  following  year,  1875,  New  York  State 
took  advantage  of  the  Act  and  organized  the 
New  York  Nautical  School,  its  work  being 
carried  out  on  the  old  full-rigged  sloop  of  war 
St.  Marys  which  was  turned  over  by  the  Navy 
for  the  schoolship  and  served  as  such  until 
1907  when  it  was  replaced  by  the  U.S.S. 
Gunboat  Newport.  The  St.  Marys,  while  in 
this  service  of  its  country  and  state  for  over 
thirty  years,  trained  over  2.7(H)  young  men 
for  a  seafaring  career. 

A    few    years    later.     1891,    Massachusetts 
d  a  law  authorizing  a  nautical  training 
school  and  m  L892  the  U.S.S.  Enterprise  was 
turned  over  to  the  State  for  a  schoolship. 

In  1889,  Pennsylvania  passed  a  law  author- 
izing a  nautical  school  and  received  the  old 
full-rigged  sloop  of  war  Saratoga. 

Tlu  ii  >lships  were  of  international 

fame,  and  supplied  hundreds  of  officers  for 
our  merchant  marine,  many  of  whom  are 
now  marine  superintendents,  masters  of  our 

I  ships,  or  filling  other  positions  of 
responsibility.     These  schools  in  addition  to 
supplying   officers  for  our  merchant  marine 
have  furnished  mi  Navy,  U.  S. 

("oast  Guard,  and  U.  S.  Lighthouse  Service. 

As  to  the  value  and   need  of  such  scl 
there    can    In-    no    question.        The    schools 
furnished   officers  for  many  years  when  our 
merchant  marine  was  small;  and  it   is  due  in 
large  schools    that    the 

he  service  as 
war. 


Not  only  have  these  schools  supplied  the 
officers    necessary     to    man    our    merchant 
marine  in  the  past  but  they  will  he  a1 
furnish  r  the  great  merchant  marine 

fleet  we  hope  to  maintain.  It  is  true  that  the 
schools  now  in  operation  in  Boston.  Philadel- 
phia. Seattle,  and  New  York  probably  do  not 
graduate  enough  to  supply  the  demand  but 
if  advantage  is  taken  of  the  law  as  it  now 
stands  we  could  have  eleven  nautical  schools 
and  schoolships  turning  out  about  400  well 
trained  officers  a  year  at  very  little  additional 
expense  to  the  country. 

It  is  not  necessary  for  the  governmi  i 
erect  an  Annapolis  for  the  merchant  marine, 
costing  millions  of  dollars.  The  people  of  the 
country  are  through  with  costly  experiments. 
Let  its  get  down  to  a  real  practical  business 
basis  and  encourage  and  help  our  nautical 
schools  of  the  country  as  they  now  stand. 
If  we  are  fortunate  enough  to  maintain  our 
enlarged  merchant  marine,  let  us  help  the 
other  states  authorized  by  law  to  have  school- 
ships — organized  in  that  way,  the  demands 
of  the  service  will  be  met.  On  the  other  hand, 
if  we  do  not  keep  a  large  merchant  marine, 
there  will  not  be  a  large  demand  for  young 
rs  and  the  number  of  these  schools  can 
in  reduced  to  that  required  to  supply  the 
demand.  Not  only  will  this  system  of  train- 
ing save  thousands  of  dollars  but.  by  having 
small  units,  the  young  men  will  be  given 
almost  individual  instruction  and  in  that  way 
lie  much  better  prepared  to  perform  the 
duties  required  of  them  than  men  who  have 
been  trained  in  large  numbers  and  do  not 
have  a  chance  to  become  confident.  By 
small  units  is  meant  a  ship  that  accommo- 
dates from  100  to  125  cadets. 

To  give  an  idea  of  the  work  performed  by 

nautical    schools    and    the    calibre    of 

young  men  graduated,  a  brief  outline  will  be 

given  of  the  course  of  instruction  at  the  oldest 

school,  the  New  York  Nautical  School,  con  - 

i  on  the  Schoolship  AV; 

Boys  of  good  character  between  the  ages 
of  17  and  20,  whose  parents  or  guardians  are 
citizens  of  the  State  of  New  York,  and  who 
can  pass  the  mental  and  physical  entrance 
examination  are  admitted  as  cadets. 
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There  are  four  classes  and  the  course  is  for 
two  years.  Either  deck  or  an  engineering 
course  may  be  taken.  During  the  first  six 
months  the  cadet  is  required  to  perform  duty 
in  both  the  engineer  department  and  on  deck; 
in  that  way  a  deck  officer  acquires  some 
knowledge  of  engineering  and  the  engineer 
officer  becomes  acquainted  with  the  duties 
of  the  deck.  The  benefits  derived  from  a 
cotirse  of  this  sort  may  be  readily  understood. 
The  remainder  of  the  course  is  taken  up  by 
specializing  in  the  particular  branch  chosen. 

During  the  academic  term  of  six  months 
each  year,  the  cadets  are  taught  seamanship, 
theoretical  and  practical  navigation,  such 
parts  of  algebra,  geometry,  and  trigonometry 
as  pertain  to  navigation,  and  nautical  astron- 
omy, ship's  business,  navigation  laws,  naval 
construction,  hygiene,  signals,  and  Spanish. 
The  Spanish  course  was  a  new  feature  of  the 
school  started  on  our  last  practice  cruise  as 
an  experiment,  but  as  we  had  very  good  suc- 
cess we  intend  to  make  it  a  permanent  sub- 
ject. It  should  prove  to  be  very  beneficial  to 
our  officers  as  they  will  undoubtedly  be  in 
ships  going  to  South  America,  Mexico,  and 
Mediterranean  Ports. 

The  engineer  cadets  are  taught  steam 
engineering,  electricity,  physics,  mathemat- 
ics, and  hygiene.  To  keep  in  touch  with  the 
latest  developments  in  machinery,  boilers, 
and  electricity,  the  cadets  are  given  short 
courses  of  instruction  and  lectures  by  officials 
of  the  following  companies :  General  Electric, 


New  York  State  Nautical  Schoolship  Newport 
Under  Sail  in  Light  Trade  Winds 


Worthington    Pump,    Babcock    and    Wilcox, 
and  Machinery  Division,  Navy  Yard. 

During  the  summer  the  cadets  are  usually 
taken  on  a  foreign  cruise  lasting  about 
four  months  during  which  time  they  stand 
watches,  work  the  ship  and  are  given  practi- 


cal   instruction    in    seamanship,    navigation, 
and  engineering. 

As  we  sail  from  port  to  port  whenever  time 
permits  and  steam  only  when  making  and 
leaving  port,  quite  a  number  of  seafaring  men 
and  others  think  that  too  much  time  is  taken 


Fig.  2.      Schoolship  Cadets  at  Infantry  Drill  While  at  Sea 

up  in  handling  sails.  True,  there  is  a  great 
deal  of  the  spare  time  taken  up  in  this  in- 
struction on  a  practice  cruise  but  it  is  most 
essential  in  the  proper  training  of  an  officer; 
it  teaches  an  officer  to  be  more  observing,  he 
has  one  hundred  and  one  things  to  watch 
especially  during  a  strong  breeze;  it  teaches 
him  to  act  quickly  in  emergencies  because 
there  is  always  something  carrying  away 
in  a  good  blow;  it  teaches  him  to  handle  his 
vessel  properly  in  heavy  weather  because 
sailing  shipmen  are  always  watching  the  seas, 
always  looking  out  for  shifts  of  wind,  etc. 
Not  only  is  it  most  beneficial  in  developing 
an  all  around  good  officer  but  it  inspires  him 
to  live  up  to  the  highest  traditions  of  the  sea. 
How  well  satisfied  we  feel  after  close  reefing 
the  topsail  during  a  gale!  We  feel  that  the 
elements  have  been  conquered!  How  many 
of  our  "War  Baby"  officers  have  ever  had 
the  thrill  connected  with  hauling  out  the 
weather  topsail  reef  earing  with  the  ship 
pitching  and  rolling  during  a  gale.  These  are 
some  of  the  experiences  that  have  inspired  our 
young  Americans  to  follow  the  sea. 

Sail  has  not  only  been  most  beneficial  in  the 
purpose  of  training  our  graduates  but  proves 
to  be  very  economical  in  the  operation  of 
these  schools.  Had  it  not  been  for  sail,  the 
Newport  would  not  have  been  able  to  make 
a  foreign  cruise  this  year  on  account  of  the 
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of  coal.     Fortunately,  though,  we  were 
able  to  visit  the  following  ports: 

\V.  ailedfro  teBn  oklynNavy  Yard, 
July  5th,  arriving  at  Portsmouth,  Eng., 
July  31st.  We  left  Portsmouth  August 
7th,  arriving  at  Antwerp  on  Augusl 
9th.     After  givii 

tunity  to  witness  the  Olympic  Games 
and  visit  the  battlefields  of  Belgium  and 
France,  we  left  (<<v  Lisbon  on  Augusl  28th, 
arriving  after   ti  iea       Fn >m 

Lisbon  we  proceeded  to  Cascaes,  Portu- 
gal, and  Funchal,  Madeira-  Leaving 
Madeira  Sept.  20th,  arriving  St.  Georges, 


Bermuda.  ( )ct.  19th  after  a  month  at  sea. 
Arrived  in  New  York  on  October  24th. 

Aside  from  a  professional  education  what 

can   give  a   man  ;eneral   education 

than  travel  of  this  sort!'    There  is  a  great  deal 

more  required  than  just  teaching  seamanship, 

:  i<  hi.  and  engineering. 

Our  merchant  officers  should  have  a  high 
of  honor,  be  diplomatic  and  courteous 
to  Eon  igners,  and  never  forget  that  they  tire 
representative  Americans.  To  show  that  wc 
.in  obtaining  results  in  this  line  it  might  be 
well  to  quote  from  a  letter  we  have  received 
from  the  State  Department. 


AMERICAN  CONSULATE 

Antwerp,  Belgium,  August  27,  1920 
Visit     of     the     schoolship 
"■  °f  State  Newport  of  the  New  York 

ngton  State  Nautical  School. 

Sir: 

I  have  the  honor  to  inform  the  Department  that  the  schoolship  Newport  of  the  N'ew  York  State  Nautical 
School  arrived  at  Antwerp  on  August  9th,  1920,  with  about  95  cadets.  The  Schoolship  is  commanded  by 
Captain  John  S.  Baylis  of  the  United  States  Coast  Guard.  Captain  Baylis  called  on  the  local  officials  accom- 
Consul,  and  the  officials  returned  the  calls  later  on  board  the  ship.  Through  the  courtesy  of 
the  city  officials  the  cadets  were  shown  all  over  the  harbor  and  port  works  of  the  city,  and  were  given  every 
.  erything  in  the  city  which  could  be  of  interest  or  value  to  them.  The  ship  left  for  Lisbon 
on  August  27th. 

I  was  on  board  the  Newport  four  or  five  times  during  her  stay  in  port  and  was  greatly  impressed  by  the 
■  t  of  the  work  which  the  officers  are  doing  in  training  these  young  men  for  service  in  the  American 
Merchant  Marine.  They  not  only  have  excellent  discipline  on  board  the  ship  but  seem  to  enjoy  the  confi- 
nid  respect  of  all  the  cadets.  The  course  which  is  being  followed  seems  like  a  very  thorough  one. 
Everyone  who  came  in  contact  with  the  cadets  was  impressed  by  their  appearance  and  my  own  opinion  is 
that  1  have  never  seen  a  finer  lot  of  young  men  on  board  of  any  schoolship  training  officers  for  the  merchant 
marine. 

I  have  the  honor  to  be,  Sir 

Your  obedient  servant, 
(Signed)  GEORGE  S.  MESSERSNITH 

American  Consul 


Fig.  3.      Cadets 


■  at  the  Moorish  Castle 
if  ex-King  of  Portugal 
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General  Electric  Company's  School  of 
Marine   Engineering 

By  J.  Livingston  Booth 
Marine  Engineering  Department,  General  Ei.ii  iku    Company 


The  rapid  rate  at  which  cargo  vessels  for 
the  Merchant  Marine  were  placed  in  service 
during  the  last  three  years  very  soon  caused 
a  shortage  of  sea-going  engineers.  Further- 
more, the  fact  that  modern  high-speed  tur- 
bine machinery  had  been  adopted  for  driving 
a  very  large  percentage  of  the  new  ships 
resulted  in  the  supply  of  engineers  who  were 
experienced  in  this  type  of  machinery  being 
very  soon  exhausted,  and  necessitated  tin- 
ships  being  taken  to  sea  by  men  who  had  no 
previous  experience  with  turbine  machinery. 
In  order  to  improve  the  operation  of  the 
ships,  and  to  prevent,  as  far  as  possible,  inter- 
ruptions in  service  occurring  from  defects 
arising  from  faulty  operation,  various  Marine 
Schools  were  established  at  the  request  of 
the  United  States  Shipping  Board  in  the  w<  irks 
of  some  of  the  manufacturers  of  marine 
equipments,  to  train  engineers  in  their  opera- 
tion and  maintenance. 

The  General  Electric  Company's  school 
of  Marine  Engineering  was  established  in  the 
fall  of  litis  to  meet  this  situation;  and, 
although  commenced  as  a  war  measure,  the 
results  obtained  have  been  so  satisfactory 
that  the  school  has  been  maintained  by  the 
Company  up  to  the  present  time,  and  will 
probably  be  continued  until  the  necessity  of 
training  men  has  ceased  to  exist. 

In  arranging  the  instruction  given,  it  was 
recognized  that  most  of  the  training  should 
be  based  on  the  standpoint  of  the  operator, 
rather  than  the  designer,  and  that  the  in- 
struction should  be  as  practical  as  possible. 
At  the  same  time,  it  was  considered  to  be 
absolutely  essential  that  a  sufficient  insight 
into  the  theory  and  reasons  underlying  the 
design  of  the  machinery  should  be  included, 
to  give  an  intelligent  understanding  of  the 
apparatus,  and  to  interest  the  engineers  in 
obtaining  the  best  and  most  economical 
results  from  the  equipments. 

The  lack  of  understanding  of  marine  geared 
turbines  which  existed  at  their  first  introduc- 
tion, and  the  desirability  of  obtaining  reliable 
data  on  the  performance  of  new  types  and 
devices,  had  necessitated  the  establishment 
by  the  Company  of  a  system  of  inspection  of 
all  vessels  in  service  equipped  with  machinery 
of  General  Electric  manufacture. 


The  work  in  connection  with  the  school  has 
been  handled  by  that  section  of  the  Marine 
Engineering  Department  which  is  connected 
with  the  operation  and  inspection  of  vessels 
in  service.  As  upwards  of  three  hundred 
cargo  vessels  have  been  placed  in  service 
equipped  with  General  Electric  marine  geared 
turbines,  exclusive  of  about  fifty  naval  vessels, 
a  great  deal  of  practical  information  on  the 
operation  of  the  various  types  in  service  has 
been  accumulated.  This  proved  to  be  of  the 
greatest  value  in  the  school,  for  it  is  possible 
to  give  accurate  data  to  engineers  on  the 
performance  of  each  type  of  equipment, 
details  of  any  breakdowns  which  have 
occurred,   their  causes  and  remedies. 

It  has  also  enabled  a  study  to  be  made  of 
the  results  obtained  with  the  different  sys- 
tems of  lubrication  and  arrangements  of 
engine  room  machinery  and  types  of  turbine 
and  gear  foundations  as  installed  by  the 
various  shipbuilders  in  many  types  of  vessels. 

It  was  found  very  soon  after  marine  geared 
turbines  were  placed  in  service  that  several 
factors,  such  as  the  design  of  foundations  and 
lubricating  systems,  also  the  method  of 
installation  and  alignment,  had  a  very  impor- 
tant effect  on  the  operation  of  the  gears.  For 
that  reason  the  instruction  given  has  not  been 
confined  to  the  operation  of  the  machinery, 
but  a  comprehensive  view  has  been  given  of 
the  whole  problem  of  the  application  and 
operation  of  ship  propulsion  machinery  and 
auxiliaries,  in  order  that  an  engineer  may  be 
able  to  recognize  defects  which  have  been 
found  to  be  detrimental,  and  to  eliminate 
them  before  they  cause  trouble. 

COURSES 

Marine  Geared  Turbines 

A  course  of  three  weeks'  instruction  is 
given  in  the  operation  and  maintenance  of 
the  marine  geared  turbine.  Of  this  time,  the 
first  week  is  given  to  the  turbine,  the  second 
to  the  gears,  and  the  third  to  a  study  of 
elementary  electricity  and  details  of  steam 
engine  and  turbine-driven  generating  sets, 
motors,  etc.,  to  enable  engineers  to  handle  the 
electrical  machinery,  now  being  used  on 
board  ship  to  a  rapidly  increasing  extent. 
Attention  is  also  given  during  the  third  week 
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to  the  economics  to  be  obtained  by  the  use  of 
electric-driven  engine  room  and  deck  auxilia- 
ries, and  to  the  special  types  of  motors  and 
rol  apparatus  which  have  been  developed 
to  meet  the  requirements  of  shipowners  with 
respect  to  the  Special  conditions  which  exist 
at  sea. 

A  three-weeks  course  has  been  given  on  the 

GOOO-h.p.    compound    geared    turbine   equip- 

for  the  U.  S.  Army  Transports  built  at 

land. 

A    special    Geared    Turbine    and    Electric 

Machinery  course  was  also  given  in  1918  to 

of  the  Naval  Reserve. 


The  second  room  is  equipped  with  extra 
parts  of  marine  geared  turbines,  such  as  a 
wheel  and  buckets,  thrust  bearing,  emergency 
governor,  jaw  and  pin  type  of  coupling, 
where  the  men  assemble  and  disassemble 
these  parts  and  become  thoroughly  familiar 
with  them. 

The  third  room  is  fitted  up  with  the  prin- 
cipal parts  of  the  control  apparatus  for  elec- 
tric drive  equipments  for  cargo  vessels. 
steam-driven  generating  sets,  motors,  etc.. 
such  as  would  be  found  on  board  ship. 

There  is  also  kept  in  the  school  a  file  of 
detail  and  assembly  drawings  of  the  various 


Fig.  1.      Class  of  Chief  and  First  Assistant  Marine  Engineers  at  the  General  Electric  Company'; 
School  Engaged  in  Assembling  and  Adjusting  a  2500-h.p.  Marine-geared  Turbine 


Electric  Drive  Course 

A  five-weeks  course  is  given  in  the  opera- 
tion and  maintenance  of  the  main  propelling 
electric  equipments  now  being  installed  on 
cargo  vessels. 

Special  courses  have  also  been  given  on  the 
electric  machinery  for  the  battleships  I  'ali- 
fornia,  Maryland,  and  West  Virginia. 

SCHOOL  EQUIPMENT 

Three  rooms  have  been  provided  for  the 

use  of  the  school,  one  of  which  is  used  as  a 

general  assembly  room  and  is  furnished  with 

tables,  chairs,  blackboards,  etc.     Lockers  are 

;  rovided    for    the    convenience    of    the 

engine  hires  are  generally  given  in 

a  separate  lecture  room  specially  fitted  for 

ing  lantern  slides  and  motion  pictures. 


types  of  marine  equipment  A  complete- 
marine  turbine  and  reduction  gears  which 
can  be  rununder  steam  are  also  reserved  on  the 
testing  stand  especially  for  the  use  of  the 
school. 

METHOD  OF  INSTRUCTION 
The  engineers  attending  the  school  through 
the  Shipping  Board  Recruiting  Service  are  all 
either  Chief  Engineers  or  First  Assistants. 
A  class  therefore  quite  frequently  includes 
college  graduates  who  have  just  obtained 
their  first  assistant's  license,  and  engineers 
who  have  held  a  chief's  ticket  for  twenty 
years  or  more,  and  who  have  never  seriously 
had  to  study  a  new  subject  during  that  time. 
The  problem  of  presenting  the  information 
in  such  a  wav  that  it  will  hold  the  attention 
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of  the  class  throughout  the  course  and  be 
retained  is  not  any  easy  one.  Every  effort  is 
made  to  assist  the  men  in  absorbing  the  infor- 
mation, and  to  guard  against  merely  the 
accumulation  of  written  data,  which  may  or 
may  not  be  available  when  required.  Lec- 
tures are  kept  as  free  from  technicalities  as 
possible.  All  are  required  to  take  notes  on 
the  lectures,  which  are  corrected  and  returned. 
Questions  are  also  given  on  some  of  the  lec- 
tures, the  answers  to  which  are  written  out 
at  home  and  turned  in  the  next  morning. 
These  are  then  corrected  and  discussed  in 
class  to  clear  up  any  errors  which  may  have 
been  made.  Abstracts  of  the  lectures  are 
also  given  to  the  engineers  to  which  they  can 
refer  should  this  be  necessary  after  leaving 
the  school. 

Some  of  the  lectures  are  given  by  the  Com- 
pany's engineers  in  charge  of  the  school  work, 
but  most  of  them  are  by  engineers  who  are 
from  the  various  departments  engaged  in 
marine  work  and  who  are  responsible  for  the 
design,  assembly,  or  testing  of  the  apparatus. 
It  is  considered  that  in  this  way  the  best 
instruction  available  is  given;  and  that  the 
school  work  could  be  kept  abreast  of  the 
rapid  development  which  has  taken  place  in 
marine  work  only  by  the  lectures  being  given 
by  those  actually  responsible  for  the  work. 
In  the  course  on  electric  drive,  as  many  as 
twelve  of  the  Company's  engineers  are  called 
in  for  some  portion  of  the  instruction. 
Special  attention  is  given  to  a  study  of  the 
importance  of  economy,  to  steam  conditions, 
and  to  the  theory  of  condensers,  to  enable  an 
engineer  to  check  the  performance  of  his 
equipment  and  to  assist  him  in  its  economical 
operation. 

In  the  practical  work  in  the  shops,  the 
engineers  are  required  to  handle  the  marine 
geared  turbine  under  steam,  and  to  disassem- 
ble the  turbine  and  gears,  all  work  in  connec- 
tion with  this  being  done  by  the  engineers. 
When  assembling  the  turbine,  the  clearances 
are  carefully  adjusted  and  checked,  and  the 
instructor  will  frequently  remove  some  of  the 
shims  used  for  aligning  in  order  to  throw  the 
machine   purposely   out    of   adjustment   and 


the  men  are  required  to  find  and  correct  the 
fault. 

A  written  examination,  and  in  the  electric 
drive  course  both  a  written  and  oral  exam- 
ination, arc  given  at  the  conclusion  of  the 
class,  and  each  engineer  marked  on  his  work 
in  the  examination  and  also  during  the  course. 

RESULTS   OBTAINED   BY   THE   SCHOOL 

Up  to  the  present  time  about  520  chief 
engineers  and  first  assistants  have  been 
trained  through  the  recruiting  service  of  the 
U.  S.  Shipping  Board.  About  the  same  num- 
ber of  officers  of  the  Naval  Reserve  were 
passed  through  the  special  course  in  marine 
geared  turbines  and  electric  machinery. 

The  Company  has  also  given  this  training 
to  a  number  of  construction  foremen  from 
shipyards  and  repair  yards,  and  others  who, 
for  various  reasons,  do  not  come  within  the 
regulations  of  the  Shipping  Board. 

The  special  course  on  the  army  transport 
equipments  has  been  given  to  men  from  the 
transport  service,  and  the  course  on  the  elec- 
tric machinery  for  battleships  to  men  from 
the  navy  and  the  shipbuilders'  yards. 

A  great  deal  of  enthusiasm  is  being 
shown  by  engineers  for  the  training  received, 
it  being  realized  that  an  opportunity  is 
presented  to  obtain  a  more  practical  knowl- 
edge of  the  most  modern  marine  machinery 
than  can  be  obtained  in  any  institute  or 
college.  One  man  paid  his  own  expenses  from 
Honolulu  in  order  to  attend  the  school;  and 
applications  have  been  received  from  ships 
in  many  parts  of  the  world,  so  that  there  are 
generally  as  many  as  500  engineers  on  the 
waiting  list  for  the  school. 

The  effect  of  the  training  is  also  evident 
in  fewer  cases  being  reported  of  defects 
developing  as  a  result  of  faulty  operation. 
It  also  usually  results  in  close  co-operation 
between  the  ship's  engineers  and  the  Com- 
pany's surveyors  and  construction  foremen; 
and  experiences  and  information  are  passed 
on  from  ship  to  ship  which  are  invaluable  in 
assisting  the  operating  engineer  in  maintain- 
ing his  equipment  in  good  condition  and  in 
obtaining  the  best  results  in  operation. 
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Electricity  on  Merchant  Ships 

By  E.  I)-  Dickinson 
Merchani  Marine  Se<  hon,  Marine  Engineering  Department,  General  Ele<  irk   Company 


Wit!  i    increasing  interest  that   is 

being  sin  >wn  in  i  iur  merchani  marine,  it  is  very 
gratifying  to  see  how  much    i  idera- 

improved  economy. 
It  is  recognized  that,  no  matter  what  laws 
any  state  may  pass  or  how  any  particular 
deavor  to  assisl    the  owners 
perators  of  vessels  flying  its  flag,   the 
operation    of   merchani    vessels    is   a    highly 
competitivi  ial   activity   subject    to 

the  fundamental  laws  of  trade  and  commerce. 
As  the  success  of  any  commercial  enfo  i 
depends  upon  whether  il  is  able  to  compete 
successfully  with  others  in  the  same  line  of 
business,  the  question  of  efficiency  is  funda- 
mental   and    ultimately    may    be    the   decid- 
ing factor  as  to  whether  certain  of  the  com- 
•   of  action.     The  word 
lesl    sense,   as 
meaning    the    maximum    amount    of    service 
T  the  minimum  number  of  dollars 
expended  over  a  period  of  action. 

In  considering  merchant  vessels,  continuity 
of  sen-ice  or  reliability  is  probably  the  pre- 
dominating factor,  for  interruption  of  service 
can   b<  translated   into  dollars  lost. 

The  second  factor  in  efficiency,  that  is,  the 
actual  cost  of  operating  can  be  readily 
ited  in  dollars  per  ton-mile  of  cargo 
transported.  This  cost  has  increased  very 
markedly  in  the  past  few  years  and  because  of 
this  and  also  because  it  may  be  expected  to 
1  ecome  even  greater,  it  is  apparent  that  we 
should   givi  ention   to  economy   or 

efficiency  of  operation  than  has  been  neces- 
sary in  the  j 

general  use  of  electricity  as  a  means 
for  transmitting  power  has  increased  and 
will  continue  to  do  so  because,  with  appara- 
tus in  every  way  suitable  for  the  service  and 
properly  installed,  it  is  an  essential  means  of 
increasing  the  efficiency  of  a  ship.  Inter- 
ruption of  service  ami  subsequenl  di 
barring  accident,  can  be  eliminated,  thus 
assuring  that  the  vessel  can  tie  kept  in  service 
rimately  100  per  cent  of  the  time. 

Li  hi  many  details 

consideration.    These  may 

Led  mt  o  fuel  consumption, main- 

'  :  ime  saved  in  handling 

ency  will  lie  realized  by 

of  the  more  competent 

and  in1  rs  who  are  attracted  1 1 

lectrical  machinery 


The  advent  of  the  motorship  has  done  much 
to  demonstrate  the  great  saving  in  fuel  that 
j'd  by  the  use  of  electrical  auxil- 
iaries. The  high  fuel  economy  shown  by 
ships  of  this  class  is  due  in  no  inconsiderable 
degree  to  the  use  of  electrically  driven  auxil- 
iary machinery,  both  on  deck  and  in  the 
engine  room.  A  reduction  in  fuel  consump- 
tion may  be  expected  on  any  cargi 
equipped  with  steam  driven  auxiliaries  by 
the  substitution  of  electrically  driven  auxil- 
iaries for  deck  and  engine  room.  The  gain 
that  may  be  realized  will  vary  with  dif] 
ships,  depending  upon  the  existing  steam 
driven  equipment. 

It  is  pertinent  to  the  discussion  on  main- 
tenance or  upkeep  to  point  out  that  the  appli- 
cation of  electricity  has  suffered  not  by  its 
use,  but  by  its  abuse;  in  other  words,  elec- 
tricity", which  serves  us  so  faithfully  in 
its  many  applications,  often  where  the 
lives  of  men  would  be  jeopardized  by  its 
failure  or  interruption,  has  been  discn 
in  some  instances  by  improper  design  or  appli- 
cation. 

The  various  factors  entering  into  the 
design  and  manufacture  of  electrical  appa- 
ratus are  well  understood  and  the  necessary 
precautions  which  must  be  taken  in  order  to 
adapt  any  piece  of  machinery  to  the  service 
for  which  it  is  intended  are  known  to  the 
engineers  who  have  made  a  special  study  of 
the  subject. 

Properly  designed  motors  are  operating  in 
mines  where  the  surrounding  atmosphere  is 
damp  and  in  some  cases  where  the  water 
ms  a  considerable  quantity  of  sulphuric 
acid.  For  shipboard  application,  where  so 
much  depends  upon  continuity  of  service,  it 
is  difficult  to  imagine  a  single  condition  that 
would  warrant  the  use  of  electrical  apparatus 
which  is  not  designed  to  meet  the  conditions 
that  may  be  expected  at  sea.  Neglect  of 
fundamental  details  may  result  in  the  failure 
of  electrical  equipment  at  a  critical  moment 
and  mean  considerable  immediate  loss  to  the 
owner  or  operator  of  the  vessel  and  the  gen- 
eral and  absolutely  unwarranted  discrediting 
i  if  t  he  use  of  electricity. 

It  is  unfortunate  that  many  people  believe 
a  certain  amount  of  repairs  to  their  machinery 
to  be  inevitable.  This  is  fundamentally 
wrong,  as  all  repairs  are  traceable  to  some  spe- 
cific cause  and  a  general  study  shows  that  the 


ELECTRICITY  ON  MERCHANT  SHIPS 


109 


necessity  for  making  repairs  may  result  from 
one  or  more  of  the  following: 

(1)  Improper  design 

(2)  Imperfect  installation 
(.'!)     Carelessness  in  operation 

If  the  design  is  considered  in  all  its  details, 
the  equipment  will  be  properly  proportioned 
for  the  service  and  in  every  way  suitable  for 
the  work.  Electrically  operated  auxiliaries, 
because  of  their  few  moving  parts,  can  be 
made  so  rugged,  simple,  and  "fool-proof" 
that  trouble  incident  to  careless  operation 
may  be  reduced  to  a  minimum.  Shipbuilders, 
owners,  and  operators  should  co-operate 
with  the  manufacturers  to  assure  proper  in- 
stallation of  apparatus.  If  this  is  done  the 
electrical  apparatus  will  have  indefinite  life. 

Electrical  apparatus  is  either  right  or  wrong 
for  the  service.  If  it  is  wrong,  it  will  be  a 
continual  source  of  expense.  If  it  is  right, 
it  will  operate  indefinitely  without  interrup- 
tion and  will  require  only  periodic  cleaning 
and  the  necessary  lubrication  for  the  bearings. 
With  correctly  designed  and  properly  insulated 
generators  or  motors,  the  temperature  will  be 
maintained  below  that  which  would  be  destruc- 
tive to  the  insulation;  therefore,  if  the  machines 
are  kept  clean,  the  ventilation  unimpaired,  and 
the  parts  subjected  to  no  external  mechanical 
injury,  they  should  have  indefinite  life. 

In  making  comparisons,  the  first  cost  of 
electrical  equipment  for  ships  must  not  be 
the  deciding  factor.  It  is  a  recognized  fact 
that  equipments  which  are  the  cheapest  in 
first  cost  often  prove  by  far  the  most  expen- 
sive after  a  very  short  period  of  service.  But 
little  difference  will  be  found  between  the 
first  cost  of  complete  electrical  and  steam 
equipments,  and  in  making  comparisons  it 
must  be  borne  in  mind  that  the  cost  of  steam 
piping  with  the  attendant  fittings,  special 
bends,  and  necessary  supporting  brackets  far 
exceeds  the  cost  of  cables. 

Improvements  in  the  efficiency  of  opera- 
tion that  can  be  secured  by  the  use  of  elec- 
tricity apply  to  every  vessel.  The  gains  that 
can  be  realized  in  passenger  vessels  are  of 
considerable  magnitude.  Each  particular 
ship  should  be  the  subject  of  special  study. 
In  many  cases  gain  can  be  shown  by  driving 
propellers  electrically.  This  becomes  more 
evident  with  the  increased  size  of  the  vessel 
and  is  especially  the  case  where  it  may  be 
intended  to  operate  for  certain  months  on  one 
schedule  and  for  another  period  of  the  year 
on  a  different  schedule. 

The  use  of  electric  motors  makes  it  feasible 
to   operate   propellers   at   the  most   efficient 


speed  with  a  resultant  great  saving  in  fuel 
consumption.  In  passenger  vessels  very 
serious  consideration  should  be  given  to  the 
added  reliability  that  is  secured  by  having 
two  or  more  main  turbines,  any  one  of  which 
can  drive  the  propeller  motors. 

In  considering  the  use  of  electric  propulsion 
for  merchant  vessels,  the  perfect  showing  of 
the  collier  Jupiter  over  a  period  of  seven  years 
must  be  recognized.  While  it  is  true  that 
this  is  a  naval  vessel  and  for  that  reason  the 
machinery  might  be  expected  to  receive  bet- 
ter care  than  would  be  the  case  in  the  average 
cargo  boat,  nevertheless  it  is  a  fact  that  she 
has  performed  her  arduous  duties  without 
interruption  and  no  precautions  have  been 
taken  other  than  would  be  the  case  in  the 
introduction  of  any  new  form  of  machinery. 
The  machinery  on  this  boat  has  demonstrated 
the  reliability  of  properly  designed  electrical 
apparatus. 

Instances  where  electrical  apparatus  has 
failed  due  to  imperfect  design  and  installation 
should  be  considered  only  as  demonstrating 
"how  not  to  do  it  electrically,  "  for  the  reason 
that  when  the  facts  are  known  these  cases  will 
constitute  no  argument  against  the  use  of 
electricity  if  properly  applied. 

In  studying  the  practicability  of  using  the 
oil  engine  for  any  given  ship  earnest  consider- 
ation should  be  given  to  electric  propulsion. 
Study  of  specific  cases  has  shown  that  the 
employment  of  two  or  more  oil  engine  driven 
generators  running  at  considerably  higher 
speed  than  the  propeller  and  driving  it  by  an 
electric  motor  works  out  to  have  as  low  first 
cost  as  the  direct  connected  oil  engine  even 
in  comparatively  small  sizes.  In  larger 
vessels  it  makes  the  use  of  the  oil  engine 
practicable  where  the  power  required  is  con- 
siderably greater  than  that  developed  by  any 
engine  so  far  contemplated.  There  is  always 
the  very  great  factor  of  added  reliability,  for 
should  any  one  of  the  engines  require  adjust- 
ment or  inspection  while  at  sea  it  could  be 
taken  out  of  service  for  the  necessary  time 
and  the  speed  of  the  ship  would  be  only 
slightly  affected.  This  would  allow  the  use 
of  very  low  grade  oils,  as  the  routine  could  be 
so  established  as  to  permit  the  shutting  down 
periodically  of  each  engine  to  clean  valves, 
etc.  The  engines  would  not  require  com- 
plicated reversing  mechanism,  large  air  stor- 
age bottles,  nor  additional  compressors. 

The  purpose  of  this  article  is  to  show  that 
shipowners  in  this  country  have  a  means  avail- 
able for  improving  the  economy  of  their 
vessels  so  as  to  better  fit  them  to  meet  foreign 
shipping  competition. 
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Cylindrical  Return-tube  Boilers 

By  \V.  F.  Carnes 
Be  mi  1  him  Shipbi  ilding  Corporation,  Ltd. 


General  Construction 

The   cylindrical    marine   boiler,    sometimes 

called  the  Scotch  boiler,  lias  been  in  general 

i   fifty  years  and  still  finds  general 

favor  for  use  in   ships,  although  us  weight, 

size  and  amount  of  water  carried  are  much 

er  than  in  other  types  of  boilers.     It  is 

J  parts  nf  different  materials; 

the  shells,  combustion  chambers,  and  furnaces 

plates,  the  stays  of  high-grade 
hats,   the  rivets  of  mild  steel,   and   the  tubes 
of  lapwelded  charcoal    iron.     The  shells   >>{ 
boilers  less  than  11  ft.  in  diameter  can  be  made 


existing  mill  rolls.  In  all  first-class  boiler 
work,  where  the  steam  pressure  is  above  LOO 
lb  per  square  inch,  the  seams  of  the  shell 
plates  are  made  by  butt  straps  fitted  one 
inside  and  one  outside,  the  three  plates  being 
1  together  by  two  or  three  rows  of 
rivets  as  shown  in  Fig.  1.  These  rivets  are 
usually  driven  by  hydraulic  power.  The 
thickness  of  the  shell  plates  is  governed  by  f  he 
percentage  of  strength  which  can  be  obtained 
at  the  joints  This  may  be  as  high  as  M  per 
cenl  of  the  full  section  of  the  plate  by  using 
three  rows  of  rivets. 


-tube  Marine  Boiler,  Showing  Details  of  Construction  Together  with  Oil  Bar: 
and  Arrangement  for  Forced  Draft  with  Pre-heated  Air 


in  one  plate;  those  of  boilers  between  11  and 
15  ft.  in  diameter  can  be  made  in  two  plates. 
When  the  boiler  exceeds  15  ft.  in  diameter 
and  is  of  high  pressure,  say  220  lb.,  it  is 
advisable  to  make  the  shell  in  three  pi; 
owing  to  tl  and  weighl .      In  all 

cases  it  is  necessary  that  the  boiler  be  made 
not  longer  than    12  ft.  to  meet  the  width  of 


The  heads  or  end  plates  of  the  boilers. 
which  are  flanged  to  meet  the  shell,  are 
attached  by  a  double  row  of  rivets.  The 
furnaces  are  cylindrical,  made  out  of  one  plate 
welded  and  corrugated  by  means  of  rolling 
in  special  machinery.  Due  to  these  cor- 
rugations, comparatively  thin  plates  can  be 
u  ed,  the  thickness  varying  from  tV  to  xi  ot 
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an  inch  according  to  the  size  and  working  pres- 
sure. The  inner  ends  of  the  furnaces  are 
flanged  outward,  having  a  special  shape  at 
the  bottom  which  enables  them  to  be  with- 
drawn without  disturbing  the  front  plating 
of  the  boilers.  In  some  cases  the  outer  ends 
of  the  furnaces  are  made  straight  and  the 
heads  flanged  outward  for  attachment.  The 
method  generally  used  by  the  Bethlehem 
Shipbuilding  Corporation  is  to  flange  the 
outer  ends  of  the  furnaces  as  well  as  the  inner 
ends  and  thus  avoid  flanging  the  openings  in 
the  front  heads: 

The  combustion  chambers  to  which  the 
inner  ends  of  the  furnaces  are  attached  are 
made  to  a  shape  to  suit  the  radius  of  the 
boiler  shell  and  inner  ends  of  the  furnaces. 
The  sides  and  backs  are  supported  by  means 
of   stays   screwed   into   the   plates   with   the 


of  the  water  and  to  provide  necessary  access 
to  the  inside  of  the  boiler  for  examination  and 
cleaning.  Manholes  are  usually  provided  for 
this  purpose  in  the  shell  and  in  the  heads 
between  the  furnaces. 

The  fire  tubes  are  fitted  between  the  com- 
bustion chambers  and  the  front  heads.  The 
gases,  on  the  way  to  the  uptakes,  pass  through 
these  tubes  which  van-  in  diameter  from  2^2 
to  3  in.  A  certain  number  of  these  tubes  are 
screwed  into  the  plates  to  form  stays  for  the 
plates. 

Smokeboxes  constructed  of  steel  plates  are 
attached  to  the  front  heads  of  the  boilers. 
These  are  fitted  with  hinged  doors  having 
openings  the  full  width  of  the  nests  of  tubes. 
These  doors  are  used  to  give  access  to 
the  tubes  for  sweeping  out  soot  or  making 
repairs. 


angement  of  Dahl  Mechanical  Fuel  Oil  Burning  System 


ends  riveted  over  or  fitted  with  nuts;  the  tops 
are  supported  by  plate  girders.  Where  forced 
draft  is  used,  an  independent  combustion 
chamber  is  provided  for  each  furnace.  In 
boilers  where  lighter  weight  and  cheaper 
construction  is  required  and  the  combustion 
is  by  natural  draft,  it  is  a  common  practice  to 
connect  all  the  furnaces  to  one  chamber. 

It  is  very  important  when  designing  the 
boiler  that  ample  spaces  be  provided  between 
the  combustion  chambers,  the  shell,  and  the 
back  head  of  the  boilers;  also  over  the  tops  of 
the  furnaces  and  between  the  tubes,  both  to 
facilitate  the  circulation  and  free  evaporation 


Furnace  Fittings 

The  fronts  for  natural  draft  are  usually 
made  of  steel  plate;  where  forced  draft  is 
used  they  are  made  of  cast  iron  with  passages 
for  regulating  the  air  supply,  and  are  fitted 
with  hinged  doors  for  fire  and  ash  pits.  The 
insides  of  the  fronts  are  fitted  with  air-cooled 
baffle  plates,  which  protect  them  and  prevent 
radiation.  The  grate  bars  are  usually  made 
of  cast  iron,  supported  at  each  end  by  cast- 
iron  plates  fitted  to  the  insides  of  the  furnaces. 
The  bars  are  usually  made  from  J^  to  34  of 
an  inch  wide  with  air  spaces  between,  varying 
from  3  s  of  an  inch  for  pea  coal  to  ^  of  an  inch 
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for  soft  coal.  The  length  of  the  grate  bars 
varies  from  5  ft.  for  forced  draft  to  6  f1    for 

natural  draft,  although  this  length  may  be 
increased  if  the  furnaces  arc  of  extra  large 
si/.e  am  e  qo1  too  high  from  the  fire- 

room  floor.     Bridge  walls  are  provided  at  the 
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inner  endsof  thegratebars.  These  are  usually 
made  up  of  fire  brick  on  cast-iron  supports. 

Mountings 

The  following  mountings  are  usually  fitted 
in  ide  oi  the  boiler:    A  dry  pipe  under 

the  main  steam  outlet  to  prevent  a  rush  of 
water  from  being  carried  over  to  the  engine 
or  turbine;  pipe  for  conveying  the  feed  water 
from  the  check  valve  and  distributing  it 
over  a  large  area  of -water  surface,  small  holes 
being  drilled  throughout  the  length  of  the 
pipe  for  this  purpose;  surface  blow-off 
pipe  and  scum  pan,  which  is  placed  below  the 
working  water  level  and  is  used  for  blowing 
off  the  scum  winch  collects  on  the  surface  of 
the  water;  a  bottom  blow-off  pipe  which  runs 
from  the  valve  on  the  shell  to  the  bottom  of 
the  boiler  for  the  purpose  of  blowing  out  all 
water  when  necessary  for  emptying,  or  part  of 
the  water  when  necessary  to  reduce  the 
salinity  or  impurity  of  the  boiler  contents. 

To    prevent     corrosion,     zinc     plates    are 

usually  fitted  to  the  inside  of  the  boilers;  these 

'.iced    in    baskets   attached    to    the   stay 

bars  and  should  be  distributed  over  the  whole 

interior  of  the  boiler  below  the  water  line. 

The  usual  amount  of  zinc  plates  fitted  is  one 

square  foot  per  hundred  square  feet  of  heating 

surfac  should    be    provided    for 

e   circulation    of   the   water   when 

raising  steam.   With  coal  fuel  this  is  done  by 

drawing  the  water  thrbugh 


the  blow-off  pipe  at  the  bottom  of  the  boiler 
and  discharging  it  back  through  the  feed 
pipes;  another  method  is  to  fit  a  hydro- 
kineter,  which  is  a  modified  type  of  injector, 
inside  the  boiler  and  to  furnish  steam  either 
from  the  shore  or  an  auxiliary  boiler  on 
board  ship.  When  oil  fuel  is  used  the  water 
usually  heats  up  uniformly  and  does  not 
require  this  assistance. 

External  Fittings 

The  external  fittings  consist  of  the  following ; 
Main  steam  stop  valve,  independent  auxiliary 
steam  stop  valve,  duplex  spring-loaded  safety 
valves,  a  main  and  an  auxiliary  feed-water 
check  valve  having  a  stop  valve  between  the 
check  and  the  boiler  for  closing  in  case  of 
repairs,  a  surface  blow-off  valve  and  bottom 
blow-off  valve,  a  column  fitted  with  glass 
water  gauge  and  connected  by  means  of 
copper  pipes  with  the  steam  and  water  spaces, 
three  gauge  or  try  cocks  fitted  directly  to  the 
boiler  shell,  steam  pressure  gauge  and  valve, 
salinometer  cock  for  testing  the  density  of 
the  water. 

Boiler  Supports  and  Attachments 

The  boilers  are  supported  upon  steel  plate 
foundations  riveted  to  the  ship's  structure. 
These  are   either  saddles   made   to   conform 


Fig.  4.      Dahl  Fuel  Oil  Discharge  St 


to  the'shape  of  the  boilers,  upon  which  they 
rest  and  are  held  down  by  forged  rods,  or 
fore  and  aft  girders  upon  which  the  boilers 
are  supported  by  plate  brackets  riveted  to 
the  shells.  These  brackets  are  used  also  for 
holding  the  boilers  in  place. 
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Boiler  Covering 

When  boilers  and  connections  have  been 
tested  by  hydrostatic  pressure,  and  found  to 
be  perfectly  tight,  they  are  covered  with 
magnesia  or  other  insulating  material  not 
less  than  2  in.  thick  This  is  usually  held  in 
place  by  galvanized  steel  sheets. 

Draft 

Where  the  boilers  are  of  ample  capacity 
and  simplicity  in  working  is  desired,  natural 
draft  is  used  for  the  combustion  of  the  fuel. 
The  intensity  of  this  draft  can  be  varied 
considerably  by  adding  to  the  length  of  the 
smoke  stack.  The  amount  of  coal  burned 
with  natural  draft  is  about  14  to  15  lb.  per 
square  foot  of  grate  area.  Where  high  powers 
are  required  from  the  boilers,  it  is  customary 
to  increase  the  fuel  combustion  by  fitting 
forced  draft,  when  the  amount  of  coal  burned 
is  increased  to  2S  or  30  lb.  per  square  foot  of 
grate. 

There  are  several  systems  of  forced  draft. 
The  one  most  generally  used  in  merchant 
vessels  is  the  hot-air  system,  commonly  known 


Dahl  Fuel  Oil  Heater 


as  the  "Howden."  This  is  shown  in  Fig.  1 
and  consists  of  vertical  tubes  fitted  in  the 
uptakes  of  the  boilers  through  which  the  hot 
gases  pass  after  leaving  the  fire  tubes.  The  air 
is  supplied  by  a  blower  discharging  on  the 
outside    of    the    heating    tubes    and    passes 


through  passages  in  the  smokeboxes  to  the 
furnace  fronts,  where  the  supply  to  the 
furnaces  is  regulated  by  means  of  the  dampers 
in  the  fronts.  This  hot-air  draft  is  applicable 
to  both  coal  and  oil  fuel.  There  are  other 
systems,    such    as    the    Ellis-Eaves    induced 
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Bethlehem  Furnace  Front  for  Either  For 
Natural  Draft  Fitted  with  Dahl  Burner 


draft,  which  latter  consists  of  a  suction 
blower  so  placed  as  to  draw  the  hot  gases 
from  the  fire  room  through  furnaces  and  fire 
tubes  up  through  the  air  heating  tubes  and 
discharging  the  gases  up  the  smokestack. 
This,  at  one  time,  was  quite  popular  in  steam 
vessels  but  is  not  often  used  now.  Another 
method  is  to  fit  steam  jets  at  the  base  of  the 
smokestack;  this  method  is  used  only  occa- 
sionally on  yachts  or  tugboats  plying  in  fresh 
water  or  where  fresh  water  is  readily  obtain- 
able to  make  up  the  loss. 


Up  to  within  the  last  few  years  coal  was 
almost  invariably  used  for  fuel,  but  it  has 
been  found  that  oil  is  much  more  economical, 
as  the  number  of  attendants  is  considerably 
reduced  and  less  bunker  space  is  required  in 
the  ship  for  stowage  of  oil,  the  space  saved 
being  used  to  increase  the  cargo  capacity. 
The  efficiency  of  the  boiler  is  also  considerably 
increased  as  the  steam  pressure  does  not 
fluctuate  as  is  the  case  where  coal  is  used  and 
the  fires  have  to  be  frequently  cleaned,  the 
steam  pressure  being  constant  over  an 
indefinite  period. 

There  are  various  systems  in  use  for  burn- 
ing oil,  the  principal  one  used  a  few  years 
ago  for  atomizing  the  oil  being  by  means  of 
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steam   or   <  air.      This    method 

i  i     universally     aband 

he  atomization    is    now    accomplished 

by     pressure     only,     pumps     being     fitted 

which  the   burners  at  a 

pressut  for  the  grade  of  oil  to  be 

may    vary     from 

[80    lb     or  more    per     square    inch. 


a   heater.     Pig.  6  shows  a  Bethlehem 

bination    furnace   front   suitable   for   natural 
or  forced  draft.    The  type  of  pump  used  for 
feeding  boilers,  and  for  fuel  pressure,  as  manu- 
red    by    the    Bethlehem    Shipbuilding 
ration,  is  shown  in  Fig.  7. 
Fig.     1     shows    a     return-tube     boiler     1  5 
ft.  diameter  by    11    ft.    9  in.   long,    suitable 


Fig.  7.      Pair  of  Bethlehem-weir  Direct-acting  Feed  Pumps 
with  Float  Tank  and  Automatic  Control  Gear 


The     amount     of    oil   consumed    per  horse- 
■    hour  varies   from    1.1   lb.   in   multiple 
expansion  engines  to  0.9  in  reduction  geared 
turbim 

1  Ine  i  i  the  besl  arrangements  of  mechanical 
atomizing  is  the  Dahl  system,  which  is  manu- 
factured by  the  Bethlehem  Shipbuilding 
Corporation.  The  outline  of  the  front  and 
burner  arc  shown  in  Fig.  1.  Fig.  2  shows  an 
arrangement,  of  the  Dahl  system,  of  the  piping 
heaters,  etc,  usually  furnished  for  a  marine 
boiler;  Fig.  '■'<  shows  a  suction  .strainer;  Fig.  4 
shows  a  discharge  strainer;  and  F 


for  220-lb  steam  pressure.  This  is  a  very 
common  size  of  boiler  used  at  the  present 
time,  the  weight  of  one  being  about  62  tons, 
and  three  units  of  this  size  are  usually  fitted 
in  ships  of  2800  horse  power. 

Where  the  amount  of  power  required  is 
large  and  space  is  limited,  as  in  the  case  of 
large  passenger  ships,  boilers  are  often  made 
double  ended,  that  is,  they  can  be  fired  from 
each  end;  these  are  usually  made  from  17  ft. 
to  22  ft.  long.  A  considerable  saving  in  space 
and  weight  is  obtained  with  the  same  amount 
ating  surface  with  this  type  of  boiler. 
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Water  Tube  Marine  Boilers 

By  W    M.  McFarland 
Manager,  Marine  Department,  Babi  ock  and  Wilcox  Company 


The  boiler  described  in  this  article  is  an 
evolution  and  adaptation  from  the  Babcock  & 
Wilcox  stationary  boiler  for  land  purposes  to 
render  it  suitable  for  use  on  board  ship.  After 
a  period  of  development,  the  manufacture  of 
this  type  of  boiler  was  begun  in  1895,  and  it 
is  interesting  to  note  that  some  of  the  boilers 
built  in  that  year  are  still  in  service.  A  set 
installed  in  1S96  was  replaced  by  a  new  set  in 
the  fall  of  1920,  having  given  twenty-four 
years  service 

As  shown  by  Fig.  1,  this  boiler  consists  of 
a  bank  of  tubes  inclined  at  an  angle  (usually 
15  deg.)  and  sub-divided  into  a  number  of 
sectic  ns.  Each  section  consists  of  two  boxes, 
or  headers,  connected  by  tubes  which  are 
expanded  into  bored  seats  in  the  header.  The 
headers  are  ccrrugated  so  that  the  tubes  are 
"staggered,"  thus  preventing  direct  lanes  for 
the  escape  of  furnace  gases.  At  the  top  of  the 
back  header  a  circulating  tube  connects  the 
header  with  a  steam  and  water  drum  which 
is  at  the  front  and  above  the  front  headers, 
with  which  it  is  connected  by  a  series  of  nip- 
ples. The  lower  ends  of  the  front  headers  are 
connected  with  a  cross  box,  or  mud  drum, 
through  which  the  contents  of  the  boiler  can 
be  emptied.  In  each  header  opposite  a  four- 
inch  tube  or  a  group  of  two-inch  tubes  is  a 
hand  hole  closed  by  a  plate  and  dog  or  bridge. 
Through  these  hand  holes  complete  access  is 
given  to  the  inside  of  the  header  and  to  the 
tubes  for  internal  cleaning,  expanding,  and, 
in  the  case  of  renewing  a  tube,  for  its  removal 
and  replacement. 

The  back  headers  are  supported  on  an  "I " 
beam  which  runs  across  the  boiler,  and  it  is 
to  be  noted  that  they  rest  upon  this  beam 
without  being  secured  to  it.  The  result  is 
that  each  section  is  free  to  expand  independ- 
ently of  every  other  one,  thus  giving  the 
boiler  a  remarkable  and  unusual  degree  of 
elasticity,  which  is  impossible  where  the  tubes 
are  expanded  into  stiff  water  boxes  running 
clear  across  the  boiler. 

It  will  be  noted  that  vertical  baffles  extend- 
ing about  two-thirds  of  the  way  across  the 
bank  of  tubes  compel  the  gases  to  cross  the 
tubes  three  times  in  their  passage  from  the 
furnace  to  the  uptake,  thereby  insuring  the 
thorough  sweeping  of  the  gases  over  every 
part  of  the  tubes.  A  roof  baffle  of  light, 
highly  refractory  tile  extends  about  two-thirds 


of  the  length  of  the  furnace  from  the  front, 
preventing  the  entrance  of  the  gases  into  the 
tube  bank  until  after  combustion  is  complete. 
Owing  to  the  upward  inclination  of  the  tubes, 
the  volume  of  the  furnace  increases  toward 
the  exit  of  the  gases,  thus  providing  for  the 
increased  volume  due  to  the  high  tempera- 
ture of  the  combustion.  When  the  boiler  is 
fitted  for  burning  oil  fuel,  the  sides,  bottom, 
back,  and  front  are  all  lined  with  brick  so  that 
the  conditions  are  ideal  for  perfect  combus- 
tion. 

Fig.  1  also  shows  a  superheater  which  is 
placed  above  the  first  and  second  passes  of 
the  gases  in  a  position  where  the  gas  temper- 
ature is  high  enough  to  secure  a  considera- 
ble degree  of  superheat  from  a  moderate 
amount  of  surface.  This  location  is  much 
more  efficient  than  the  uptake  with  low  tem- 
perature and  exposure  to  atmospheric  corro- 
sion, and  also  to  positions  further  along  to- 
ward the  exit  of  the  gases  where  the  low  tem- 
perature requires  much  greater  surface. 

The  steam  and  water  drum  is  at  the  front 
of  the  boiler  and  is  supplied  with  the  usual 
fittings  and  mountings.  It  is  to  be  noted  that 
the  drum  is  away  from  the  hottest  part  of  the 
boiler,  thereby  contributing  to  a  steady  water 
level. 

The  circulation  is  simple  and  direct  and  all 
the  water  in  the  boiler  partakes  of  the  circu- 
lation, there  being  no  "dead"  spaces.  In 
consequence  of  this  active  circulation  the 
amount  of  water  carried  in  the  boiler  is  very 
small  as  compared  with  the  older  type  of 
shell  boilers,  the  amount  varying  from  five 
to  seven  pounds  per  square  foot  of  heating 
surface  as  against  twenty-five  tothirtypounds. 

Advantages 

The  special  advantages  of  the  marine  boiler 
herein  described  may  he  summarized  as  fol- 
lows: 

(1)  Lightness  but  with  scantlings  suffi- 
cient to  give  reasonable  longevity. 

( 2 )  An  adequate  amount  of  water  so  that 
inattention  to  or  failure  of  the  feed 
supply  will  not  immediately  cause 
trouble. 

(3)  Accessibility  for  cleaning  and  repairs 
on  both  water  and  fire  sides. 

(4)  Straight  tubes  with  no  screw  joints, 
all  the  joints  being  expanded. 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXIV,  No.  -2 


5     \,  al,   either  iron  or 
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i,    Abilil ;   to  raise  steam  quickly. 
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Ability   to  stand   abuse;   that   is,   the 
boiler  is  of  rugged  construction  and 
does  not  require  skilled  mechanics  to 
run  it. 
(12)  Safety  against  disastrous  explo 
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Fig.  1.     Sectional  Side  Elevation  of  Water  Tube  Marine  Boiler,  Showing  Tubes,  Steam  and  Hot  Water  Drum, 
Superheater,  and  One  Oil  Burner 


(9)   Interchan^cability    of    parts   and    the 
use-  ci  'inmercial    sizes,    so 

that  many  repair  parts  can  be  secured 
anywhere. 

md  severe  forcing  with- 
'  jury. 


Repeated  tests  by  independent  engineers 
have  shown  that  steam  can  be  raised  from 
cold  water  to  a  pressure  of  200  lb.  per  square 
inch  in  about  fifteen  minutes.  While  it  is  not 
necessary,  as  a  rule,  to  raise  steam  so  quickly, 
this  quality  may  be  of  the  greatest  service  in 
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case  of  necessity,  such  as  a  sudden  storm  when 
at  anchor  or  a  fire  on  the  dock  where  the  ves- 
sel is  lying. 

Boilers  for   Fast   Passenger  Steamers 

Where  saving  of  weight  and  space  are  of 
the  greatest  importance,  as  is  usually  the 
case  in  naval  vessels,  the  boilers  are  built  with 
tubes    two    inches    in    diameter,    the   weight 


tenance  of  cleanliness,  exterior  and  interior, 
is  easier  with  the  larger  tubes.  Boilers  of  this 
type  will  weigh  from  thirty  to  thirty-six 
pounds  per  square  foot  of  heating  surface, 
including  water. 

Economy   and   Capacity   of   Boilers 

A  great  many  tests  of  boilers  built  for  the 
Navy  have  been  made  by  Boards  of  Naval 


LJ= 


■  JU 


Fig.  2.      Front  Elevation  of  the  Babcock  &  Wileo*  Marine  Boiler  Shown  in  Fig.  1 


being  from  twenty  to  twenty-five  pounds  per 
square  foot  of  heating  surface,  including  water. 
Boilers  of  this  type  are  used  for  high  powered 
passenger  steamers. 

Boilers  for  Merchant   Vessels 

In  freight  carriers  or  other  vessels  where  the 
saving  of  weight  and  space  need  not  be  car- 
ried to  the  last  extreme,  boilers  with  four- 
inch  tubes  are  usually  employed,  as  the  main- 


officers,  thus  supplying  data  of  unquestioned 
accuracy  and  reliability.  In  some  coal  burn- 
ing tests  the  rate  of  combustion  for  several 
hours  was  70  pounds  per  square  foot  of  grate 
surface  per  hour,  which  is  the  highest  rate  of 
driving  ever  attained  with  any  water-tube 
boiler  when  using  coal  as  fuel.  The  evapora- 
tion was  14.70  pounds  per  square  foot  of  heat- 
ing surface.  The  record  of  an  oil  fuel  test 
shows  that  the  boiler  was  driven  at  an  even 
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higher  rate,  namely,    1.23  pounds  of  oi 
squari  urface  per  hour,  which 

gave  an  evaporation  of  18.7  pounds  oJ 
per  square  foot  of  heating  surface  per  hour. 

Facility   for   Cleaning   and   Repair 

Every  pari  of  the  boiler  is  readily  accessible, 
thus  makinj  .Iran  and  repair.    The 


I;  is  worth  noting,  as  showing  the  small 
amounl  of  repairs,  that  theU.  S.S.  Marietta 
fitted  with  Babcock  &  Wilcox  boilers,  which 
accompanied  the  U.  S.  S.  Oregon  on  her  famous 
trip  "around  tin-  Horn"  from  San  Francisco 
to  Florida  al  the  tunc  of  the  Spanish  War.  a 
distance  of  about  13,000  miles,  only  needed  a 
few  fire  bricks  after  this  lon^;  voyage. 
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SECTION  A-B 

Figs.  3  and  4.     Photograph  and  D 


interior  of  the  tubes  can  be  cleaned  from  out- 
side the  boiler.  There  is  no  "back  connec- 
tion" to  be  cleaned.  As  a  rule,  the  only 
repairs  arc  the  occasional  renewal  of  tubes, 
where  all  the  work  is  done  outside;  and  the 
renewal  of  furnace  firebricks,  where  the! 
ample  room  to  work. 


Oil    Burner 

The  oil  burner  shown  in  Figs.  .'5  and  4  is  of 
the  type  known  as  "mechanical  atomizing." 
This  means  that  the  oil  spray  is  produced  by 
mechanical  pressure  on  the  oil  and  not  by 
means  of  mixture  with  steam  or  air,  as  was 
the  case  with  the  first  oil  burners  used. 
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There  are  two  very  essential  features  in  the 
oil  burner,  one  the  device  for  producing  the 
oil  spray,  called  a  "sprayer  plate,"  and  the 
other,  the  air  register,  for  causing  an  intimate 
admixture  of  air  with  the  oil  spray  so  as  to 
secure  complete  combustion. 

The  sprayer  plate  consists  essentially  of  a 
central  orifice,  through  which  the  oil  is  finally 
expelled,  with  four  slots  tangential  to  this 
orifice  and  communicating  with  an  outer  cir- 
cular channel  which  itself  is  in  communica- 
tion with  the  barrel  of  the  burner.  The  oil 
under  pressure,-  going  through  tangential  slots 
to  the  central  orifice,  receives  a  rapid  whirling 
motion,  which,  after  passing  through  the 
orifice,  causes  it  to  break  into  a  conical  spray 
of  very  fine  particles. 

The  air  register  consists  of  a  number  of 
vanes  set  at  an  angle  and  so  arranged  as  to 
cause  a  whirling  motion  of  the  air,  which 
produces  a  thorough  mixture  with  the  oil  and 
secures  complete  combustion. 

These  oil  burners  are  arranged  to  be  used 
with  either  natural  or  forced  draft,  and  pro- 
vision is  made  for  adjustment  so  as  to  obviate 
smoke  and  pulsations.  The  apparatus  is  so 
designed  that  a  burner  can  be  very  quickly 
removed  for  cleaning.  A  strainer  is  provided 
as  part  of  the  burner  barrel  to  insure  clean- 
liness of  the  oil. 

The  quantity  of  oil  which  can  lie  burned 
efficiently  depends  upon  the  size  of  the  orifice, 
the  oil  pressure,  and  the  amount  of  air  and 
air  pressure.  The  latest  development  of  the 
burner  manufactured  by  the  Babcock  &  Wil- 
cox Co.  has  been  in  the  direction  of  very  large 


capacities  per  burner,  and  recent  tests  have 
given  a  record  of  more  than  one  ton  of  oil  per 
hour  per  burner. 

Thus  far  the  efficiency  of  oil  burners  has 
been  determined  only  in  connection  with  the 
evaporative  performance  of  the  boiler  to 
which  the  burners  were  attached.  Babcock 
&  Wilcox  burners  in  connection  with  boilers 
of  the  same  make  and  with  White-Forster 
boilers,  have  attained  efficiencies  exceeding 
80  per  cent. 

Oil   Fuel 

Since  the  advent  of  highly  efficient  mechan- 
ical atomizing  burners,  oil  has  become  very 
popular  for  marine  purposes.  The  advantages 
of  oil  fuel  over  coal  for  marine  boilers  are  as 
follows : 

( 1 )  Greater  convenience  and  uniformity  of 
operation. 

(2)  Greatly  increased  cleanliness. 

(3)  Increasedbunkercapacitydueto  greater 
thermal  value. 

(4)  Ability  to  utilize  double-bottom  and 
other  spaces  not  available  for  coal. 

(5)  Greatly  reduced  fireroom  force. 

(6)  Ease  and  rapidity  of  taking  fuel  on 
board. 

(7)  Higher  efficiency  of  boiler  due  to  uni- 
form conditions  of  working,  absence 
of  opening  doors  for  firing,  and  no  loss 
from  ashes  and  unburned  fuel. 

(8)  Absence  of  the  nuisance  of  ashes  and 
cleaning  fires. 

(9)  Elimination  of  "stand-by"  losses. 
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The  Pactfic  is  the  first  merchant  ship  in  the  world  to  be  equipped  with  a  high-speed  turbine,  double-reductu 

gear  drive.      The  turbine  is  of  the  Curtis  impulse  type  and  the  gears  of  the  two-plane  type. 

Up  to  October  1,  1920,  this  vessel  has  steamed  over  230.000  miles 


The  Robin  Gray  is  an  Express  Freighter  Propelled  by  a  3000-h.p.  Turbine  Geared  Unit  of  the  Two  pis 
Double-reduction  Type.     The  boat  entered  the  service  in  the  early  part  of  1920 
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Steam  Superheaters  in  Merchant  Ships 

By  H.  B.  Oatley 
Chief  Engineer,  Locomotive  Superheater  Company 


Superheaters  as  used  in  marine  service  at 
the  present  time  may  be  divided  into  two 
classes : 

Live-gas  superheaters  are  those  exposed 
to  the  gases  of  combustion  which,  after 
leaving  part  or  all  of  the  superheater, 
again  are  in  contact  with  the  evaporating 
surface. 

Waste-gas  superheaters  are  those  that 
are  exposed  only  to  the  gases  which  have 
left  the  boiler  evaporating  surfaces. 

Successful  superheater  equipment  of  effi- 
cient design  must  be  located  in  a  zone  where 
the  gas  temperatures  and  velocities  are 
relatively  high,  thus  providing  better  heat 
transfer  and  less  possibility  of  soot  being 
deposited  upon  the  surfaces  of  the  super- 
heater. 

For  cross-drum  water-tube  boilers,  the 
superheater  is  generally  located  at  the  top 
between  the  first  and  second  pass,  as  shown 
in  Fig.  1.  This  superheater  is  of  the  live-gas 
class,  and  is  in  a  zone  of  gas  temperatures 
ranging  between  1000  and  700  deg.  F. 

For  Scotch  boilers,  the  fire-tube  type  of 
superheater  is  of  the  live-gas  class,  as  shown 


in  Fig.  2,  and  is  in  world-wide  use.  The  gas 
temperature  surrounding  the  units  ranges 
between  1000  and  500  deg.   F. 

For  both  water-tube  and  fire-tube  boilers, 
some  installations  have  been  made  in  this 
country  of  the  low-degree  waste-gas  super- 
heater, shown  in  Fig.  3,  although  its  use 
abroad  was  discontinued  a  decade  ago. 
It  usually  is  placed  in  a  gas  temperature  zone 
ranging  from  550  to  440  deg.  F. 

In  order  to  make  clear  the  heating  capacity 
afforded  by  the  two  classes  of  superheaters, 


Scotch  Boiler  with  Fii 
Live-gas  SuperheE 


Boiler  Equipped  ' 
Superheatei 


ith  Waste-gas 
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Figs.  4  and  5  arc  shown.    Fig.  1  shows  1 1 
temperature  curve,   under  good   combustion 
conditions,   for   the  usu  A    vertically- 

baffled   cross-drum    water-tube   boiler.      The 
zone  oi  '  wn  and  the 

shaded  area  indicates  >erature  dif- 


ference available.  Fig.  5  is  a  similar  diagram 
for  a  Scotch  boiler.  The  location  of  the  units 
of  a  fire-tube  superheater  is  shown,  and  the 
"temperature  head"  is  indicated  by  the 
shaded  area.  The  location  and  temperature 
head  of  a  waste-heat  superheater  is  indicated. 
In  each  illustration  there 
is  shown  a  curve  of  gas 
temperatures  for  poor  com- 
bustion conditions.  The 
advantages  of  having  a 
liberal  margin  of  super- 
heating capacity,  by  locat- 
ing the  superheater  in  an 
adequately  high  gas  tem- 
perature zone,  is  evident 

The  advantages  of  keep- 
ing superheater  surfaces 
clean  need  not  he  empha- 
sized. The  effect,  how- 
ever, of  soot  and  scale 
formation  necessarily  more 
severely  affects  the  super- 
heater which  has  I ' 
capacity  or  smaller  tem- 
perature head.  The  neces- 
sity of  having  reserve  ca- 
pacity   for    producing    the 


specified  superheat  under  conditions  existing 
:.   which   may  add  considerably  to  the 
amount  of  moisture  and  sometimes  even  solid 
ing  to  the  superheater,  is  very  well 
1    by    those   who   have   had   experi- 
ence with  this  problem. 

Boiler  efficiency  is  notice- 
ably improved  by  the  use 
of  superheaters.  In  water- 
nil  >e  boilers,  the  use  of  a 
live-gas  superheater  does 
not  require  any  sacrifice 
of  boiler  proportions  to 
favor  the  superheater,  and 
the  uptake  temperature  is 
lowered  by  the  addition  of 
the  superheater.  In  Scotch 
boilers  of  the  best  design, 
the  gases  leave  the  tubes 
at  about  500  or  not  more 
than  5-30  deg.  F.  The  in- 
stallation of  a  fire-tube 
superheater  will  reduce  the 
gas  temperature  at  this 
point  50  or  even  75  deg.  F. 
In  boilers  that  are  not  so 
well  designed,  the  reduc- 
tion may  be  more  by 
varying  the  superheater 
proportions. 
A  waste-gas  superheater  is  indicated  in 
Fig  5.  In  a  well-designed  boiler  it  is  subjected 
to  limited  gas  temperatures  and  20  to  25  deg. 
F.  of  superheat  is  the  practical  limit  for  even 
good  operating  conditions.  The  designers  of 
this  class  of  superheater  therefore  naturally 
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desire  that  the  boilers  be  so  proportioned  as 
to  provide  an  undesirably  high  uptake  tem- 
perature in  order  that  these  degrees  of  super- 
heat be  obtained  under  adverse  operating 
conditions. 

Units  (or  elements)  of  superheaters  in 
marine  practice  are  either  of  the  bare-tube  or 
covered-tube  type,  about  80  per  cent  being 
of  the  former.  The  covered  tube  has  been 
applied  only  in  American  built  vessels.  The 
bare-tube  is  more  easily  kept  free  from  soot 
and  ashes  than  is  the  covered-tube  because 
the  ribs  on  the  latter  collect  and  retain  soot 
and  ashes.  The  sustained  superheating  ca- 
pacity of  any  unit  is  largely  affected  by  the 


unit  pipes  are  joined  they  are  rolled  into  a 
box-form  of  cast-steel  return  bend,  which  has 
the  usual  hand-hole  and  plug. 

Headers  are  of  seamless  steel  tubing,  cast 
steel,  or  semi-steel.  In  section  they  are  either 
rectangular  or  circular  with  flattened  sides. 
The  flattening  permits  of  an  easier  rolling 
of  tubes  and  fitting  of  hand-hole  plugs  and 
gaskets. 

Table  I  will  bring  out  the  characteristics  of 
the  three  classes  of  superheaters  which  have 
been  described  in  some  detail. 

The  function  of  the  superheater  in  the 
engineering  field  is  twofold:  to  produce 
economy  and  increase  capacity.     When  used 


Fig.   1 

Fig.  2 

Fig.  3 

Class  of  Superheater 

Live-Gas 

Live-Gas 

Waste-Gas 

Gas  Temperature  Range 

1000°  to  700° 

1000°  to  500° 

550°  to  440° 

Bare 

Smooth 

Permanent 

Bare 

Smooth 
Detachable 

Connection  to  Header 

Permanent 

Hand  Holes  in  Header 

With 

None 

With 

Unit  Pipe  Bend 

Bent 

Forged 

Rolled  in  Box 

Header  Material 

Steel 

Cast  Steel  or 
Semi-steel 

Steel 

collection  of  soot  and  dirt  on  the  outside,  as 
well  as  by  the  scale  on  the  steam-touched  side. 

Units  are  connected  to  headers  either  by 
a  permanent  rolled  joint,  or  by  a  detachable 
joint  having  metal-to-metal  or  recessed  gasket 
construction.  When  unit  pipes  are  rolled 
into  the  header  there  is  required  an  opening  or 
hand-hole  opposite  the  tube-end  which  neces- 
sitates a  plate  or  plug.  With  the  detachable 
form  of  joint,  no  additional  opening  is  required . 

Unit  pipes  are  either  continuous  or  joined. 
When  continuous,  they  are  bent  either  to  a 
"U"  or  hairpin  form,  or  are  forge-welded 
together.  The  forged  type  of  return  bend  is 
used  where  pipes  are  required  to  be  close 
together  as  in  fire-tube  superheaters.     When 


for  marine  purposes  in  connection  with  com- 
mercial vessels,  its  purpose  usually  is  fuel 
economy.  However,  if  desired,  the  super- 
heated steam  vessel  may  be  operated  at  a 
higher  power  output  than  can  be  obtained 
with  saturated  steam.  Its  use  on  naval 
vessels  is  generally  to  provide  increased  horse- 
power or  decreased  boiler  size.  Superheated 
steam  has  been  adopted,  and  is  considered 
essential,  for  all  kinds  of  steam  power  plants 
on  land.  The  advantages  of  highly  super- 
heated steam  are  well  known,  and  its  increas- 
ing use  in  marine  service,  particularly  during 
the  past  two  years,  indicates  that  the  near 
future  will  see  its  position  as  firmly  established 
on  shipboard  as  it  is  in  other  fields. 
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General  Electric  Marine  Geared  Turbine  for  Ship  Propulsion.      The  turbine  is  of  the  Cu 
type  and  has  both  "ahead"  and  "astern"  elements.      The  gears  are 
of  the  two-plane  double-reduction  type 


General  Electric  Marine  Turbine-generator  Set  which,  with  Induction  Moto 
is  Used  for  Electric  Propulsion.      The  set  is  not  made  reversit 
movement  is  obtained  by  reversing  the  motors 


Synchronous  Mt> 


High-speed  Turbine  Drive  of  Merchant  Ships* 

By  Eskil  Berg 
Turbine  Engineering  Department,  General  Electric  Company 


The  modern  steam  turbine  when  considered 
simply  as  a  prime  mover  has  demonstrated 
its  superiority  in  both  efficiency  and  economy 
as  compared  with  the  reciprocating  steam 
engine.  In  applying  the  turbine  to  ship  pro- 
pulsion, the  problem  confronting  marine  en- 
gineers today  is  that  of  selecting  the  method 
which  will  secure  the  highest  overall  efficiency 
for  both  the  prime  mover  and  propeller. 

Three  methods  of  application  are  as  follows: 

(1)  The  turbine  directly  connected  to  the 
propeller  shaft.  This  method  involves  a 
serious  sacrifice  in  the  efficiency  of  both  tur- 
bine and  propeller,  as  the  former  must  be 
operated  at  a  speed  greatly  below  its  point  of 
best  economy  and  the  latter  at  a  speed  greatly 
in  excess  of  that  which  will  give  maximum 
propeller  efficiency.  This  compromise  method 
of  direct  connection  between  inherently  high- 
speed and  low-speed  units,  despite  the 
attractive  feature  of  its  apparent  simplicity, 
results  in  such  low  overall  efficiency  that, 
except  in  special  cases,  it  is  not  now  seriously 
considered  as  a  feasible  method  by  designing 
engineers. 

(2)  A  gear  train  interposed  between  the 
turbine  and  the  propeller.  This  method  per- 
mits both  the  prime  mover  and  the  propeller 
to  operate  at  efficient  speeds,  but  involves 
the  design  and  construction  of  single  or  mul- 
tiple reduction  gears  which  must  withstand 
continuous  operation  under  severe  service 
conditions.  It  also  necessitates  a  separate 
turbine  element  for  reverse  operation  of  the 
propeller. 

(3)  The  substitution  of  what  might  be 
called  an  electrical  gear  in  place  of  the  me- 
chanical gears  of  method  (2).  In  this  case 
the  turbine  is  designed  so  as  to  secure  the 
highest  efficiency  in  the  operation  of  an  elec- 
tric generator,  and  the  driving  motor,  which 
is  direct  connected  to  the  propeller,  is  in  turn 
designed  solely  for  that  service.  All  reversing 
is  done  without  reversing  the  turbine. 

While  the  first  method  has  practically 
been  abandoned  by  marine  engineers  for 
commercial  ships,  the  second  and  third 
methods  have  been  applied  to  a  considerable 
number  of  ships  of  various  tonnage  ratings 
and  speeds,  and  the  operating  records  which 


are  now  available  make  it  possible  to  deter- 
mine which  methods  should  be  applied  when 
the  service  conditions  are  known. 

Advantages  of  Steam   Turbine   Over    Reciprocating 
Engine 

In  a  turbine,  an  expansion  ratio  of  400  to  1 
can  be  obtained,  the  limit  of  expansion 
being  entirely  governed  by  the  temperature 
of  the  cooling  water;  whereas,  in  a  recipro- 
cating engine,  the  limit  lies  in  the  size  of  the 
low-pressure  cylinder.  Marine  engines  gen- 
erally have  an  expansion  ratio  of  15  to  1,  or 
less.  The  net  result  is  that  the  turbine 
realizes  about  25  per  cent  more  energy  out 
of  the  steam  than  the  reciprocating  engine, 
and  can  do  so  more  efficiently. 

Turbine  Speed 

High-speed  turbines  are  lighter,  simpler 
and  much  more  efficient  than  low-speed  tur- 
bines. For  a  given  horse  power,  there  is  just 
one  speed  (r.p.m.)  for  which  the  turbine  can 
be  made  most  efficient.  If  for  any  reason 
this  speed  is  reduced,  an  inferior  turbine  is 
bound  to  result.  The  great  majority  of  tur- 
bine ships  now  in  operation  have  turbine 
speeds  entirely  too  low  for  best  economy. 
This  condition  has,  no  doubt,  retarded  the 
introduction  of  turbines  for  the  propulsion  of 
ships. 

Propellers 

Propellers  are  limited  to  low  speed  for  high 
efficiency.  Therefore,  they  should  not  be 
directly  connected  to  turbines,  although  this 
has  been  done  with  great  sacrifice  of  economy 
on  some  very  fast  and  powerful  passenger 
vessels,  as  well  as  on  fast  warships  and  de- 
stroyers. 

The  Mauretania  is  probably  the  best  ex- 
ample of  what  can  be  done  with  this  arrange- 
ment. She  has  four  screws  and  develops 
about  69,000  h.p.  with  a  propeller  speed  of 
Ins  r.p.m.  The  turbine  equipment  consists 
of  two  high-pressure  turbines  and  two  low- 
pressure  turbines,  one  turbine  on  each  pro- 
peller shaft.  This  really  makes  two  complete 
turbines,  each  having  3-1,500  h.p.  To  design 
the  best  turbine  possible  for  this  horse  power, 
the  speed  should  have  been  about  1400  r.p.m. 
instead  of  188.  The  net  result  is  that  each 
turbine  for  the  big  Mauretania  has  an  effi- 
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nt,  which  is  much 
poorer  than  the  Curtis  turbines  now  being 
used  on  2500-h  p.  freighters  with  double- 
reduct  with    electric    drive. 

Turbii  h.p  ,    running    at    1500 

r.p.m..  are  now  in  daily  use,  the  efficiencies 
of  which  an-  over  80  pet  !7  5  per  cent 

better  than   the  low-spied   Mauretania   tur- 

GEAR   DRIVE 
Single-reduction  Gears 

In  every  case,  with  the  exception  of 
destroyers  and  lighl  scout  cruisers,  the  writer 
has  found  that,  in  order  to  be  able  to  use 
single-reduction  gears,  the  turbine  speeds 
have  to  lie  made  too  low  to  produce  the  best 
and  also  that  a  propeller  speed  has  to 
be  chosen  which  is  too  high  for  good  per- 
formance 

Table    I    gives    the    approximate    turbine 

horse  powers  and  speeds  required  for  the  best 

Qcy.     With  turbines  of  the  type  most 

used    for    ship    propulsion   any    reduction   of 

these  speeds  will  handicap  the  turbine.     The 


TAI 

5LE   I 

HORSE    POWER 

SPEED.     R.P.M. 

1000 

Minn 

5700 

3000 

5160 

1000 

4030 

.-,000 

3600 

7000 

3040 

101  Kill 

2551 1 

12000 

2330 

1.5000 

2090 

[8000 

1900 

2 10 

1 81 II  i 

table  also  shows  that,  even  with  double- 
reduction,  the  gears  of  types  now  used  give 
turbine  speeds  which  are  lower  than  those 
suitable  for  best  results. 

Efficiency  of  Gears 

Most  careful  tests  have  been  made  by  the 
General  Electric  Company  to  determine  the 
efficiency  of  double- reduction  ship  gearing. 
These  were  made  by  connecting  two  ship 
gears  together,  with  a  turbine  on  one  end 
and  a  high-speed  generator  on  the  other. 
After  these  tests  had  been  run,  the  gears 
were  removed  and  the  turbine  was  connected 
directly  to  the  same  generator.  A  compari- 
son gave  the  gear  losses  of  the  two  ship  gears 
and,  as  these  losses  wen-  twice  that  of  one 
gear,    they    could    be    accuratelv    measured. 


The  result  of  these  tests  is  given  in  Fig.  1. 
By  present  standards,  1540  h.p.  on  this  curve 
corresponds  to  what  would  be  considered  con- 
servative tooth  pressure  for  long  life  of  the 
gears.  The  efficiency  at  this  point  is  94.5 
per  cent. 

Tests  made  in  similar  manner  on  single- 
reduction  gears,  but  of  smaller  capacity,  in- 
dicate that,  for  a  conservative  design  and  for 
such  speeds  as  would  generally  be  required  in 
ship  work,  an  efficiency  of  97  to  97.5  per  cent 
may  be  expected.  This  gain  in  efficiency  over 
double-reduction  is.  however,  lost  in  the  tur- 
bine as  this  machine  must  be  designed  for 
lower  speed. 

The  result  of  all  the  gear  tests  made  shows 
that:  low  peripheral  speed  and  high  tooth 
pressure  give  the  best  efficiency,  and  that  the 
efficiency  falls  off  rather  rapidly  with  in- 
creased speed  and  lower  tooth  pressure. 

Loss  in  Reversing  Turbine 

The  friction  loss  of  the  reversing  turbine 
depends  upon  the  design  and  the  degree  of 
reversing  torque  desired.      Tests  have  been 
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Fig.  1.  Efficiency  Curve  of  a  Double-reduction  Gear 

made  in  Schenectady  on  the  reversing  tur- 
bine of  a  2500-h. p.  ship.  Its  reversing  ele- 
ment gives  full-load  torque  at  standstill, 
has  two  stages,  and  is  specially  proportioned 
to  give  low  rotation  loss. 

The  tests  were  made  by  driving  the  revers- 
ing wheels  in  a  vacuum  with  a  high-speed 
synchronous  motor.  With  28  inches  vacuum 
and  with  highly  superheated  steam  in  the 
casing  (about  300  deg.  superheat)  this  loss 
amounted  to  28  h.p.  In  actual  operation  one 
of  the  reversing  wheels  runs  in  contact  with 
steam  which  is  kept  in  motion  by  the  ahead 
turbine  and  which  carries  about  12  to  15  per 
cent  moisture.  This  condition  greatly  in- 
creases the  rotation  loss  and  a  conservative 
estimate  of  the  rotation  loss  of  the  reversing 
wheels  during  actual  operation  would  be  44 
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h.p.  or  1.76  per  cent.  If  for  any  reason  the 
vacuum  should  be  impaired,  the  loss  increases 
practically  as  the  absolute  back  pressure. 

Heat  Variation  While  Reversing 

In  the  act  of  reversal,  work  is  done  upon  the 
steam  before  it  can  begin  to  do  work,  and 
this  work  all  goes  into  superheat.  The  work 
comes  from  the  motion  against  the  force  of 
the  steam,  this  motion  being  the  result  of 
the  momentum  of  the  parts  and  of  the  effect 
of  water  to  keep  the  propeller  going  in  its 
original  direction.  That  this  superheating, 
under  some  conditions,  reaches  a  very  high 
temperature  is  now  well  known. 

If  for  any  reason  backing  is  done  for  any 
length  of  time,  these  same  heat  variations 
occur  in  the  main  forward  turbine  when  an 
order  for  "ahead"  is  received. 

Transmission  Efficiency  of  Gears 

The  efficiency  of  conservatively  designed 
double-reduction  gearing  is  about  94}^  per 
cent,  and  the  loss  incident  to  the  reversing 
turbine  is  about  1.76  per  cent,  making  a  total 
loss  of  7.26  per  cent.  Besides,  there  is  a  loss 
in  efficiency  of  the  turbine  itself  due  to  the 
necessity  of  larger  clearances  and  the  fact 
that  the  reversing  elements  make  the  turbine 
longer,  which  means  larger  shaft  and  greater 
leakage  loss  between  diaphragms,  as  well  as 
increased  packing  and  bearing  losses.  To 
this  should  be  added  the  power  taken  by  the 
various  oil  pumps  required  for  the  lubricating 
system. 

If  the  turbine  for  any  reason  is  split  up  into 
two  casings  (high  and  low-pressure),  there 
are  additional  packing  losses  as  well  as  loss 
during  transfer  of  steam  from  one  turbine 
to  the  other.  This  latter  loss  is  large  and 
may   amount  to  2  or  3  per  cent. 

Life  of  Gears 

During  the  war  several  hundred  geared 
turbine  ships  were  built.  Some  were  of  the 
single-reduction  type  but  the  majority,  in 
order  to  use  a  turbine  of  better  efficiency, 
were  equipped  with  double  reduction  gearing. 

A  few  of  these  gears  have  given  excellent 
results,  particularly  those  employed  on  war 
ships  where  maximum  power  is  used  only  on 
rare  occasions.  In  the  merchant  marine  there 
are  also  quite  a  number  of  geared  turbine 
ships  giving  successful  operation.  There  has, 
however,  been  a  great  number  of  very  serious 
gear  failures.  In  many  cases  similar  equipment 
in  similar  ships  would  give  entirely  different 
results  in  regard  to  the  life  of  the  gears. 


With  the  experience  and  knowledge  now 
acquired  there  is  no  doubt  that  some  of  the 
early  gears  were  entirely  too  small  to  stand 
the  great  fluctuating  load  which  takes  place 
due  to  the  variations  of  propeller  torque  in 
heavy  seaway,  as  well  as  the  excessive  load 
on  the  gears  caused  by  any  misalignment  due 
to  distortion  of  the  hull  in  heavy  seaway. 

Variation  of  Propeller  Torque 

A  torsion  spring  coupling  was  applied  to  the 
Jebsen  when  running  in  ballast.  The  average 
horse  power  was  2000  and  the  propeller  speed 
78  r.p.m.  In  a  moderate  sea,  with  the  ship 
pitching  only  four  degrees,  the  load  varied 
every  seven  seconds  from  0  to  3500  h.p.  This 
variation  of  horse  power  no  doubt  is  caused 
by  the  high  flywheel  effect  of  the  rotating 
parts  of  the  turbine  and  gears,  which  pre- 
vents the  slowing  down  or  speeding  up 
of  the  propeller  to  follow  the  large  load 
variation  on  the  propeller  while  in  heavy 
seaway. 

Knowing  the  inertia  of  the  turbine  and  the 
gears,  a  load  variation  such  as  shown  in  Fig. 
2  would  indicate  that  the  propeller  speed 
varied  from  74  to  82  r.p.m.  with  a  mean  of 
78  r.p.m.  every  seven  seconds. 

Distortion 

On  a  2500-h.p.  gear  casing  which  measures 
about  10  by  11  ft.,  a  light  thrust  beam  re- 
cently was  pivoted  and  multiplying  devices 
arranged  by  which  any  movement  of  the 
corner  of  the  gear  casing  with  relation  to  the 
ends  of  the  arm  could  be  noted.  Readings 
were  taken  under  different  conditions  of  sea 
and  wind.  Under  one  condition  of  heavy 
quartering  sea,  the  starboard  after  corner  of 
the  gear  casing  had  an  apparent  movement 
of  which  the  amplitude  of  relative  motion 
showed  5/100  of  an  inch.  At  times  the  rela- 
tive.' motion  was  somewhat  of  a  vibratory 
character,  being  affected  by  the  tremors  of 
the  ship. 

While  these  relative  movements  may,  in 
part,  have  been  caused  by  the  springing 
effect  of  the  gear  cover  which  supported  the 
arm,  nevertheless  the  movement  must  have 
affected  the  alignment  and  load  distribution 
of  the  gears  and  may  account  for  the  large 
excess  pressures  which  seem  to  be  indicated 
by  the  performances  of  many  ship  gears. 

ELECTRIC    DRIVE 

Electric  transmission  affords  a  simple  and 
practical  means  of  speed  reduction  in  almost 
any  ratio  which  may  be  desired. 
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Reversal 

It   affords   means   of    reversal    by    simple 
change    of    electrical    connections    without 
ing  the  direction  of  rotation  of  the  tur- 
bine. 

Reversing  Torque 

Any  desired  reversing  torque  up  to  the  full 

ined  without 

of  the  equipment   in 

a  ard  duvet  ii  .ii 

Power  Measurement 

Electric  drive  makes  possible  the  obtaining 
of  accurate  data,  either  by  instantaneous 
reading  or  by  recording  instruments,  of  the 
load  on  the  propeller  shaft  under  various  con- 


High  Steam  Pressure  and  Superheat 

With  electric  drive,  full  advantage  can  be 
taken  of  the  increased  economy  afforded  by 
high  steam  pressure  and  superheat  since  the 
turbine  itself  is  never  reversed. 
Design  of  Turbine 

The  turbine  for  electric  transmission  can 
lie  built  for  better  efficiency.  Since  no  re- 
versing wheels  are  required,  the  turbine  be- 
comes shorter,  which  gives  a  smaller  shaft, 
less  packing  leakage  and  less  weight  which 
reduces  bearing  loss.  Smaller  clearances  can 
be  used.  The  turbine  is  built  in  one  casing. 
Thus  the  packing  and  other  losses  incident 
to  splitting  the  turbine  up  into  tw-o  or  more- 
casings  are  avoided. 


Fig.  2.      Record  from  Torsion  Spring  Coupling  on  Jebsen  in  Ballast  in  a  Moderately  Rough  Sea.      Part  of  the  smalle 
fluctuations  resulted  from  an  untrue  collar  in  the  instrument  ;  otherwise  the  record  i 

ditions  of  sea  and  wind.  It  also  gives  means 
by  which  the  total  horse-power  hours  can  be 
recorded  during  any  given  time  or  cruise.  By 
comparing  these  data  with  the  fuel  consump- 
tion, a  direct  check  can  be  obtained  as  to 
my. 

Jnterchangeability 

Electric  drive  makes  possible  the  use  of  a 
plurality  of  generating  units  so  that  damage 
to  one  or  more  parts  will  not  disable  the 
vessel. 

Economy  at  Reduced  Speed 

In   many   of    the    fa  i    vessels   it 

may  he  desirable  to  run  at  lower  speed  during 

ar      With  eL 

o   or   more   generating  units 

are  used,   one  or  more  of   these  can  be  shut 

with  all  its  auxiliaries  and  an  economy 

can   hi'   obtained    al    reduced    speed    almost 

equal  to  that  at  maximum  spi 


Location  of  Apparatus 

Electric  drive  in  many  cases  may  afford 
another  important  advantage;  namely,  that 
the  generating  unit,  or  units,  can  be  located 
in  any  convenient  place  near  the  boilers,  with 
their  condensers  mounted  directly  under  the 
turbine,  thus  reducing  the  steam  and  exhaust 
piping  to  a  minimum  and  diminishing  the 
chances  of  air  leaks  so  detrimental  to  good 
vacuum  conditions.  The  propelling  motors 
can  be  placed  near  the  propellers,  thus  elim- 
inating long,  expensive  shafting,  and  the  in- 
cident bearing  losses  and  shaft  alleys,  thus 
saving  hold  space  and  making  cargo  handling 
very  much  more  convenient. 
Auxiliaries 

With  electric  drive,  a  great  many  of  the 
main  auxiliaries  can  advantageously  be  elec- 
trically driven  and  this  affords  a  large  saving 
in  fuel.  In  case  of  any  trouble  with  anv  of 
the  main  propelling  machinery,   or  con. lens- 
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ing  equipment,  arrangements  can  very  easily 
be  made  by  which  the  ship  can  be  propelled 
at  reduced  speed  from  the  auxiliary  power 
circuit.  This  feature  should  be  valuable  for 
single-screw  vessels. 

Reliability 

The  simplicity  and  reliability  of  the  electric 
generator  and  motor  are  too  well  known  to 
need  further  comment.  It  is  doubtful  if 
anything  so  reliable  has  ever  before  been 
used  to  drive  a  ship.  The  Navy  Department, 
after  most  careful  comparative  study,  has 
adopted  electric  propulsion  for  all  of  our 
large  naval  vessels.  The  Shipping  Board  is, 
at  the  present  time,  replacing  twelve  3000- 
h.p.  geared  ship  equipments  with  electric 
drive.  The  first  ship,  the  Eclipse,  of  about 
11,900  tons,  has  successfully  finished  her  trial 
trip  and  is  now  on  her  way  to  the  East  Indies. 
On  her  trip  from  New  York  to  Gibraltar  she 
"eclipsed"  the  record  of  similar  ships  by  two 
days  (about  20  per  cent)  and  reported  every- 
thing  running   most   satisfactorily. 

Weight 

It  is  very  difficult  to  give  a  direct  compari- 
son of  weights  between  electric  drive  and 
geared  drive  as  all  depends  upon  the  type 
and  service  of  the  vessels.  For  destroyers, 
light  high-power  cruisers,  or  fast  pleasure 
yachts,  the  geared  turbine  is  very  much 
lighter.  In  high-speed  passenger  vessels,  the 
turbine  and  the  gears  themselves  may  be 
slightly  lighter  than  electric  drive  but,  when 
the  steam  and  exhaust  piping  and  oiling 
system  are  taken  into  account,  the  difference 
in  weight  is  so  very  slight  that  it  cannot  be 
of  any  consequence. 

The  weight  of  the  electric  propelling  equip- 
ment of  the  Collier  Jupiter  (7000  h.p.,  twin 
screw*)  is  1.56  tons;  the  weight  of  the  geared 
equipment  on  the  Neptune,  sister  ship,  is  150 
tons.  When  the  piping,  oiling  system,  etc., 
are  added  the  Jupiter  equipment  is  the  lighter. 

In  low-speed  freighters  of  about  2500  or 
3000  h.p.,  a  conservative  gear  design  of 
double-reduction  type  with  single-unit  tur- 
bine, as  built  by  the  General  Electric  Com- 
pany, weighs  (including  the  oiling  system) 
about  nine  tons  less  than  electric  drive.  If, 
however,  with  electric  drive  the  motors  are 
put  aft,  where  they  really  belong,  the  saving 
in  weight  of  shaft,  bearing  supports,  shaft 
alleys,  etc.,  makes  the  electric  drive  very  much 
lighter. 

As  compared  with  reciprocating  engines, 
electric  drive  weighs  only  about  40  per  cent. 


Cost 

While  electric  drive  may  in  itself  cost 
slightly  more  than  geared  turbine  drive,  the 
saving  incident  to  piping,  foundations,  shaft- 
ing, shaft  alleys,  oiling  system,  etc.,  makes  it 
in  many  cases  by  far  the  cheaper. 

Efficiency  of  Transmission  with  Electric  Drive 

The  propelling  equipment  of  the  Cuba 
(17-knot,  3000-s.h.p.,  100-r.p.m.  passenger 
boat)  had  a  most  complete  test  at  the  factory. 
The  motor  showed  an  efficiency  of  95.65  per 
cent,  including  excitation,  and  the  generator 
gave  an  efficiency  of  96.3  per  cent.  The  trans- 
mission loss  is  therefore  7.89  per  cent.  The 
cable  loss  is  about  0.04  per  cent.,  making 
a  total  loss  of  7.93  per  cent.  This  figure  com- 
pares with  gear  transmission  efficiency  of 
7.26  per  cent,  the  difference  being  only 
67/100  of  one  per  cent  in  favor  of  gearing. 
With  increasing  horse  power,  the  efficiency 
of  the  generators  and  motors  becomes  higher 
and,  in  machinery  designed  for  certain  high 
power  ships,  the  efficiency  reaches  94  per 
cent. 

Superheat 

The  introduction  of  high-speed  turbines 
driving  electric  generators,  with  high  degrees 
of  superheat,  has  enormously  reduced  the 
cost  of  power  for  all  purposes  on  shore.  In 
fact,  no  power  plant  could  today  afford  to 
run  without  superheat.  On  board  ships, 
improvement  in  economy  in  the  engine  and 
boiler  rooms  is  several  times  as  important  as 
in  power  stations,  for  ships  must  not  only  buy 
their  fuel  at  prices  prevailing  in  various  parts 
of  the  world,  but  must  carry  it  for  long  dis- 
tances, thus  displacing  useful  freight  carrying 
capacity.  While  the  use  of  high  degrees  of 
superheat  on  our  ships  has  made  little  head- 
way up  to  the  present  time,  the  introduction 
of  electric  drive  should  greatly  hasten  this 
great  advance  toward  fuel  economy. 

CONCLUSIONS 

In  merchant  ships  each  individual  case 
must  be  studied,  and  here  the  questions  of 
service,  economy,  reliability,  weight,  and 
cost  must  be  taken  into  consideration. 

For  fast  passenger  liners  electric  drive  has 
an  advantage.  The  transmission  efficiency 
can  be  made  practically  equal  to  that  of  a 
conservatively  proportioned  double-reduction 
gear.  It  has  also  the  advantage  that  the 
turbine  can  be  made  more  efficient. 

If  two  generating  units  are  used,  one  unit 
will  propel  the  vessel  at  about  three-quarters 
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speed  with  only  a  slight  sacrifice  in  economy. 
Noise,  so  objectionable  in  passenger  vessels, 
is  practically  eliminated  with  electric  drive. 

In  moderate  power  twin-screw  ships  of 
about  (5000  h.p..  electric  drive  has  a  decided 
advantage  in  economy,  weight,  and  price  if 
one  turbine-generator  unit  is  used  to  drive 
both  propellers.  In  case  this  unit,  or  any  of  its 
auxiliaries  should  become  disabled,  a  simple 
arrangement  can  easily  be  made  by  which 
the  ship  can  be  run  at  low  speed  from  the 
auxiliary  generating  unit  which  normally 
drives  the  electric  auxiliaries.  On  the  other 
hand,  if  two  generating  units  are  used,  the 
equipment  becomes  slightly  less  efficient,  the 
weight  and  cost  also  go  up  considerably,  and 
the  comparison  then  becomes  similar  to  that 
of  a  3000-h.p.  single-screw  freighter. 

For  low-speed  single-screw  freighters  of 
about  2500  to  3000  h.p.,  geared-turbine  drive 
is  somewhat  the  lighter.  The  actual  trans- 
mission efficiency  of  the  gears  is  also  better. 
However,  when  the  losses  of  the  reversing 
turbine,  the  power  taken  by  the  oiling 
system,  the  packing  losses,  as  well  as  the 
leakage  of  steam  due  to  larger  clearances 
are  taken  into  consideration,  the  transmission 
efficiency  is  practically  equal  or  if  anything 
in  favor  of  electric  drive.  Also,  if  the  motor  is 
located  aft,  doing  away  with  long  shafting 
and  its  expensive  bearings,  supports,  and 
shaft  alleys,  the  electric  drive  is  the  lighter, 
cheaper  and  more  economical,  as  well  as  the 


more  reliable.  With  the  main  auxiliaries 
driven  electrically,  the  ship  can  by  a  very 
simple  arrangement  be  run  to  port  by  power 
supplied  from  the  auxiliary  generators  should 
the  main  propelling  machinery  or  its  auxili- 
aries become  disabled. 

In  freighters  of  1500  h.p.  or  less,  geared 
turbines  are  lighter  and  cheaper  than  electric 
drive.  As  the  power  is  small,  a  gear  can  be 
designed  which  is  less  affected  by  sudden 
load  variation  or  misalignment  caused  by 
springing  of  the  hull. 

Up  to  October  1,  1920.  General  Electric 
marine  geared  equipments  have  been  installed 
in  291  merchant  ships,  and  these  vessels  have 
steamed  a  total  of  10,780,000  ship-miles. 

The  electric  propelling  equipments  which 
have  been  built  by  the  General  Electric 
Company,  together  with  those  now  under 
construction  in  its  factories,  are  as  follows: 


For  the  Navy  H.P.  H.P. 

1  collier 7,160;  total       7,160 

4  battleships each    32,000;  total  128,000 

2  battleships each    60,000;  total  120,000 

4  battle  cruisers each  180,0011;  total  720,000 

Total 975,160 

For  the  Merchant  Marine  H.P.  H.P. 

12  freighters 3,000;  total  36,000 

4  coast  guard  cutters 2,600;  total  10,400 

1  fruit  steamer 3,000;  total  3,000 

1  express  passenger  vessel         3,000;  total  3,000 

Total 52,400 
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Merchant  Ship  Propulsion  Gears 

By  A.  A.  Ross 
Gear   Division,  Turbine  Engineering   Department 


The  use  of  gears  to  transmit  power  and 
regulate  the  speed  between  the  driver  and 
driven  elements  has  been  in  vogue  for  years, 
but  unfortunately  to  most  mechanics  in  the 
past  a  gear  was  a  ;'ear  and  nothing  more, 
sometimes  barely  that  In  recent  years,  how- 
ever, there  has  been  a  remarkable  advance- 
ment in  the  development  of  the  gear  art;  and 
if  a  person  will  but  pause  for  a  moment  to 
examine  the  many  different  types  of  machines 
with  which  he  comes  in  contact  during  his 
every  day  walks  of  life,  he  will  find  that  the 
majority  are  dependent  upon  a  gear  train, 
either  single,  double,  or  triple  reduction  for 
the  successful  control  and  operation  of  their 
most  vital  parts.  Now  if  we  were  to  delve 
into  the  records  of  each  of  these  successful 
gear  applications,  be  it  automotive,  indus- 
trial, or  railway,  we  would  find  the  early 
pages  filled  with  discouraging  failures,  but 
on  the  final  page  we  would  note  that  the 
designing  engineer  had  printed  the  word 
"Success"  with  the  following  inscription — 
"From  Actual  Service  Observations.  " 

The  application  of  gears  to  the  propul- 
sion of  merchant  ships  in  this  country  has 
been  no  exception  to  the  rule.  Records 
show  failures  so  serious  that  many  engi- 
neers recommended  the  substitution  of 
combustion  engine  drive,  while  others  turned 
back  to  reciprocating  steam  engines.  Five 
years  of  service  experience  has  culminated 
in  the  development  of  a  thoroughly  satis- 
factory double  reduction  gear  for  ship  pro- 
pulsion. This  article  constitutes  a  sum- 
mary of  the  various  features  in  the  design  and 
construction  of  this  type  of  gear  which 
service  experience  has  shown  to  be  necessary 
to  insure  economy  and  long  life. 


These  features  are  embodied  in  the  1920 
two-plane  double  reduction  gear  as  shown 
in  Fig.  4  and  briefly  outlined  in  the  following 
description. 


Fig.    1.      Hijh- speed  G 


DOUBLE  REDUCTION   GEARS 

Double  reduction  gears  for  merchant  ship 
propulsion  are  now  quite  generally  recognized 
as  being  the  most  suitable  intermediate 
between  the  turbine  and  propeller  for  10  to 
12-knot  cargo  boats  and  tankers  of  approx- 
imately 8,000  to  10,000  deadweight  tons  and 
requiring  2500  to  3000  s.h.p.,  3300  to  90  r.p.m. 
Those  manufactured  by  the  General  Elec- 
tric Company  have  been  built  in  two  types; 
viz :  the  one-plane  type,  in  which  the  turbine 
shaft  and  the  propeller  shaft  lie  in  the  same 
plane,  and  the  two-plane  type,  in  which  the 


Fig.  2.      High-speed  Pii 


132     February,  L921 


GENERAL  ELECTRIC  REVIEW 


Vol    XXIV,  No.  -' 


11 


Fig.  3.     1914  Design  Two-plane  Type  Double  Reduction  Marine  Ge 


turbine  shaft  lies  in  a  plane  above  that  of  the 
Her  shaft. 
The  first  sets  built  were  of  the  two-plane 
type.  One  set  was  installed  in  1915,  two 
more  in  1916,  and  three  in  1917,  and  had  the 
I  jeneral  Electric  Company  held  to  this  design 
and    ii  d   in  it    the   features   which 

actual  service  experience  found  necessary, 
success  would  have  been  attained  earlier;  but 
in  L916  when  the  war  brought  on  the  demand 
for  ships  and  machinery  to  propel  them,  the 
one-plane  type,  a  more  simplified  d< 
which  would  better  meet  rapid  production 
requirements,  was  developed,  becausewhen  the 
United  States  entered  the  great  war  it  was 
recognized  that  the  effectiveness  of  our 
armies  would  depend  on  how  rapidly  we 
could  build  and  equip  merchant  ships.  Hulls 
could  be  built  faster  than  propulsion  machin- 
ery. Although  orders  had  been  placed  for  a 
large  number  of  ships  requiring  double-reduc- 
tion marine  geared  turbines,  the  only  ones  in 
actual  service  at  that  time  were  some  four- 
teen sets  built  by  the  General  Electric  Co. 
These  were  equally  divided  between  the  one 
and  the  two-plane  types  and  both  types  up 
to  that  time  were  operating  satisfactorily: 
but  as  production  was  the  paramount  feature 
the  one-plane  type  became  the  war  emergency 
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unit,  and  as  such  did  reasonably  well  con- 
sidering rush  production  and  war  time  mate- 
rials and  labor.  On  the  other  hand,  the  large 
number  rushed  into  service  gave  in  two  years 
the  operating  experience  which,  under  ordi- 
nary circumstances,  it  would  have  taken  ten 
years  to  obtain. 

With  the  completion  of  war  rush  orders  the 
two-plane  type  was  adopted  as  best  suited  to 
meet     the     operator's     requirements 
under  the  post-war  conditions  for  the 
following  reasons: 

First:     Each    high    and    low-speed 
gear  train  must  be  aligned  on  board 
ship  so  as  to  obtain  and  maintain  the 
proper  tooth  contact.    This  is  difficult 
where  both  high  and  low-speed  ele- 
ments are  enclosed  in  the  same  hous- 
ing as  in  the  one-plane  type.     In  the 
two-plane  type,  each  element  is  enclosed  in 
a  separate  casing,  permitting  of  a  more  rigid 
casing  which  is  easier  to  align  and  in  which 
proper  tooth  contact  is  maintained. 

Second:  Tests  on  board  ship  under  various 
weather  conditions  showed  high  momentary 
overloads,  averaging  50  per  cent  overload  for 
3J^  seconds  duration.  Hence,  it  was  found 
necessary  to  reduce  the  tooth  loads  per  inch 
of  face  from  approximately  500  and  1100  lb. 
on  the  high  and  low-speed  elements  of  the 
original  equipments  to  approximately  300  and 
600  lb.  This  reduction  can  be  accomplished 
by  increasing  the  gear  faces,  or  by  increasing 
their  diameters  or  by  both.  An  increase  in  the 
already  rather  wide  gear  faces  of  the  one- 
plane  type  not  only  results  in  manufacturing 
and  tooth  contact  difficulties  but  will 
require  the  installation  of  the  objectionable 
middle  bearing  in  the  low-speed  pinions  to 
overcome  bending.  On  the  other  hand,  it  will 
be  noted  by  referring  to  Fig.  3  that  the  centers 
of  the  low-speed  pinions  and  high-speed  gears 
are  diametrically  opposite  and  on  the  horizon- 
tal plane  of  the  center  of  the  low-speed  gear. 
Hence,  an  increase  in  the  diameter  of  the  low- 


speed  gears  will  also  necessitate  an  increase 
in  the  high-speed  gears,  an  increase  in  the 
gear  centers  and  an  increase  of  the  athwart- 
ship  dimensions  of  the  casing.  This  is  a  step 
in  the  wrong  direction,  for  the  high-speed 
clement  should  be  as  small  as  possible  and  the 
athwartship  dimensions  of  the  frame  should 
be  kept  within  reasonable  limits,  because  a 
wide  casing  is  more  susceptible  to  the  weaving 
of  the  ship  which  has  a  detrimental  effect  on 
the  teeth  in  contact. 

In  the  two-plane  type,  Fig.  4,  the  low-speed 
pinions  mesh  into  the  low-speed  gear  near  its 
top.  Therefore  the  diameter  of  the  low-speed 
gears  can  be  increased  without  increasing  the 


Fig    6.      Low-speed  P 
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diameters  of  the  high  That  is. 

the  tooth  load  reduction  is  obtained  by  a 
combination  free  from  the  objections  above 
mentioned. 

Third:  Vibrograph  records  taken  on  board 
ship  at  sea  showed  very  heavy  vertical  vibra- 
tions in  the  propeller  shaft;  and.  with  the 
peed  gear  shaft  coupled  rigidly  to  it.  the 
vibrations  are  transmitted  to  the  low-speed 
gear.  'While  there  is  no  direel  evidence  that 
these  vibrations  are  the  cause  of  distress 
between  the  low  and  pinion  teeth, 

many  low-speed  pinions  in  service  show 
evidence  of  peening  action.  By  comparing 
Figs.  :»  and  4,  it  will  be  appreciated  that  if 


High  and  Low-speed  Pinions 

Each  high  and  low-speed  pinion  is  made  of 
high-carbon  heat-treated  forged  steel,  and  as 
will  be  noted  in  Figs.  2  and  (>,  is  made  in  the 
form  of  a  quill  which  offers  the  best  possible 
section  for  uniform  heat  treatment.  Each  pin- 
ion is  supported  by  two  babbitt-lined  bearings. 

Arrangement 

Referring  again  to  Fig.  1,  it  will  be  noted 
that  the  turbine  shaft  is  connected  to  the 
flexible  high-speed  shaft  by  a  pin  coupling, 
Fig.  S.  This  flexible  shaft  extends  through 
the  bore  of  the  high-speed  pinion  and  is  con- 
nected to  it  on  its  aft  end  by  a  solid  coupling 


Fig.  7.      Two-plane  Type  Ma 


ed  Turbine— Stai  board    or   Ope 


these  vibrations  have  any  effect  on  the  teeth 
in  contact,  they  will  be  much  more  disastrous 
in  the  one-plane  type  where  the  blows  are 
direct:  whereas  in  the  two-plane  type,  with 
the  pinions  on  top  of  the  gear,  the  blows  are 
in  a  glancing  or  sliding  direction. 

High  and  Low-speed  Gears 

The  gears  in  both  high  and  low-speed  ele- 
ments are  of  the  solid  herringbone  type.  Each 
gear  consists  of  a  cast  iron  hub.  which  carries 
two  high-carbon  heat-treated  forged  steel 
tires  shrunk  on  its  periphery  to  form  the 
helices  of  the  gear.  Each  gear  is  pressed  and 
keyed  on  its  shaft  which  is  supported  by  two 
babbitt-lined  bearings. 


The  driving  high-speed  pinion  meshes  into 
the  teeth  of  the  two  high-speed  gears  on 
opposite  sides  of  its  horizontal  diameter.  The 
aft  end  of  each  high-speed  gear  shaft  has  a 
forged-on  flanged  half  coupling,  which  bolts 
to  a  similar  coupling  on  the  low-speed  flexible 
drive  shaft.  These  shafts  in  turn  extend 
aft  through  the  low-speed  quill  pinions  and 
are  connected  to  them  bv  pin  couplings, 
Fig.  9. 

It  will  be  noted,  therefore,  that  this  is  a 
very  compact  flexible  arrangement  and  per- 
mits fore  and  aft  movement  of  the  low-speed 
pinions  relative  to  the  low-speed  gear  without 
interfering  with  the  fore  and  aft  movement 
of  the  high-speed  train,   or  vice'  versa    the 
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high-speed  train  can  move  fore  and  aft  with- 
out interfering  with  the  low-speed  train. 

The  low-speed  gear  shaft  is  coupled  rigidly 
to  the  propeller  shaft.  Hence  the  low-speed 
gear  is  limited  in  its  fore  and  aft  movement 
by  the  ship's  thrust.  Therefore  the  pin  cou- 
plings with  floating  bushings  will  permit  the 
low-speed  pinions  to  trail  the  low-speed  gear. 
On  the  forward  end  of  the  starboard  high- 
speed gear  shaft  is  a  button  type  end-thrust 
bearing  which  limits  the  fore  and  aft  move- 
ment of  this  gear.  The  floating  bushings  of 
the  high-speed  pin  coupling  will  permit  the 
high-speed  pinion  and  port  high-speed  gear 
to  trail  with  the  starboard  high-speed  gear. 

High-speed  Gear  Casing 

The  high-speed  gear  casing  is  of  rigid  design, 
divided  horizontally  at  the  center  of  the  bear- 
ings into  two  main  parts  and  made  of  high 
grade  cast  iron  (Fig.  7). 

ow-speed  Gear  Casing 

The  low-speed  gear  casing  is  split  on  two 
horizontal  planes,  one  through  the  center  of 
the  low-speed  gear  bearings,  the  other  through 
the  center  of  the  low-speed  pinion  bearings, 
thereby  dividing  the  casing  into  three  sec- 
tions. The  complete  casing  is  made  of  high 
grade  cast  iron,   heavily   flanged,  and   when 


inlet  header  lubrication  systems.  The  lub- 
ricant is  delivered  from  the  ship's  main  lubri- 
cation system  to  cast  pipe  connections  on  both 
the  starboard  and  port  sides  which  lead  to 
the  cast-in  supply  pipes  directly  under  the 
bearings  of  each  element   extending  athwart- 


Fig.  9.      Assembled  Low-speed  Pin  Coupling 

ships  through  the  casings.  This  arrangement 
insures  a  perfectly  balanced  system. 

The  gears  and  pinions  are  lubricated  by  a 
series  of  specially  designed  spoon  nozzles 
which  discharge  a  sheet  of  oil  directly  into 
the  mesh.  Each  spoon  nozzle  is  provided 
with  a  sight  flow  indicator  which  insures  the 
maximum  possible  protection  against  stop- 
page of  oil  to  the  gears. 

Carefully  calibrated  oil  gauges  are  located 
in  the  oil  line  to  the  bearings  to  insure  that 
proper  oil  pressure  is  maintained. 

The  oil  for  the  lubrication  of  the  pins  and 
bushings  of  the  pin  couplings  is  supplied 
through  individual  internal  passages. 


Fig.  8.      Assembled  HiEh    ?c;d  Pin  Coupling 

bolted  together  forms  an  extremely  rigid  com- 
pact element  (Fig.  7). 

Lubrication 

The  high  and  low-speed  gears  and  bearings 
are  supplied  with  oil  from  separate  double- 


The  high-speed  element  is  provided  with 
4-pitch  helical  angle  teeth  (Fig.  10) ;  and  the 
low-speed  element  with  2J2-pitch  helical 
angle  teeth  (Fig.  11). 

Data  obtained  from  exhaustive  factory 
tests  and  observations  of  actual  service  con- 
ditions to  determine  the  relative  values  of 
different  tooth  shapes  for  carrying  load  prove 
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tin-  superiority  of  the  type  of  teeth  adopted 
bhe    1920   d<    ign    o1    double    reduction 
gears. 

Those  who  an  amiliar  with  the 

herringbone  geai  or  helical  type  tooth  as  with 

iur  rear,  which  is  the  common  type  oi 

tooth  mel   with  in   every-day   practice,   will 

■  hy  the  herringbone   gear  is 

used  in  ship  propulsion. 

The  high- <!  "i   the  turbine  results  in  a 

eli  icil  j  Tins  requires 
a  type  "i  tooth  which  will  insure  that  the 
driving  pinion  will  transmit  its  torque  to  its 
companion  driven  gear  in  a  smooth  contin- 
ui iic  angular  motion. 


results  in  vibration  and  noise  at  high  speed; 
w  hereas  on  the  helical  type  tooth,  this  change 
in  angular  velocity  is  prevented  by  the  con- 
tinuous contact  at  the  pitch  line. 

The  writer,  however,  is  not  entirely  in 
accord  with  this  theory  and  believes  that 
future  developments  will  prove  that  spur 
with  teeth  correctly  proportioned  for 
the  ratio  and  accurately  cut  can  be  operated 
satisfactorily  at  pitch  line  velocities  hereto- 
fore believed  impossible,  and  also  that  on 
the  low-speed  element  of  double  reduction 
ship  propulsion  gears,  where  the  pitch  line 
velocity  is  not  excessive,  the  long-life  low- 
peed  gear  of  the  future  will  be  of   the  spur 


Fig.  10.      High-speed  4-pitch,  35-degree 
Helical  Angle  Teeth 


Low-speed  2K>-pitch,  35-degn 
Helical  Angle  Teeth 


The  helical  type  tooth  in  the  herringbone 
gear,  as  will  be  noted  in  Figs.  5  and  6,  spiral 
the  circumferences  of  the  gear  and  pinion. 
Hence,  there  are  always  one  or  more  points 
in  contact  at  the  pitch  line  within  the  arc  of 
action.  In  the  spur-tooth  gear,  contact  at  the 
Mich  line  takes  place  only  once  as  each  tooth 
passes  through  the  arc  of  action,  and  it  is 
claimed  by  authorities  on  the  subject  that  the 
transfer  of  the  load  on  the  spur  tooth,  begin- 
ning below  the  pitch  line  as  the  driving  tooth 
engages  its  driven  companion  and  traveling 
to  'lie  top  of  the  tooth  as  they  disengage, 
a  change  in  the  angular  velocity  which 


type,   hardened  and  ground  after   the  teeth 
have  been  cut. 

Bearings 

The  bearings  are  of  the  cylindrical  type 
having  cast  iron  shells  lined  with  the  best 
quality  of  babbitt  securely  anchored  by  dove- 
tailed circumferential  and  axial  grooves. 

Inspection  Facilities 

In  order  to  facilitate  inspections,  hinged 
covers  are  provided  over  the  pinions,  gears, 
pin  couplings,  and  oil  nozzles  on  both  the 
high  and  low-speed  elements. 
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Alternating-current  Generators  for  Ship  Propulsion 

By  E.  H.  Freiburghouse 
Alternating-current  Turbine-generator  Engineering  Department,  General  Electric  Company 


The  mechanical  and  electrical  designs  of 
the  steam  turbine  driven  alternators  installed 
on  the  Collier  Jupiter  and  the  U.  S.  battleship 
New  Mexico  have  proved  reliable  and  success- 
ful during  several  years  of  service.  The  design 
and  operating  characteristics  of  these  gener- 
ators have  been  previously  described.* 

Fig.  1  is  the  photograph  of  a  partially  assem- 
bled three-phase  alternating-current  generator 
of  the  type  now  being  built  for  cargo  boats, 
which  will  supply  power  to  motors  of  either  the 
induction  or  synchronous  types.    Still  another 


It  was  a  comparatively  simple  matter  to 
adapt  to  marine  service  the  alternator  devel- 
oped for  central  power  stations. 

The  ventilation  of  the  generators  on  the 
Jupiter  and  the  New  Mexico,  also  of  the 
smaller  alternators  now  being  installed  upon 
cargo  boats,  has  been  obtained  in  much  the 
same  manner  as  for  land  sets. 

As  the  alternator  is  the  only  source  of  elec- 
trical power  for  bringing  the  boat  to  port,  it 
is  natural  that  far  greater  importance  should 
be  attached  to  its  reliability  for  continuitv 


nbly  of  Three-phase  Alternating.* 
■  for  Electric  Propulsion  of  Cargo  Boa 


Fig.  2.    Assembly  of  Armature  Structure  Showing  Open  Slot 
Laminations  which  Permit  of  the  Use  of  Form-wound  Coils 


and  ater  design,  in  which  the  generator  end 
bearing  is  carried  by  the  end  shield,  is  shown  in 
the  sectionalized  view  of  Fig.  3.  The  Eclipse, 
a  12,000-ton  cargo  boat  just  recently  put  into 
service,  is  furnished  with  one  turbine  alterna- 
tor wound  three-phase,  having  two  poles,  and 
normally  rated  to  generate  2300  volts,  3380 
kv-a.  at  0.7  p-f.,  and  .'3000  r.p.m.  As  the 
power-factor  indicates,  this  boat  is  driven  by 
an  induction  motor.  At  present,  the  3000-ton 
coast  steamship  Cuba  is  the  only  ship  yet  in 
service  driven  by  a  synchronous  motor.  In 
this  boat,  one  two-pole  alternator  having  a 
normal  rating  of  2350  kw.,  1.0  p-f.,  3000 
r.p.m.,  1150  volts,  supplies  the  power. 

•"Electrical    Equipment    for    the    U.   S.    Collier   Jupiter,"  by 
Eskil  Berg.  General  Electric  Review.  Aug..  1912. 

"The  New  Mexico's  Generator,"  by  C    S.    Raymond,   Gen- 
eral Electric  Review,  April.  1919. 


of  service  than  to  any  other  feature.  This 
is  especially  true  if  the  boat  has  but  one  gen- 
erator. Reliability  of  a  low-potential  alterna- 
tor as  to  continuity  of  service  depends  upon 
freedom  from  mechanical  distortion  of  its 
coils  and  consequently  of  the  insulation. 
In  service,  instantaneous  short  circuits  of 
the  armature  ara  accidental  and  very  infre- 
quent. Although  the  mechanical  stresses 
between  phase  belts  are  proportional  to 
the  square  of  the  short-circuit  armature 
currents,  and  approximately  one  hun- 
dred times  normal,  nevertheless  numer- 
ous single  and  three-phase  instantaneous 
short-circuit  tests  recently  made  in  the 
factory  upon  one  of  the  cargo  boat  type 
alternators  caused  no  distortion  of  the  arma- 
ture winding. 
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Fig/3.     Sectional  View  of  Alternating-current  Generator  in  which 
End   Bearing  is  Carried   by  End  Shield 


Stator  Winding 

The  armature  punchings  as  seen  in 
Fig.  2  have  open  slots  which  permit 
the  use  of  form  wound  coils  or  bars 
which  are  insulated  before  assembly 
in  the  core.  The  stator  coils  are  made 
up  of  one  or  more  turns,  each  turn 
consisting  of  many  rectangular  copper 
strips  in  multiple,  insulated  from  each 
other  throughout  the  coil  for  the  pre- 
vention of  loss  by  eddy  currents.  The 
armature  coils  or  bars  are  insulated 
first  with  mica  tape,  impregnated 
after  application  by  a  vacuum  proc- 
ess with  moisture-proof  compound, 
then  with  layers  of  black  varnished 
cloth  of  highly  moisture-repellent 
characteristics.  The  surface  of  the 
coil  is  given  five  coats  of  moisture- 
proof  varnish,  each  coat  of  which  is- 
baked  until  dry.  A  tough  slot  armor 
of  horn  fibre  protects  the  insu- 
lation of  the  coil  from  mechanical 
injury  in  the  slot.  As  seen  in  Figs.  4 
and  5,  the  end  portions  of  the  arma- 
ature  winding  are  secured  to,  and 
insulated  from,  steel  binding  bands, 
which  prevent  distortion  of  the  coils- 
and  damage  to  their  insulation  during 
any  sudden  short  circuit. 

Protection  against  sustained  short, 
circuitsor  unbalanced  loads  is  obtained 
by  means  of  relay  equipment  which 
will  cause  the  contactors  of  the  arma  - 
ture  and  field  circuits  to  open. 


The  revolving  field.  Fig.  (i.  has  a. 
one-piece,  heat-treated,  solid-forged 
steel  shaft  which  serves  also  as  yoke 
and  core  of  the  field  portion  of  the- 
magnetic  circuit.  Radial  slots  are 
milled  in  the  body  portion  of  the- 
shaft  and  these  carry  the  distributed 
field  winding  of  several  coils  per  pole. 
During  the  past  ten  years  turbine 
alternators  have  been  built  by  the 
General  Electric  Co.  having  one-piece 
solid-forged  shafts,  not  one  of  which 
has  failed  or  shown  any  sign  of  failure- 
in  test  or  service  while  operating 
within  the  guaranteed  speed  limits. 

Rotor  Winding 

The  field  coils  are  formed  from 
copper  strips  wound  edgewise.  After 
insulation  of  the  turns  with  mica, 
tape    they    are    fed    into    the    slot. 
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turn  after  turn.  A  combination  armor  of 
tough  heat-resisting  insulation  protects  the 
complete  coil  from  the  slot.  The  coils  are 
held  in  the  slots  by  steel  and  non-magnetic 
alloy  wedges. 

Beyond  the  slots,  the  end  portions  of  the 
coils  are  insulated,  blocked,  and  held  in  place 
by  broad  nickel-steel  retaining  rings  which 
are  shrunk  onto  projecting  lugs  of  the  rotor 
body  and  over  the  centering  rings  at  each 
outer  end. 

As  a  result  of  the  high  rotary  speeds 
employed  and  the  unequal  expansion  of  cop- 
per and  steel  with  change  in  temperature, 
distortion  and  abrasion  of  insulation  over  the 
end  portions  of  the  field  coil  as  a  whole 
might  be  expected.  By  the  scheme  of  block- 
ing  employed   and   the   thorough   insulation 


tracted  for  central  power  stations  on  land,  it 
is  understood  that  the  maximum  continuous 
output  of  a  turbine-driven  alternator  corre- 
sponds to  that  of  certain  limiting  tempera- 
tures of  both  field  and  armature  windings. 
This  may  or  may  not  correspond  with  the 
maximum  electrical  power  output  at  which 
the  percentage  changes  of  armature  voltage 
and  current  are  equal;  nevertheless  it  may 
be  inferred  that  the  percentage  change  of 
voltage  should  not  be  greater  than  that  of 
current,  otherwise  the  generator  would  be 
unstable  at  its  rated  load. 

Referring  to  the  field  characteristics,  shown 
in  Fig.  7,  of  the  generator  and  motor  installed 
on  the  Cuba  it  is  seen  that  for  normal  field 
excitation  of  136  amperes  on  the  generator 
and  208  amperes  on  the  motor  an  increase  of 


Figs.  4  and  5.      End  Views  of  G.-nerator  of  Fig.  1,  Showing  Form-wound  Coils  Completely  Assembled. 
Note  the  method  of  supporting  end  windings  by  steel  binding  bands 


obtained  between  copper  and  supports,  rela- 
tively little  trouble  of  this  nature  has  oc- 
curred on  land  type  turbine  alternators.  The 
rotors  of  the  Jupiter  and  New  Mexico  have 
never  caused  any  trouble. 

Light,  broad,  metallic  saddles  are  now 
employed,  made  to  conform  with  all  the 
curvatures  of  the  end  portions  of  each  field 
coil.  When  blocked,  these  saddles  hold  in 
place  the  coil  insulation  about  the  coil  and 
assume  any  abrasion  which  may  be  caused 
by  the  relative  movement  of  the  coil  and  the 
retaining  ring. 

A  maximum  power  output  of  given  power- 
factor  is  obtained  from  any  alternator  at  con- 
stant speed  and  field  excitation  when  the  per- 
centage changes  of  armature  voltage  and 
current  are  equal  for  change  in  load.    As  con- 


close  to  one-third  torque  at  normal  speed  may 
occur  before  the  motor  will  drop  out  of  step. 
In  other  words,  this  alternator  and  motor  have 
been  so  designed  that  a  momentary  load  of 
one  and  one-third  times  normal  may  be  car- 
ried without  change  of  field  excitation.  If, 
however,  momentary  overloads  are  expected, 
as  in  a  rough  sea,  increased  excitation  may  be 
impressed  upon  the  alternator  when  driving 
induction  motors  or  upon  both  alternator  and 
synchronous  motor,  thereby  maintaininghigher 
armature  voltage  and  less  armature  current 
for  the  same  power  output.  Again  referring 
to  Fig.  7,  it  is  seen  that  if  a  field  excitation  of 
160  amperes  is  held  on  the  alternator  and  the 
proper  excitation  upon  the  synchronous 
motor  to  obtain  unity  power-factor  at  the 
normal   load   of  2350    kw.,    the  momentary 
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torque  maj  be  increased  approximately  70 
per  cenl  before  the  motor  will  drop  oul  of 
■  >i  |  be  alternator 
and  motor  by  increased  core  loss  and  excita- 
tion, also  the  limiting  temperature  of  the  field 
insulati  a  limit   upon  such  gain  in 

continuous  margin  of  power. 


^tt^ — dm 


Fig.  6.      Revolving  Field  for  the  Generator  cf  Fig.  1 
Temperature  Indicating  Devices 

It  has  been  shown  that  the  field  excitation 
which  may  be  given  momentarily  determines 

momentary  overloads;  however,  the 
maximum  continuous  load  which  may  be 
carried  on  an  alternator  without  undue  reduc- 
tion of  the  life  of  the  winding  is  based  upon 
the  maximum  temperature  attained  by  any 
pari  of  the  insulation.  As  is  customary  in 
land  practice,  standard  temperature  coils  arc 
d  in  the  armatures  of  alternators  for 
marine  service  between  the  top  and  bottom 
armature  liars  or  coils,  also  between  the  coils 
and  eoic  at  accessible  points  which  are  sub- 
jected to  the  highest  temperatures.    The  tem- 

iie  coil  indicating  instrument  used  in 
connection  with  these  coils  enables  the  opera- 
tor to  know  at  all  times  the  temperature  of 
the  armature  winding. 

Because  of  the  wide  variation  in  operating 
conditions,  especially  speed  and  excitation 
which  determine  the  heating  of  the  rotor 
winding,  it  is  necessary  to  know  the  field  tem- 

ire.  Temperature  coils  are  impractical 
in  the  rotor,  consequently,  a  special  temper- 
ature instrument*  is  employed.  The  cali- 
brated deflection  of  this  meter  is  based  upon 
the  change  in  resistance  of  the  given  field 
winding.  Knowing  the  field  temperature,  the 
operator  is  safely  guided  in  determining  the 
maximum  out]  nit . 

Fire  Extinguishing  and  Heating  Coils 

Bra  per    lulling    secured    to    the 

inner    end-shields    of    the    alternator    has    a 


number  of  holes  drilled  in  it  through  which 
steam  may  he  discharged  over  the  windings 
in  case  of  fir  ■  After  closing  a  damper  in  the 
outlet  air  duct,  steam  supplied  in  sufficient 
quantities  will  extinguish  a  lire  m  the  insula- 
tion almost  instantaneously  even  though  the 
lire  is  under  the  heavy  draft  utilized  for  the 
ventilation  of  turbine  alter- 
nators. Experimentally,  it 
has  been  definitely  shown 
that  the  closure  of  the  out- 
let air  damper  is  far  more 
effective  when  using  steam 
for  extinguishing  the  flames 
than  the  closure  of  a  damper 
in  an  inlet  air  duct. 

To    prevent    condensation 
of  moisture  upon   the  wind- 
ings   of    the    alternator    when    not    in    serv- 
ice,    heating     coils     are     provided     within 
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Fig.  7.      Characteristics  of  the  Generator  and  Synchr 
Motor  of  the  Steamship  Cuba 


instrument    is  given  in  A.  H. 


the  generator  end-shields.  With  these 
protective  devices  and  reasonable  care  in 
operation,  no  greater  difficulty  should 
be  experienced  than  with  an  alternator  on 
land. 


Synchronous  Motors  for  Ship  Propulsion 

By  E.  S.  Henningsen 
Alternating-current  Engineering  Department,  General  Elei  irk    Company 


Although  self-starting  synchronous  motors 
have  been  in  general  use  for  over  twenty-five 
years,  it  is  only  within  recent  years  that  they 
have  been  used  to  large  extent  in  practically 
all  lines  of  industry.  Originally  designed 
only  to  drive  motor-generator  sets  and  for 
similar  classes  of  service  requiring  very  little 
starting  torque,  they  have  gradually  been 
developed  to  the  point  where  they  are 
employed  very  generally  to  drive  com- 
pressors, pumps,  blowers,  tin  and  copper  rolls, 
flour,  rubber,  and  cement  mills,  and  for  many 
other  classes  of  service  requiring  high  starting 
and  pull-in  torque.  The  latest  application  of 
this  type  of  motor  is  for  ship  propulsion. 

Since  the  synchronous  motor  must  operate' 
first  as  an  induction  motor  during  the 
operation  of  starting  and  coming  up  to  speed. 


Fig.  I.      3000-h.p.  Synch 


Motor  of  the  Steamship  Cuba 


and  then  as  a  synchronous  motor  after  the 
application  of  excitation  to  the  field,  the 
design  must  be  a  combination  of  the  two 
types.  Some  of  the  factors  involved  in  the 
design  are  such  as  to  be  advantageous  to  one 
type  but  disadvantageous  to  the  other.    For 


example,  a  small  air  gap  is  desirable  in  an 
induction  motor,  but  means  low  breakout 
capacity  in  a  synchronous  machine;  deep 
pole  tips  are  required  to  give  space  for  a 
heavy  amortisseur  winding,  but  carried  to 
extremes  cause  high  field  leakage  and  an 
increase  in  excitation  as  a  synchronous 
machine,  etc.  It  is  possible,  however,  to 
compromise  these  various  factors  and  to 
obtain  a  motor  which  combines  high  efficiency 
and  breakout  capacity  with  very  good  torque 
characteristics. 

Motors  and  generators  designed  for  ship 
propulsion  differ  considerably  both  mechani- 
cally and  electrically  from  those  intended 
for  land  use.  In  shore  stations  the  voltage 
and  frequency  are  constant,  on  shipboard 
both  are  variable  since  speed  control  is 
obtained  by  changing  the  speed  of 
the  turbine.  Space,  weight,  and 
accessibility  for  repair  are  of  greater 
importance  in  marine  work;  and 
while  reliability  is  of  course  of 
prime  importance  in  land  practice, 
it  is  even  more  essential  on  ship- 
board where  a  failure  of  the 
apparatus  ma)-  mean  a  great  deal 
i  mi  ire     than     a    temporary     inter- 

ruption    of  service.       Ship    drive 
however  offers  the  advantage  that 
.-.__  motor  and  generator  may  be  de 

signed  as  a  unit  and  hence  obtain 
the  best  combined  characteristics. 
Also  the  fact  that  both  voltage  and 
frequency  may  be  varied  is  of  help 
in  obtaining  sufficient  torque  during 
reversal.  The  construction  of  syn- 
chronous motors  for  ship  propul- 
sion is  illustrated  in  Fig.  1  which 
shows  a  view  of  the  motor  installed 
on  the  S.S.  Cuba,  and  in  Fig.  2 
which  shows  a  section  drawing  of 
the  motors  being  built  for  four  new 
cutters  for  the  U.S.  Coast  Guard 
Service.  The  stator  consists  of  a 
one-piece  steel  frame  to  which  the 
dovetail  ribs  and  punchings  are 
secured  in  the  usual  manner.  The  bottom  half 
of  the  frame  is  cast  solid  but  the  upper  half  has 
holes  for  ventilating  purposes.  A  sheet-iron 
duct  secured  to  the  top  half  of  the  frame  leads 
to  an  external  blower  which  draws  air  through 
the  motor  and   discharges  it   either   to   the 
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fire  n  ii  ims  or  the  top  side.    The 

ungular   wire    and 
specially  in  ire  and  sail 

deposits.  The  coils  are  also  capable  of  with- 
standing higher  voltage  than  is  standard  for 
commercial  machii 


Fig.  2.      Sectional  View  of  Synchronous  Motor  for  Ft 
for  the  Coast  Guard  Service 

The  field  spider  is  made  of  cast  steel  and 
the  poles  are  of  the  usual  bolted  type.  Special 
provision  has  been  made  in  insulating  the 
field  coils  to  enlarge  the  creepage  distances 
and  minimize  danger  of  breakdown  to  ground. 
The  amortisseur  or  squirrel-cage  winding  is 
considerably  heavier  and  more  rugged  than 
is  ordinarily  used. 

Bearing  brackets  are  made  of  steel  and  are 
split  along  the  horizontal  center  line  to 
facilitate  removal.  The  lower  half  of  the 
bearing   housing   is   made    integral   with   the 

*  See  article  by  T.  W.  Gordon  in  this  issue. 


lower  bearing  bracket  while  the  upper  half  is 
removable.  Jacking  bolts  are  provided  for 
support  in.:  the  vol  or  when  removing  a  bearing. 
The  motor  illustrated  in  Fig.  1  has  the  main 
thrust  bearing*  installed  in  the  forward 
lower  bearing  bracket.  This  thrust  bearing 
as  well  as  the  horizontal  bearings 
are  lubricated  by  an  oil  pump 
driven  from  the  motor  shaft. 
The  pump  is  mounted  inside  of 
an  oil  tank  which  is  bolted  to 
the  under  side  of  the  thrust 
bearing  housing.  This  particular 
design  of  motor,  thrust  bearing, 
and  oil  system  as  a  unit  con- 
templated installing  the  motor 
in  a  separate  compartment  as 
far  aft  as  possible  and  hence 
doing  away  with  the  usual  long 
shaft  alley.  In  such  an  installa- 
tion a  gravity  feed  oil  system 
would  be  installed  that  could 
be  used  in  case  of  a  failure  of 
'^  the  direct  connected  oil  pump. 
With  such  low  speeds  as  are  em- 
ployed, very  little  lubricating 
oil  is  required  by  the  bearings 
and  a  comparatively  small 
gravity  tank  would  supply  oil 
until  repairs  could  be  made. 

Motors  designed  for  ship  pro- 
pulsion must  be  capable  of  oper- 
ating successfully  under  normal 
load  and  speed  conditions,  and 
also  of  quickly  reversing  the 
propeller  at  full  speed.  In 
normal  running,  the  equipment 
must  have  sufficient  breakout 
capacity  so  that  the  motor  will 
not  fall  out  of  step  due  to  the 
overloads  imposed  by  the  propel- 
ler in  rough  weather.  From  the 
Gutters  data  available  it  appears  that  the 

torque  required  at  times  is  of  the 
order  of  one  and  three-quarters 
normal.  The  breakout  capacity  is  a  function 
of  the  amount  of  field  excitation  on  both  the 
motor  and  the  generator.  Increasing  either 
field  or  both  increases  the  amount  of  load 
that  the  motor  can  carry  and  vice  versa. 
Hence,  sufficient  margin  in  excitation  must 
be  allowed  so  that  full  speed  can  be  main- 
tained under  all  conditions  of  sea  and  weather. 
Accurate  data  have  been  obtained  regarding 
the  torque  required  to  reverse  the  propellers 
of  certain  classes  of  ships  but  very  little 
is  available  regarding  standard  cargo  ships. 
Because   of   the   fact   that   the   svnehronous 
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motor  cannot  be  designed  to  give  quite  as 
much  starting  and  pull-in  torque  as  an 
induction  motor,  and  also  because  the 
generator,  being  designed  for  unity  power- 
factor,  is  small,  it  is  not  possible  to  obtain 
sufficient  reversing  torque  without  over- 
exciting  the  generator  field.  It  is  also  neces- 
sary when  reversing  at  full  speed  to  reduce 
the  generator  speed  until  the  motor  has  been 
synchronized,  after  which  motor  and  gener- 
ator are  brought  up  to  speed  together. 

Where  very  high  torque  is  required  to 
brake  the  propeller  down  to  zero  speed 
against  the  action  of  the  water  tending  to 
drive  it  as  a  turbine,  the  motor  may  be 
operated  as  a  short-circuited  generator  by 
reversing  the  phase  rotation  between  motor 


and  generator,  then  establishing  field  on  the 
motor  but  with  no  excitation  on  the  generator 
field.  It  is  possible  to  obtain  more  than  100 
per  cent  torque  at  70  per  cent  speed  and  over 
200  per  cent  maximum  torque  with  double 
the  normal  excitation  on  the  field  when  the 
motor  functions  as  a  short-circuited  generator. 
After  the  propeller  is  brought  to  rest  the 
motor  may  then  be  started  as  an  induction 
motor,  brought  up  to  speed,  and  synchronized. 
Tests  made  on  the  S.S.  Cuba,  which  is  the 
first  vessel  to  be  driven  by  a  synchronous 
motor,  showed  that  such  high  values  of 
reversing  torque  are  not  necessary  and  that 
the  propeller  could  be  reversed  on  the 
induction  motor  torque  characteristic  in 
thirteen  seconds. 


Induction  Motors  for  Ship  Propulsion 

By  A.  D.  Badgley 
Induction  Motor  Department,  General  Electric  Company 


Electric  ship  propulsion  has  been  under 
discussion  for  a  number  of  years  and  boats 
have  been  in  successful  operation  propelled 
by  direct-current  motors  where  the  power 
requirements  have  been  comparatively  small. 
For  ocean-going  ships  where  the  power  re- 
quirements are  large  it  was  evident  that  this 
type  of  drive  would  not  successfully  solve  the 
problem.  The  alternating-current  system 
was  then  studied  with  an  induction  motor 
direct  connected  to  the  propeller  shaft  and 
receiving  its  power  from  a  generator  driven  by 
a  high-speed  steam  turbine. 

For  ship  drive  the  chief  problem  was  to 
design  the  motors  and  generator  as  small, 
compact,  and  light  as  possible,  yet  in  such 
a  manner  as  to  give  the  best  combined 
operating  characteristics.  The  principal  dif- 
ference between  land  and  ship  practice  is  that 
in  the  former  the  motor  operates  from  a  cir- 
cuit of  fixed  voltage  and  frequency,  while  on 
shipboard  the  frequency  is  varied  by  chang- 
ing the  speed  of  the  turbine  driving  the  gen- 
erator thus  changing  the  motor  speed.  The 
voltage  can  also  be  varied  by  increasing  or 
decreasing  the  excitation  of  the  generator. 
This  is  taken  advantage  of  to  obtain  the 
most  efficient  operating  characteristics  and 
at  the  same  time  to  take  care  of  unusual 
conditions  such  as  occur  in  a  storm  and  in 
maneuvering  or  reversing. 


The  air  gap  or  clearance  between  stator 
and  rotor  of  an  induction  motor  is  smaller  than 
that  of  other  types  of  electric  motors  but  is  of 
ample  dimensions  for  safe  continuous  opera- 
tion. With  its  mechanical  design  made  very 
rigid  to  prevent  distortion  of  the  stator  frame, 
the  induction  motor  has  earned  an  enviable 
reputation  for  reliability  in  all  classes  of 
service  from  the  small  cotton  loom  motor  of 
a  few  watts  to  those  of  many  thousand  horse 
power  responsible  for  carrying  on  the  great 
production  of  our  largest  steel  mills  where  reli- 
ability of  operation  is  of  supreme  importance. 

The  reliability  of  an  induction  motor  on 
shipboard  is  greatly  enhanced  by  the  ease 
with  which  temporary  repairs  can  be  made 
in  case  of  an  electrical  breakdown  at  sea, 
without  disassembling  the  motor,  and  the 
boat  continue  at  full  or  slightly  reduced  speed 
to  port. 

(1)  A  single  coil  in  the  stator  can  be  cut 

out  of  any  circuit  without  affecting 
the  speed. 

(2)  A  single  bar   or  turn   can  be  cut  out 

of  the  rotor  without  affecting  the 
speed. 

(3)  A  complete  circuit  can  be  cut  out  of 

either  stator  or  rotor  and  the  speed 
only  slightly  reduced  and  then  only 
when  the  temperature  becomes  ex- 
cessive, usually  in  hot  climates. 
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I     In  case  the  stator  winding  is  so  badly 
burned  that  tin  repairs  can- 

not be  made,  the  stator  leads  can  be 
disconnected,  also  the  leads  from  the 
rotor  to  the  rheostat;  termi- 

nals should  then  be  connected  together 


Fig.  I.      A  Typical  Form  of  Induction  Motor  for  Merchant  May 

and  the  burned  section  of 

short-circuited.      The  leads  from  the 
generator  can    then   be  connected  to 
the  rotor  and  provision  can  be  made 
so   that    the   motor  can   be  operated 
linen  cd     with    both    generator    and 
motor  running  at  about    80  per  cent 
!  at  reduced  volta 
The  motor  construction  is  shown  in  Fig.  1. 
The  essentials  of  construction  do  not  materi- 
ally    differ     from     those     of     self-contained 
with  mam  bearings  in  the  end  shields. 
a>  used  in  li  i     is  comparatively 

smaller    in    diameter    and    longer    along    the 
taken  to  insulate 
the   windings   against   moisture-      A    slightly 
larger  air  gap  is  also  u 

The  stator  frame  is  made  of  cast  iron  or 
steel  and  is  of  a  very  rigid  design  for  resisting 
distortion  due  to  weight,  strains,  or  possible 


magnetic  pull.  The  bottom  half  is  closed  for 
water  tightness,  while  in  the  top  half  are 
openings  for  ventilation.  These  are  covered 
witli  a  hood  which  connects  with  the  ventilat- 
ing system  in  which  an  exhaust  fan  is  in- 
stalled. A  shutter  mechanism,  which  is  at 
the  to],  and  i  perated  by  a  lever, can  be 
i  ipened  when  the  motor  is  running  and 
d  when  standing  still. 
The  stator  core  is  built  up  of  thin 
steel  punchings  enameled  on  both 
sides,  assembled  on  dovetail  keys 
fastened  to  ribs  in  the  stator  frame, 
and  tightly  clamped  between  steel 
Ranges  at  each  end.  Air  ducts  are 
id  at  frequent  intervals  along 
the  core  for  proper  ventilation. 

The  coils  are  made  of  several  turns 
of  rectangular  wire  formed  accurately 
into  shape  and  specially  insulated  to 
withstand  the  action  of  moisture  and 
salt  deposits.  They  are  assembled 
in  open  slots  having  parallel  sides 
and  are  held  in  place  by  special 
wedges  driven  in  notches  punched  in 
the  teeth. 

The  rotor  punchings  are  mounted 
on  a  spider  in  a  manner  very  similar 
to  that  employed  in  the  stator.  and 
the  windings  of  insulated  copper  bars 
mbled  in  slots  and  held  in 
position  by  wooden  wedges  b 
the  bars  and  overhung  extensions  of 
the  teeth. 

The  winding  extensions  on  both 
stator  and  rotor  are  thoroughly 
secured  in  position  against  move- 
ment. 
The  rotor  winding  is  led  to  collector  rings 
on  the  shaft.  By  means  of  these  rings. 
resistance  is  introduced  in  the  rotor  circuit 
to  obtain  increased  torque  when  reversing 
at  full  speed  or  when  desired  in  starting  or 
maneuvering. 

The  bearings  are  of  the  ball-seated  type 
provided  with  oil  rings  and  an  auxiliary  oil 
supply  from  the  main  system  if  required. 
The  rings  are  allowed  considerable  movement 
in  order  to  insure  an  ample  oil  supply 
when  the  boat  is  pitching  or  rolling.  The 
bearings  are  mounted  in  housings  bolted 
to  the  end  shields  and  provided  with 
adjusting  bolts  for  centering  the  rotor 
in  the  stator.  The  outside  ends  of  the 
housings  are  also  provided  with  bolts  for 
jacking  up  the  shaft  and  lifting  the  weight 
of  the  rotor  from  the  bearings  so  that  they 
can  be  easilv  removed. 
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The  shield  openings  are  covered  with  re- 
movable wire  screens  for  additional  safety. 

At  the  present  time  three  boats  are  being 
driven  by  induction  motors  and  the  results 
of  tests  in  each  case  confirm  the  design  cal- 
culations. 

The  Jupiter,  with  the  same  type  of  design 
as  that  used  on  cargo  boats,  has  been  in 
continuous  service  since  1913. 

The  battleship  New  Mexico,  equipped  with 
four  special  two-speed  induction  motors  for 


operation  at  either  full  or  cruising  speed  at 
full  frequency,  uses  two  generators  for  full 
speed  running  and  one  generator  for  cruising 
speeds  with  all  motors  in  operation. 

The  latest  is  the  cargo  boat  Eclipse,  at 
present  on  its  first  trip  from  New  York  to 
Singapore. 

The  reports  from  all  three  boats  attest  the 
reliability,  economy,  ease  of  control,  and  ma- 
neuvering qualities  of  the  motor-driven  boat 
both  in  heavy  seas  and  in  dangerous  waters. 


Fig.  2.     Sectional  View  of  Typical  Induction  Motor  for  Merchant  Marine  Propulsii 
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Diesel  Engine  Electric  Propulsion  for  Merchant  Ships 

By  W.  II.  Wild 
Merchani  Ship  Eqi  ipmeni  Department,  General  Electric  Company 


The  i  attained  great  prom- 

inence all  over  the  world  and  probably  no 
merchant  ship  installation  is  undertaken 
without  consideration  being  given  to  this 
engine  for  either  propulsion  or  auxiliaries  or 
both.  The  increase  in  the  number  of  Diesel 
engine  installations  is  due  chiefly  to  its  fuel 
economy  as  compared  with  steam  drive,  and 
this  saving  in  fuel  is  doubly  desirable  in  ships' 
drive  whore  it  is  necessary  that  valuable  space 
be  sacrificed  for  carrying  fuel. 

A  large  percentage  of  the  cargo  carriers 
now  building  in  Europe  are  being  equipped 
with  Diesel  engines  direct  connected  to  the 
propellers,  and  Diesel  engine  driven  generators 
to  furnish  power  for  lighting,  auxiliaries,  and 
other  purposes.  In  America  there  are  now 
on  order,  and  under  construction,  approxi- 
mately 140,000  tons  dead  weight  capacity  in 
merchant  motorships  with  every  indication 
that  this  will  be  increased  in  the  near  future. 

It  is  natural  with  so  much  activity  in 
motorship  construction  that  there  be  con- 
siderable discussion  of  the  subject,  and  as  a 
result  technical  papers  have  published  many 
articles  giving  comparisons  between  Diesel 
engine  driven  ships  and  steam  driven  ships. 
Since  relative  merits  of  the  two  types  of  drive 
have  been  carefully  covered,  it  is  desired  in 
this  article  not  to  compare  these  two  types 
of  propulsion  but  to  invite  attention  to  the 
many  advantages  to  be  gained  by  adopting 
the  Diesel  engine  electric  drive. 

When  selecting  machinery  for  ships'  drive 
the  three  main  factors  which  largely  deter- 
mine the  type  adopted  are: 

(1)  Overall    economy    of    the    equipment. 

(2)  Space    occupied    and    weight    of    the 
machinery. 

(3)  Continuity  of  service. 

For  ships  such  as  barges,  tug  boats,  fishing 
boats,  and  ferries  which  operate  in  eon 
harbors  or  restricted  channels,  an  additional 
factor  must  be   considered,    and   that    is    the 
flexibility  of  control. 

The  majority  of  motorships  with  Diesel 
engines    dir  cted   to    the    propellers 

are  twin  screw  and  the  reasons  for  this  are 
two-fold.  First,  with  the  present  develop- 
ment of  the  Diesel  engine  it  has  seemed 
desirable  to  have  two  units  in  order  to  increase 
the    reliability;    and,    second,     twin    screws 


permit  of  a  higher  propeller  speed  which  is 
more  favorable  to  the  designed  speed  of  many 
engines.  In  some  cases,  no  doubt,  twin  screws 
have  been  adopted  because  the  design  of  en- 
gine used  has  not  been  developed  in  sizes  of 
sufficient  capacity  to  furnish  the  total  power 
required. 

With  direct-drive  engines,  reversal  of  the  pro- 
peller is  accomplished  by  reversing  the  direc- 
tion of  rotation  of  the  engine.  This  requires 
a  reliable  source  of  high-pressure  air  available 
at  all  times,  and  also  adds  complications  in 
the  design  of  the  engine.  Where  frequent 
reversals  are  required  for  maneuvering,  large 
high-pressure  air  storage  tanks  must  be 
provided  and  even  with  this  precaution,  con- 
siderable responsibility  devolves  upon  the 
operator  in  order  to  avoid  loss  of  air,  which 
might  result  in  serious  damage  to  the  ship 
in  an  emergency. 

Often  the  propeller  speed  is  a  compromise 
between    the    most    efficient    speed    of    the 


Fig.   1.     The  Mariner:  The  First  Diesel  Engine 
Electrically  Piopelled  Vessel 

propeller  and  the  most  efficient  speed  of  the 
engine,  which  results  in  a  loss  of  efficiency 

for  both. 

Fi  ir  ships  in  which  it  is  desirable  to  locate 
the  engine  room  amidships,  there  are  required 
with  the  direct  drive  long  shaft  tunnels  and 
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long  runs  of  shafting  which  add  to  the  cost, 
friction  losses  and  weight,  and  also  reduce 
the  available  cargo  space. 

The  Diesel  engine  electric  drive  when 
properly  designed  will  possess  nearly  all  the 
advantages  accruing  to  the  Diesel  engine 
direct  drive,  will  eliminate  many  of  the 
difficulties  encountered,  and  in  addition  will 
provide  many  advantages  which  are  found 
only  in  the  electric  drive.  In  order  to  support 
this  assumption  the  three  main  factors 
mentioned  will  be  taken  up  separately. 

First,  consider  the  over-all  economy  of  the 
-equipment.  The  loss  of  energy  in  the  electri- 
cal machines  is  obvious  and  this  is  usually 
the  main  objection  charged  against  electric 
drive  because  it  is  so  easilv  determined.     On 


there  is  no  necessity  for  having  an  engineer 
at  the  throttle  or  an  adjustable  speed  governor 
to  take  care  of  racing,  as  a  simple  type  of  speed 
governor  is  all  that  is  necessary.  Another 
economy  is  effected  by  running  the  auxiliaries 
and  lights  from  one  of  the  main  generating 
sets  which  should  eliminate  all  auxiliary  sets 
except  a  small  one  for  lighting  in  port  when  all 
main  units  are  shut  down. 

Second,  consider  the  space  occupied  and  the 
weight  of  the  machinery.  The  electric  drive 
does  not  require  the  generating  sets  to  be 
placed  in  any  definite  position  with  respect  to 
the  propeller  shaft,  and  therefore  the  main 
generating  plant  can  be  located  to  the  very 
best  advantage.  Designs  are  being  considered 
where  it  is  planned  to  install  some  of  the  units 
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Showing  Location  of  Propulsion  Equipment 


the  other  hand,  the  gain  in  efficiency  made 
possible  by  electric  drive  is  not  quite  so 
obvious,  although  it  will  in  most  installations 
equal  if  not  exceed  the  loss  incurred.  Electric 
drive  permits  single  screw  operation,  even 
though  more  than  one  engine  is  used,  and  the 
most  -efficient  propeller  speeds  may  be 
adopted  in  either  twin-screw  or  single-screw 
equipments,  regardless  of  the  number  or  speed 
of  the  engines  used.  It  will  permit  of  the 
constant  and  most  efficient  speed  of  the 
engines  as  well  as  the  elimination  of  all  the 
reversing  mechanism.  Also,  irrespective  of 
the  ease  of  reversing,  a  propeller  shaft  driven 
by  an  electric  motor  at  constant  speed  and 
torque  has  advantages  which  are  not  inherent 
with  reciprocating  drive.  In  a  rough  seaway, 
when  the  propeller  comes  out  of  the  water, 


on  decks  one  above  the  other,  and  thereby 
obtain  a  large  saving  in  cargo  space.  Another 
saving  is  effected  by  placing  the  propelling 
motor  as  far  aft  as  the  structure  of  the  ship 
will  permit,  thereby  eliminating  shaft  tunnels 
and  long  runs  of  shafting. 

The  question  of  weight  is  largely  dependent 
on  the  speed  of  the  engine,  and  instead  of 
using  large,  bulky,  low-speed  engines  which 
involve  a  considerable  weight,  it  is  proposed 
to  use  smaller  high-speed  engines  which  is 
made  possible  by  connecting  them  electrically 
through  a  motor  to  the  propeller.  The  size 
of  the  unit  employed  will  be  the  one  most 
economical  to  manufacture,  which  at  the  same 
time  will  incorporate  simplicity  and  reliability. 
In  other  words,  the  design  of  engine  is  not 
limited  by  the  propeller  speed  and  the  engine 
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Fig.  3.      Forward  End  of  Engine  Room  I  looking  forward  ,  Showing  Mai^  Generators  and  Propeller  Motor 
with  Master  Controller  at  Right 


Fig.  4.      Engine  Room    looking  aft  I,  Showing  Main  Generators  with  the  Engine  Flywhrels  Carried  on  the 
Generator  Shaft  Bearings 
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will  be  run  in  one  direction  only  and  at 
constant  speed.  Objection  may  be  raised  to 
the  multiplicity  of  parts,  but  this  is  offset  by 
the  fact  that  a  large  number  of  small  and  like 
parts  can  be  manufactured  with  less  chance 
of  loss  than  a  lesser  number  of  larger  parts. 


rangement  of  Main  Cc 
Showing  Arc  Chutes  ; 


itrol  Contactors  (front  vii 
id  Flush  Barriers 


particularly  when  these  are  of  the  nature  of 
intricate  castings.  From  the  maintenance 
viewpoint,  the  apparatus  is  more  easily 
standardized  and  made  interchangeable,  so 
that  repairs  really  mean  replacements  of 
parts  by  spares  fitted  to  gauge. 

By  using  smaller  engines,  it  is  much  easier 
to  handle  the  parts  when  inspecting  repairs. 
This  is  appreciated  by  engineers.  Spare 
parts  can  be  easily  carried,  and  in  case  of 
break  down  the  unit  affected  can  be  cut  out 
of  circuit,  repaired,  and  thrown  back  on  the 
line  without  seriously  reducing  the  speed  of 
the  ship.  This  can  be  easily  accomplished  at 
sea  by  ships'  engineers  while  with  a  large  unit 
this  would  be  very  difficult  if  not  impossible  to 
attempt. 

The  electric  drive  immediately  recommends 
itself  for  ships  where  great  flexibility  of 
control  is  an  important  factor,  due  to  the  fact 
that  the  most  difficult  operations  can  be 
reduced  to  the  throwing  of  a  switch  or  the 
simple  movement  of  a  master  control  handle. 
The  operating  controls  can  be  placed  in  the 
pilot  house  as  well  as  in  the  engine  room  with 
the  same  ease  that  a  trolley  car  can  be 
operated  from  either  the  front  or  rear  plat- 
form. 

Third,  the  final  test  for  any  type  of  ships' 
drive,  and  without  which  no  equipment  can 
hope  to  survive,  is  continuity  of  service.  The 
equipment  which  can  demonstrate  the  greatest 
reliability  is  bound  to  find  an  important  place 


in  ships  where  so  much  depends  on  the  success 
of  the  machinery. 

The  major  part  of  all  movement  in  electri- 
cal apparatus  is  reduced  to  simple  rotation 
which  enhances  the  great  reliability  of  this 
apparatus.  Therefore,  while  the  power  is 
generated  by  engines  which  involve  recip- 
rocating motion,  the  power  is  transmitted 
to  the  propeller  shaft  through  a  motor  which 
involves  simple  rotation  only,  and  the 
generating  plant  can  be  composed  of  a 
sufficient  number  of  units  to  insure  one 
hundred  per  cent  continuity  of  service  with- 
out sacrificing  its  economy. 

If  there  was  ever  any  question  as  to  the 
reliability  of  the  electric  driven  ship  it  has 
surely  been  favorably  answered  in  the  success 
of  such  ships  as  the  collier  Jupiter,  battleship 
New  Mexico,  and  other  installations  equipped 
with  electric  propelling  apparatus.  The 
experience  gained  from  the  operation  of  the 
Diesel  engine  electric  driven  trawler  Mariner 
has  also  successfully  demonstrated  the  practi- 
cal application  of  this  type  of  drive.  A  year's 
operation  in  all  kinds  of  weather  has  proved 
that  the  fundamentals  involved  are  entirely 
correct,  and  it  is  of  interest  to  note  that  the 


Fig.  6.      Arrangement  of  Wheel  and  Master  Controller 
in  Pilot  House 

Mariner  is  one  of  a  very  limited  number  of 
trawlers  which  have  been  operating  this  past 
summer,  the  majority  of  the  steam  trawlers 
on  the  New  England  Coast  having  been 
tied  to  the  docks  due  to  the  high  cost  of 
operation. 
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The  Control  of  an  Induction  Motor 
Propelled  Cargo  Boat 

By  Ray  Stearns 
Railway  Equipment  Department,  General  Electric  Company 


It  is  a  simple  matter  to  control  a  cargo 
boat  which  is  equipped  with  a  turbine-gen- 
erator and  propelled  by  a  three-phase  induc- 
tion motor  mounted  on  a  single  driving  shaft. 
Starting,  stopping,  and  reversing  are  accom- 
plished by  means  of  an  easily  operated  lever 
which  serves  to  close,  open,  or  reverse  the 
electrical  connections  between  the  turbine- 
generator  and  the  driving  motor  on  the  pro- 
peller shaft.  The  speed  of  the  propeller  is 
regulated  through  a  range  from  one-third  to 
full  speed  by  means  of  a  second  lever  which 
changes  the  speed  of  the  turbine -generator. 

The  efficient  driving  of  the  propeller,  under 
varying  conditions  in  a  sea  voyage,  is  gauged 
by  a  set  of  electrical  instruments  and  gov- 
erned by  a  third  handle  attached  to  a  resistor 
in  the  generator  field  circuit.  This  handle 
adjusts  the  excitation  of  the  generator. 

The  control  elements  of  the  propelling 
apparatus  relating  to  these  functions  of 
starting,  stopping,  reversing,  varying  the 
speed,  and  continuously  driving  the  propeller 
will  be  described  first;  then,  the  general  con- 
trol operations  of  the  levers. 

Plate  I  shows  the  relative  location  of  the 
steam  plant,  electrical  gear,  and  propeller 
shaft  as  installed  in  the  boiler  room,  engine 
room,  and  motor  room  of  a  cargo  boat. 

Plate  II  shows  details  of  the  equipment 
with  special  reference  to  the  flow  of  steam 
through  the  admission  pipe  and  valves  to  the 
turbine  and  the  flow  of  electrical  power 
through  the  various  conductors  and  switches 
from  the  generator  to  the  motor. 

The  corresponding  figure  numbers  on 
Plates  I  and  II  refer  to  the  same  apparatus. 

Turbine  Controlling  Valves 

Referring  to  Plate  II,  Fig.  8  is  descriptive 
of  the  three  main  controlling  steam  valves 
which  are  located  in  the  steam  admission  line 
between  the  boilers  and  the  turbine. 

The  hydraulically  operated  governor-con- 
trolled steam  throttle  valve  is  used  normally 
by  the  operator  in  controlling  the  turbine 
from  one-third  to  full  speed.  Fig.  8  shows 
the  speed  lever  which  the  operator  uses  nor- 
mally to  change  his  governor  settings  for 
different  turbine  speeds. 


A  second  hand-operated  steam  throttle 
valve  in  series  with  the  first  is  supplied  for 
use,  throughout  the  turbine  range  of  speed,  in 
case  of  failure  of  the  governor-controlled  throt- 
tle valve.  It  furthermore  serves  normally  to 
bring  the  turbine  up  to  one-third  speed. 

A  third  clapper  type  emergency  steam  valve 
is  shown  in  the  steam  admission  line  for  use 
in  case  of  emergencies  to  prevent  overspeed- 
ing. 

Electric  Gear 

The  generator  receives  its  excitation  from 
a  125-volt  direct-current  exciter  (Fig.  5). 
The  circuit  from  the  exciter  to  the  generator 
passes  through  the  low-voltage  field  switches 
(called  contactors)  of  the  control  group  (Fig. 
2).  A  spare  exciter  is  installed.  The  ex- 
citation is  adjusted  by  means  of  the  resistor 
handle  located  on  the  control  panel  (Fig.  2). 
It  will  be  necessary  to  adjust  the  field  resistor 
at  starting,  before  maneuvering,  and  from 
time  to  time  to  improve  the  efficiency  in  con- 
tinuous operation  at  various  speeds.  The 
w-heel  type  handle  shown  at  the  left  of  the 
panel  operates  the  generator  field  resistor. 

The  induction  motor  (Fig.  4)  on  the  pro- 
peller shaft  receives  its  power  supply  from 
the  three-phase  generator  through  three  trans- 
mission cables  which  pass  through  the  high- 
voltage  switches  of  the  control  group.  The 
motor  is  started,  stopped,  and  reversed  by 
means  of  the  high  and  low-voltage  contactors 
of  the  control  group.  Normally  in  starting 
the  motor  from  rest,  the  water-cooled  resistor 
(Fig.  3)  is  inserted  in  the  motor  rotor  circuit. 
When  the  motor  is  nearly  up  to  speed,  the 
water-cooled  resistor  is  short  circuited  by  con- 
tactors in  the  control  group. 

Referring  to  Plate  I,  Fig.  2,  the  two  field, 
five  reversing,  and  two  resistor  contactors  are 
indicated  in  the  notes. 

Referring  to  Plate  II,  Figs.  6  and  7  are 
cross-sections  of  the  low -voltage  field  con- 
tactors and  the  high-voltage  reversing  and 
resistor  contactors,  respectively.  The  con- 
tactors are  normally  magnetically  operated 
by  solenoids.  The  solenoids  are  energized  by 
means  of  wires  emanating  from  the  master 
controller  on   the   operating-  panel   (Fig.   2), 
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In  eim  ;  hey  are  ma  ■    «  rated 

by  levers  attached  to  three  cam  shafts.    These 
ied  a1   tin'  lefl   i  ii   i  he  panel. 
■  ;e   levers   serves   to   reverse   the 
induction  motor  by  closing  and  opening  five 
of    the    high-voltage    contactors    in    proper 
sequence;  thi     econd  operates  the  two  low- 
eld    contactors;    while    the    third 
operates  the  remaining  I  m  <  high--\  oltag< 
tactors  for  short  circuiting  the  water-cooled 
resist- 

The  of   the  manually    operated 

!<■■  .■!■    an   .1    '<  Mows: 

Ahi  ad 
er      Stop 
Astern 


Field  1 
Resistor  lever 


/Off 
\  On 

Resistor 

Run 


The  contact  making  parts  ( Figs.  6  and  7) 
of  the  contactors  are  of  the  air  break  type 
equipped  with  powerful  magnetic  blowouts 
capable  of  handling  the  power  circuit  under 
all  conditions  of  operation. 

In  reversing,  the  water-cooled  resistor  is 
normally  inserted  in  the  motor  rotor  circuit. 
When  the  motor  comes  up  to  speed,  this 
resistor  is  short  circuited.  It  is  possible,  how- 
ever, to  maneuver  with  the  resistor  short 
circuited.  Under  these  conditions  the  motor 
torque  at  low  speeds  and  during  reversal  is 
reduced  somewhat.  The  motor  speed  is 
varied  by  varying  the  generator  frequency. 
This  is  doTie  by  changing  the  turbine  speed. 

The  control  panel  (Fig.  2)  is  a  structural 
iron  cell,  faced  on  the  front  with  a  sheet  steel 
plate  upon  which  are  mounted  the  electrical 
instruments  and  levers  necessary  to  control 
the  turbine,  the  exciters,  and  the  electric 
gear.  There  are  no  exposed  current  carrying 
parts  on  the  front  of  the  panel. 

Referring  to  Fig.  2,  the  different  meters 
and  indicatoi  an  clearly  shown.  Above 
the  speed  lever,  which  controls  the  speed 
setting  of  the  hydraulic  governor  of  the  tur- 
bine, there  are  two  speed  indicators.  One 
indicates  the  revolutions  per  minute  of  the 
turbine  and  the  other  the  revolutions  per  min- 
ute of  the  propeller.  Electric  magneto- 
voltmeter  speed  indicators  are  used.  An 
indicating  ammeter,  voltmeter,  and  watt- 
meter are  placed  in  the  main  line  circuits 
directly  above  the  electric  lever  which  con- 
trols the  electric  gear.  An  excitation  indica- 
tor is  located  adjacent  to  the  handle  of  the 
generator  field  resistor.     The  excitation  in- 


dicator shows  when  thi  field  resistor  handle 
ha  been  correctly  adjusted  to  give  efficient, 
operation  at  any  frequency.  An  am- 
meter is  connected  into  the  field  circuit  of 
the  generator.  A  temperature  indicator 
reading  directly  in  degrees  Fahrenheit  is  also 
connected  into  the  generator  field  circuit. 
There  is  a  field  resistor  for  each  exciter  field. 

There  are  two  main  operating  levers  on  the 
control  panel.  One,  the  speed  lever,  which 
controls  the  turbine  governor  setting,  is 
shown  with  details  in  Fig.  8.  The  second 
lever,  called  the  electric  lever,  controls  the 
solenoid  circuits  of  the  high-voltage  contactors 
which  determine  the  direction  of  rotation  of 
the  propeller,  the  solenoids  which  close  the 
contactors  for  short  circuiting  the  water- 
cooled  resistor  in  the  rotor  circuit,  and  the 
solenoids  which  operate  the  low-voltage  con- 
tactors in  the  generator  field  circuit. 

The  electric  lever  has  the  following  oper- 
ating positions: 


Ahead 
Stop 

Astern 


Run 


Run 


t 


The  electric  lever  moves  the  master  con- 
troller which,  in  turn,  energizes  the  several 
contactors  of  the  control  group  to  give  the 
following  combinations:  In  the  stop  position, 
all  contactors  are  open.  In  position  /  the 
main  contactors,  controlling  the  direction  of 
rotation  of  the  propeller,  close.  In  position 
2,  the  field  contactors  close,  putting  field  on 
the  generator  and  giving  operation  ahead 
or  astern.  In  the  run  position,  the  resistor 
contactors  close,  cutting  the  water-cooled  re- 
sistor out  of  the  circuit.  Immediately  above 
the  electric  lexer  is  located  a  small  red  pilot 
lamp  which  is  lighted  when  the  water-cooled 
resistor  is  in  circuit. 

A  notch  is  provided  for  the  stop  position, 
a  single  long  notch  for  position  /  and  2,  and  a 
notch  for  the  ni  >;  position.  In  normal  operation. 
the  operator  would  go  directly  from  the  stop 
position  to  position  .J,  would  delay  there  for 
a  time  and  then  would  move  to  the  run  posi- 
tion. In  shutting  off,  the  operator  would 
move  through  position  .'  and  would  delay  on 
position  /  for  a  moment  before  moving  to  the 
stop  position.  This  is  for  the  purpose  of  giv- 
ing time  for  the  generator  field  to  die  down 
before  opening  the  main  contactors. 


Table  Of  Electrical  Instruments 
On  Control  Panel 

1  Excitation  Indicator 

2  Generator  Ammeter 

3 Propeller  Speed  Indicator 
4  Generator  Field  Ammeter 
5 Generator  Voltmeter 
6  Turbine  Speed  Indicator 
7 Indicating  Wattmeter 
6 Temperature  Indicator 
9 Exciter  Voltmeter 
lOExciter  Ammeter 
11  Integrating  Wattmeter 


Plate  II.      Diagrammatic  Arrangement  of  Steam  Governing  System  and  Electric  C 


:  for  Electric  Ship  Propulsion  Machinery.      Viewed  from  Port  Side 
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In  addition  to  the  speed  and  electric  levers, 
and  field  resistor  handle  upon  the  control 
panel,  there  are  three  switch  levers  on  the 
direct-current  section  of  the  panel,  one 
for  operating  a  combination  disconnect- 
ing switch  and  fuse  in  the  control  circuit 
leading  from  the  125-volt  power  supply  to 
the  master  controller  for  use  in  energizing 
the  contactor  solenoids,  another  lever  for 
connecting  either  exciter  to  the  exciter  cir- 
cuit, and  a  third  for  connecting  a  motor- 
driven  blower  to  the  power  supply  circuit. 

The  control  group  is  located  immediately 
above  and  supported  by  the  control  panel 
structure  (Fig.  2). 

Fig.  3  shows  the  resistor  unit.  It  consists 
of  three  metallic  resistors  each  made  up  of  a 
series  of  monel  metal  spirals  riveted  together. 
Each  metallic  resistor  unit  is  placed  within  a 
water-proof  insulating  shell  through  which  is 
forced  cooling  sea  water  by  the  condenser 
circulating  pump.  Due  to  the  fact  that  the 
metallic  resistors  are  in  direct  contact  with 
the  cooling  water  the  resistor  may  be  operated 
indefinitely  without  overheating.  The  ma- 
terials used  in  the  resistors  are  non-corrodible. 
Renewable  zinc  plates  are  used  to  concentrate 
electrolysis.  The  resistor  requires  100  gallons 
of  circulating  sea  water  per  minute.  Under 
normal  running  conditions  it  is  short  cir- 
cuited but  is  introduced  into  the  rotor  circuit 
when  high  motor  torque  is  desired  at  low 
speeds. 

GENERAL  CONTROL  OPERATION 

The  necessary  control  operations  in  start- 
ing, stopping,  reversing,  varying  the  speed, 
and  continuously  driving  the  propeller  will 
now  be  described.  Only  those  turbine  func- 
tions which  relate  immediately  to  the  elec- 
tric gear  are  mentioned.  These  control  oper- 
ations may  be  accomplished  in  two  ways,  the 
normal  and  the  manual. 

Normal  Operation 

Under  normal  operating  conditions,  the 
speed  and  electric  levers  on  the  control  panel 
are  used  in  conjunction  with  the  adjacent 
field  resistor  handle  and  master  control 
switch.  The  manipulation  of  these  different 
levers  is  gauged  by  the  different  instrument 
indications. 

(a)  Starting  from  rest.  With  the  engine 
secured,  it  is  assumed  that  the  emergency 
valve  is  tripped,  the  hand  -opera  ted  throttle 
valve  is  fully  closed,  and  the  speed  lever  on 
the  panel  is  against  the  slow  stop,  correspond- 
ing to  approximately  one-third  turbine  speed; 


also  that  the  control  and  blower  motor 
switches  are  open  and  the  electric  lever  is  in 
the  stop  position.  When  the  control  switch  is 
open,  the  125-volt  supply  to  the  master  con- 
troller, which  is  turned  by  the  electric  lever, 
is  disconnected.  When  the  electric  lever  is 
in  the  stop  position,  all  the  solenoids  of  the 
control  group  are  de-energized  and  the 
transmission  lines  between  the  generator 
ami  motor  are  open.  Referring  to  the 
control  group,  the  reverse  lever  for  man- 
ual manipulation  is  in  the  stop  position,  the 
field  lever  for  similar  operation  is  in  the 
of  position,  and  the  resistor  lever  in  the 
resistor  position. 

In  order  to  prepare  for  starting,  the  pro- 
pulsion equipment  is  put  in  standby  order  by 
first  setting  the  emergency  clapper  valve 
and  emergency  oil  release  valve,  and  then  by 
slowly  opening  the  hand-operated  throttle 
until  the  governing  mechanism  takes  control. 
Then  the  hand-operated  throttle  valve  is 
opened  wide.  The  speed  lever  being  in  the 
position  for  securing,  that  is,  against  the  slow 
stop,  the  speed  of  the  turbine  will  be  limited 
to  the  slow  setting. 

In  order  to  try  out  and  warm  up  the  tur- 
bine, the  speed  lever  may  be  brought  up  to 
the  full  position  while  the  electric  gear  is  still 
de-energized.  The  speed  lever,  however,  is 
finally  placed  in  the  slow  position  in  prepa- 
ration for  an  order  to  start.  The  turbine  will 
then  be  turning  at  approximately  one-third 
speed. 

It  is  assumed  that  one  of  the  exciters  has 
been  previously  started  and  the  voltage 
adjusted  to  125  volts,  that  the  exciter  switch 
has  been  closed,  and  that  the  field  switch, 
the  blower  motor,  and  the  necessary  auxili- 
aries are  functioning.  To  prepare  the  electric 
gear,  the  control  switch  is  closed. 

When  the  order  to  start  is  received,  the 
electric  lever  is  moved  through  the  first  to 
the  second  notch  {resistor  position)  ahead  or 
astern  as  the  case  may  be.  When  the  pro- 
peller speed  reaches  a  steady  value  as  indi- 
cated by  the  propeller  speed  indicator,  the 
electric  lever  is  moved  to  the  last  notch  {run 
position)  cutting  the  water-cooled  resistor 
out  of  circuit. 

The  field  resistor  handle  is  now  turned  to  a 
position  such  that  the  needle  of  the  excitation 
indicator  oscillates  to  the  left  of  a  horizontal 
red  line  on  the  instrument  scale.  Variation 
to  the  right  in  the  region  of  red  shows  under 
excitation;  to  the  left,  shows  over  excitation. 
The  speed  lever  may  now  be  moved,  in- 
creasing the  speed  of  the  turbine  as  desired. 
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The  excitation  motor  must  be  watched  and 
I  adjusted  accordingly. 

ing     Driving  power  is  removed 
from  the  propeller  by  first  turning  the 

on  I  if  not  already  there), 

thou   •  ie  electric  lever  to  the   stop 

position.     In  this  position  the  power  circuits 

n   the  generator   and    the   motor   are 

Reversing   with    boat    full   speed   ahead. 
The  levers  i  for  stopping 

•  he  electric  lever  is  moved  through 
the  sloj  position  into  notch  .'  in  the  astern 
position.  The  propeller  speed  indicator  is 
watched,  and  when  the  propeller  speed  ap- 
proaches a  steady  value  the  electric  lever  is 
I  tii  the  run  position.  After  the  boat 
i  n  broughl  up  to  speed,  the  excitation 
is  adjusted  until  the  noodle  of  the  excitation 
indicator  oscillates  to  the  left  of  the  horizontal 
red  line  on  the  instrument  scale. 

(d)    Varying   the  speed.      All    speed   varia- 
tions of  the  i  >n  .poller  are  effected  by  changing 
i  tting  of  the  speed  lever.     The  turbine 
can  be  operated  below  one-third  speed  on  the 
go\  ernor  by  raising  the  slow  stop  and  moving 
the  spood  lever  below  this  position.    The  gen- 
■    Hold    resistor    handle    is    adjusted    in 
accordance  with  indications  of  the  excitation 
indicator  for  each  change  of  setting  of  the 
!  lever,  and  from  time  to  time  to  improve 
efficiency    and    maintain    stability    of   opera- 
tion. 

'  'ontinuous    driving   oj   propeller    under 

conditions.     During  a  sea  voyagi 

propeller  speed   indicator  and  the  excitation 

indicator  arc  the  principal  checks  upon  the 

a  I  ion. 

Whenever  a  change  in  turbine  speed  and 

consequently  boat  speed  is  made  by  means  of 

or.  the  hold  excitation  should  be 

changed    by    moans    of    the   resistor   handle. 

Furthermore,  changes  in  sea  conditions,  etc.. 

which  will  afioii   the  power  required  to  drive 

the  boat,  will  ne<  adjustment  of  the 

field    resistor.      If    the   excitation    is   low    for 

any  particular  speed  setting,  the  motor  may 

fall  out  of  stop.     If  the  excitation  is  too  high. 

is  an  unnecessary  loss  of  energy  and  the 

economy  of  operation  is  reduced.     Excitation 

should  be  maintained  at  as  low  a  value  as 

possible  without    the  motor  "pulling  out  of 

The   excitation   indicator   is   a    measure  of 

the   correct    excitation   under   all    conditions 

of  sea  and  speed      Th  the  indicator 

ibrated  from  right  to  lefl  with  divisions 

0  10.     The  correct  excitation 


is  maintained  in  the  generator  field  by  ad- 
justing the  field  resistor  handle  so  that  the 
pointer  of  the  excitation  indicator  will  closely 
approach  but  not  swing  to  the  right  of  zero. 
The  scale  of  the  excitation  indicator  is  marked 
with  a  red  band  extending  from  zero  to  the 
right.  If  the  pointer  is  on  this  red  band,  the 
motor,  when  in  operation,  is  either  in  danger 
of  "pulling  out  of  step,"  or  has  actually 
"pulled  out  of  step.  " 

(f)  Protective  devices.  In  addition  to  the 
automatic  oil  governor,  the  turbine  is  pro- 
tected against  over-speeding  by  a  pre-emer- 
gency  centrifugal  governor  and  by  an  eccen- 
tric ring  emergency  governor  (Fig.  8). 

Protective  fuses  are  located  in  the  low- 
voltage  control  circuits. 

Overheating  of  the  generator  field  is  shown 
by  means  of  the  temperature  indicator  in  the 
field  circuit.  This  indicator  has  broad  red 
markings  on  the  scale  in  the  region  above 
300  deg.  F.  and  when  the  needle  registers  in 
this  region  the  generator  field  is  overheated. 
Overheating  of  the  generator  field  under  bad 
sea  conditions  is  an  indication  that  the  boat 
is  being  maintained  at  too  high  a  speed  an  1 
that  the  turbine  speed  lever  and  then  the 
field  resistor  handle  should  be  reduced  in 
setting.  Decreasing  the  turbine  speed  will 
permit,  as  shown  by  the  excitation  indicator, 
lower  excitation  on  the  generator  because  of 
the  lower  power  demand,  and  the  heating 
will  be  reduced  correspondingly. 

Taking  the  temperature  indicator  in  com- 
bination with  the  excitation  indicator,  the 
former  serves  to  show  the  maximum  possible 
field  without  overheating,  and  the  latter  the 
minimum  generator  field  necessary  to  hold 
the  motor  in  step. 

Manual  Operation 

If  for  any  reason  it  is  necessary  or  desirable 
to  operate  the  control  group  directly,  that  is, 
manually,  this  may  be  accomplished  by  means 
of  the  reverse,  field,  and  resistor  levers  already 
described  which,  through  the  means  of  cam 
shafts,  actuate  the  contactors  directly.  The 
solenoids  are  not  necessary  for  operation  in 
this  case. 

The  control  group  can  be  operated  in  con- 
junction with  either  the  speed  lever  on  the 
panel  or  with  the  hand-operated  throttle 
valve  directly  on  the  turbine  i  Fig.  8).  When 
the  hand-operated  throttle  is  used,  during 
maneuvering,  the  turbine  is  held  at  approx- 
imately one-third  speed  or  less  while  the 
contactors  of  the  control  group  are  being 
manipulated. 
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The  turbine  speed  is  shown  by  the  indicator 
on  the  control  panel. 

(a)  Starting  from  rest.  With  the  turbine 
running  at  one-third  speed,  the  reverse  lever 
at  the  left  of  the  panel  (Fig.  2)  is  moved 
manually  to  either  the  ahead  or  the  astern 
position.  Then  the  field  lever  is  moved  to 
the  on  position.  When  the  propeller  speed  in- 
dicator reaches  a  steady  value,  the  resistor 
lever  is  moved  to  the  run  position  and  the 
speed  of  the  turbine  is  increased  as  de- 
sired. The  excitation  meter  is  watched  and 
the  field  adjusted  accordingly. 

(b)  Stopping.  The  speed  lever  is  moved  to 
the  one-third  speed  position,  the  resistor  lever 
is  moved  to  the  resistor  position,  the  field  lever 
is  thrown  to  the  off  position,  and  then  the  re- 
verse lever  is  moved  to  the  stop  position. 

(c)  Reversing  with  boat  running  full  speed 
ahead.  First  the  speed  lever  is  moved  to  the 
slow  position.  Next  the  resistor  lever  is 
moved  to  the  resistor  position  and  the  field 
lever  to  the  off  position.  Then  the  reverse 
lever  is  moved  from  the  ahead  to  the  astern 
position,  and  the  field  lever  to  the  on  position. 
Finally,  when  the  propeller  speed  indicator 
has  reached  a  steady  value,  the  resistor  lever 
is  moved  to  the  run  position. 

In  case  the  hand-operated  throttle  valve  is 
used  in  (a),  (b),  or  (c),  in  place  of  the  speed 
lever,  the  turbine  speed  indicator  must  be 
used  to  gauge  the  throttle  opening,  thus 
controlling  the  turbine  speed. 

(d)  Varying  the  speed.  Speed  variations 
are  effected  either  by  the  speed  lever  or  by 
the  hand-operated  throttle  valve. 


(e)  Continuous  operation.  Stable  efficient 
operation  is  maintained  by  adjusting  the 
generator  field  resistor  on  the  control  panel 
in  accordance  with  the  excitation  indicator. 

CONCLUSION 

It  may  be  of  interest  to  compare  reversal 
operations  of  boats  propelled  by  direct -con- 
nected reciprocating  engines,  by  geared  tur- 
bines and  by  electric  drive. 

A  reversal  with  the  reciprocating  engine  is 
accomplished  by  closing  the  throttle,  revers- 
ing the  engine  valve  gear  and  again  opening 
the  throttle. 

A  reversal  with  a  geared-turbine  boat  is 
brought  about  by  closing  the  ahead  throttle 
and  opening  the  astern  throttle,  thus  chang- 
ing the  flow  of  steam  from  the  main  ahead 
turbine  to  the  astern  turbine. 

A  reversal  with  electric  drive  is  accom- 
plished by  merely  reducing  the  turbine  speed 
with  the  speed  lever  and  then  throwing  the 
electric  lever  from  ahead  to  astern.  If  the 
turbine  is  already  running  at  reduced  speed, 
as  would  be  the  case  in  maneuvering,  it 
is  only  necessary  to  throw  the  electric 
lever. 

Referring  to  Table  I,  a  reversal  with 
either  a  direct-connected  reciprocating  engine 
or  geared  turbine  necessitates  bringing  the 
engine  to  rest  and  then  up  to  speed  in  the 
opposite  direction.  With  the  electric  drive, 
the  turbine  always  revolves  in  the  same 
direction.  It  is  accordingly  much  simpler 
and  easier  to  maneuver  a  boat  equipped 
with  electric  drive. 


TABLE  I 

COMPARISON  OF  OPERATIONS  IN   REVERSING  A  SINGLE  SCREW  BOAT  PROPELLED  BY   A 

RECIPROCATING  ENGINE,  A  GEARED  TURBINE,   OR  ELECTRIC   DRIVE 


Operatic 


Reciprocating  Engine 


Geared  Turbine 


Electric  Drive 


Slow  and  Full  Speed 
Reversal  of  Ship 

Stop  Driving  Power  of 
Engine  by  Closing 
Throttle  Valve 

Reverse  Valve  Gear 


Slow  and  Full  Speed 
Reversal  of  Ship 

Stop  Driving  Power  of 
Turbine  by  Closing 
Ahead  Thiottle  Valve 


Slow  Speed  Reversal 
of  Ship 


Full  Speed  Reversal 
of  Ship 


Reduce   Turbine   Speed 
with  Speed  Lever 


Reverse    Electric    Gearj  Reverse    Electric    Gear 
with  Electric  Lever  with  Electric  lever 


Start  Driving  Power  of  Start  Driving  Power  of 
Engine  bv  Opening  Turbine  by  Opening 
Throttle  Valve  Astern  Throttle  Valve 


Increase  Turbine  Speed 
with  Speed  Lever 
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Control  Equipment  for  Auxiliaries  in  the 
Merchant  Marine 

By  A.  R.  Sanborn 
Industrial  Control  Engineering  Department,  Gener  u.  Elec  iru   Company 


Electric  appliances  for  the  control  of  motors 
operating  auxiliary  machinery  installed  on 
merchant  vessels  primarily  conform  to  the 
accepted  standards  of  engineering  practice  as 
established  by  the  published  rules  or  codes 
of  the  American  Institute  of  Electrical 
Engineers,  the  National  Board  of  Fire  Under- 
writers, and  the  Electric  Power  Club.  The 
adaptation  of  any  equipment  to  withstand 
the  severe  atmospheric  conditions  and  sea- 
water  immersions  imposed  upon  it  requires 
special  consideration  and  development  of 
ways  and  means  of  rendering  it  immune  to 
the  corrosive  action  of  salt-laden  air.  mist, 
and  water. 

It  is  quite  obvious  that  satisfactory  opera- 
tion in  this  service  cannot  be  expected  of 
devices  designed  with  no  contemplation  of 
their  use  for  other  than  industrial  applications 
on  land,  where  such  devices  do  not  ordinarily 
include  non-corrodible  small  parts  in  their 
mechanisms,  or  non-absorbent  insulations  in 
their  structures,  not  to  mention  such  other 
considerations  that  affect  their  proper  and 
reliable  functioning  when  subjected  to  the 
pitch  and  roll  of  a  vessel  and  the  vibrations 
peculiar  and  inherent  to  shipboard  instal- 
lations. 

Appliances  constructed  to  make  use  of  the 
>f  gravity  for  the  operation  of  any  of 
their  functions  should  therefore  not  become 
unreliable  when  inclined  to  an  angle  (30  deg. 
adopted  by  the  Navy  Department)  in  any 
direction.  The  requirement  of  satisfactory 
operation  when  inclined  should  not  be 
confined  by  specification  to  gravity  operated 
devices,  these  being  cited  only  as  an  example; 
n  is  generally  understood  to  include  all 
automatic  and  magnetic  devices,  such  as 
contactors,  relays,  and  circuit  breakers. 

The  location  of  the  appliance,  the  method 
of  operation,  and  the  protection  it  should 
be  afforded  against  mechanical  injury,  salt- 
water immersion,  and  unauthorized  manip- 
ulation, as  well  as  the  provision  of  proper 
ventilation  during  service,  are  important  fac- 
overning   the  design   and   form    of   its 

housi: 

The  following  paragraphs  are  descriptive 
of  control  apparatus  suitable  for  marine 
sen.- ice: 


When  the  motor  to  be  controlled  does  not 
exceed  the  reasonable  limit  to  which  manually 
operated  controllers  are  applicable,  it  seems 
to  be  generally  more  satisfactory  to  employ 
the  hand-starter  type  of  panel  and  the  drum 
controller  as  these  are  more  readily  under- 
stood and  repaired  b\T  the  ship's  operating 
force  than  are  magnetic  equipment. 

Fig.  1  shows  a  compact  hand  starter,  suit- 
able for  the  control  and  protection  of  small 
motors  such  as  are  used  for  hull  ventilation 
fans  and  machine  tools.  Adjustable  speed 
is  obtained  by  means  of  field  control.  The 
omission  of  the  field  rheostat  makes  this  panel 
also  suitable  for  motors  without  speed  adjust- 
ment, such  as  fresh  water  or  other  small 
pumps. 

•  Overload  protection  is  provided  by  means 
of  enclosed  fuses,  and  two  spare  fuses  are 
included  and  mounted  in  clips  on  the  panel 
to  be  readilv  available  in  case  of  emergency. 


for  Hull  Vcntila 
Small  Motor: 


Fig.  1.     Non-watertight  Manual  Control! 
Pumps,  Machine  Tool  and  Miscell; 
Requiring  30  Amps. 


Low-voltage  protection  is  provided  in  the 
combination  of  contactor,  starting  dial  switch. 
and  scheme  of  wiring,  whereby  it  is  made 
necessary  after  a  shutdown  for  the  operator 
to  return  the  dial  arm  to  the  starting  position 
to  reset  the  contactor  and  again  start  the 
motor,  in  the  usual  manner,  by  the  manipula- 
tion of  the  dial  switch  arm  which  short  circuits 
the  starting  resistance  step  by  step. 

It  is  not  intended  that  the  speed  of  the 
motor  be  regulated  by  armature  control  and 
therefore  the  starting  resistor  is  not  of  suffi- 
cient thermal  capacity   to  stand  continuous 


CONTROL  EQUIPMENT  FOR  AUXILIARIES  IN  THE  MERCHANT  MARINE       157 


operation  without  attaining  excessive  temper- 
ature; so  to  guard  against  the  possibility  of 
running  the  motor  on  any  starting  button,  the 
dial  arm  handle  is  arranged  with  a  push 
contact  connected  to  the  operating  coil  circuit 
of  the  contactor,  making  it  necessary  for  the 
operator  to  maintain  this  circuit  during  start- 
ing. If  the  operator  removes  his  hand,  or 
relieves  the  pressure  upon  the  push  handle 
contact  before  reaching  the  full  running 
position,  the  contactor  will  be  de-energized 
and  open  its  contacts.  The  starting  operation 
will  then  have  to  be  repeated,  with  the  dial 
arm  brought  back  to  the  first  starting  button. 
The  panel  being  intended  for  interior  instal- 
lation is  mounted  in  a  ventilated  enclosing 
case  with  hinged  door  which  may  be  locked 
to  prevent  tampering. 

Fig.  2  is  a  drum  controller  of  the  non- 
watertight  type  and  to  all  appearances  is  a 
standard  commercial  product,  but  a  close 
examination  will  reveal  the  modifications 
which  have  been  incorporated  to  make  it 
suitable  for  the  exacting  conditions  that  have 
been  pointed  out.   These  modifications  usually 


Fig.  2.   Non-watertight  Drum  Controller,  for  Deck  Machinery, 

Engine-room   Auxiliaries  and   Miscellaneous  Motors 

Requiring  Over  30   Amp.,   Where   Installation 

Conditions  Permit  a  Non-watertight 

Controller 


include  brass  bushings  for  the  operating  shafts, 
and  making  non-corrodible  all  small  steel  parts, 
such  as  pins,  screws,  washers,  and  springs. 

Such  controllers  are  sometimes  installed 
below  deck  in  a  protected  location  and  are 
operated   from   a   weather   deck    station   by 


mechanical  means.  Handles,  working  in  a 
vertical  plane,  commonly  called  "pump 
handles,"  the  movement  of  which  corresponds 
to  the  desired  direction  of  movement  of  the 
load,  are  a  convenient  means  of  operating 
controllers  for  hoists  and  cargo  winches. 


Fig.  3.      Watertight  Drum  Controller,  for  Same  Purposes  as 

Non-watertight  Controller,  but  Where  Installation 

Requires  Watertight  Feature 

It  is  sometimes  desirable  to  locate  the 
drum  controller  on  the  deck  and  the  resistor 
below  deck  in  a  protected  place  or  in  a 
separate  enclosure  above  deck,  as  in  the  base 
casting  of  a  winch,  in  which  case  watertight 
drum  controllers  are  provided.  The  electri- 
cal equipment  of  cargo  winches,  windlasses, 
and  capstans  installed  on  the  weather  deck 
of  a  vessel  must  be  proof  against  leakage 
when  immersed  and  sufficiently  rugged  to 
withstand  the  wash  and  pounding  of  the  sea 
during  a  voyage. 

Fig.  3  shows  a  watertight  drum  con- 
troller capable  of  submersion  without  leak- 
age. The  non-corrodible  features  of  the 
internal  parts  as  well  as  the  clamping  devices 
are  adhered  to  in  this  type  of  controller  to 
the  same  extent  as  in  the  open  type. 

On  cargo  vessels  it  is  often  difficult  or  at 
least  impracticable  to  assign  a  sufficiently 
protected  location  in  which  to  install  the 
control  equipment  of  the  deck  machinery. 
This  fact  has  resulted  in  the  evolution  of  some 
very  unique  designs  of  units  comprising  drum 
controller,  protective  panel,  and  resistor  in 
watertight  housings,  for  installation  on  the 
weather  decks  to  control  the  cargo  winches, 
windlasses,  and  capstans. 
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Cargo  winches  arc  used  ordinarily  when  the 
vessel  is  at  a  dock  or  in  any  event  when 
cargo  hatches  are  open  and  therefore  at 
times  and  under  conditions  nol  exposing  the 
control  equipment  to  ; 
water.       Under    this    condition     watertight 


Fig.  4.      Watertight  Push-button  Station 

covered  ventilators  or  operating  doors,  giving 
the   equivalent   air   circulating   facilitie 
removing  the  heat  dissipated  by  the  resistor, 
are  arranged  to  be  readily  opened. 

When     the    capacity    of    the    equipment 
Is  the  practical  limit  for  drum  control- 
lers, watertight  master  controllers  and  push 
buttons  are  located  on  deck  and  their  magnetic 


Non-watertight  Magnetic  Controller,  for  Engine-room 
Auxiliaries,  and  Typical  of  Construction  of  Panels 
for  Magnetic  Control  of  Deck  Machinery 

in  some  compartment  below. 
i  is  a  watertight  push-button  station 
suitable  {or  marine  service  and  capable  of 
adaptation  to  the  requirements  of  the  system 
of  control  with  which  it  may  be  used.  That 
is.  it  :•  he  form  of  one,  two,  or  three 


but  tuns  arranged  to  perform  such  functions 
as  "Start,"  "Stop,"  "Forward,"  "Reverse," 
"  Hoist,"  or  "  Lower,"  or  any  combination  of 
these,  where  a  momentary  contact  making  or 
breaking  master  switch  is  applicable.     Thein- 

rioi    fittings  are  arranged   to  multiply  the 
comparatively  small  movement  of  the  operat- 
ing button  into  a  sufficiently  large  mm  i 
of  the  ci  mtacl  ti]  is, 

Fig.  .">  is  a  typical  automatic  panel  with 
non-watertight  enclosing  case,  suitable  for 
automatic  acceleration  of  large  pumps,  which 
may  be  arranged  to  start  by  a  local  switch 
or  push  button  or  remotely  by  either  of  these 
appliances.    The  selection  of  a  starting  switch 


>  Control  Magne 


r  Switch,  for  Weather  Deck  Mounting 
Controllers  of  Deck  Machinery 


i  ir  i  iush  button  depends  on  whether  the  equip- 
ment is  required  to  have  under-voltage 
release  or  under-voltage  protection.  In  the 
case  of  the  main  circulating  pump  it  is 
generally  desired  to  have  under-voltage 
release,  which  means  that  the  pump  will 
automatically  restart  without  delay  upon  the 
re-establishment  of  approximately  normal 
voltage.  This  method  requires  a  switch. 
Fig.  (i  illustrates  a  watertight  master 
switch  for  the  remote  control  of  a  magnetic 
panel  having  the  general  characteristics  of 
that  shown  in  Fig.  5.  This  master  switch  is 
not  only  watertight  but  practically  non- 
fragile,  its  base  and  frame  being  constructed 
of  malleable  iron  and  having  a  cover  made 
from  a  piece  of  steel  tubing  with  welded-in 
t<>])  plal e 
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The  external  connecting  leads  are  carried 
into  the  controller  in  the  form  of  a  multi- 
conductor  cable,  passing  through  a  stuffing 
tube,  located  in  the  base  plate,  for  which  a  drill- 
ing boss  is  provided.  The  rubber  gasket  is  in 
the  form  of  a  large  washer,  the  joint  made  by 
the  edge  of  the  cover  in  contact  with  it 
resembling  the  efficient  method  employed  in 
sealing  airtight  glass  preserving  jars. 

The  handle  is  arranged  to  connect  with  the 
cylinder  shaft  through  a  packed  gland  device 
permanently  carried  on  the  cover  head,  but 
the  handle  may  be  readily  removed  and  used 
to  operate  the  cylinder  when  the  cover  is  off,  if 
it  is  desired  to  inspect  and  check  the  adjust- 
ment of  the  fingers  in  contact  with  the  drum. 

Several  methods  of  electrically  controlling 
the  movements  of  the  rudder  by  power  from 
remote  stations  on  the  bridge  or  in  the  pilot 
house  have  been  developed,  and  all  of  these 
systems  necessarily  involve  the  use  of  the  most 
reliable  and  ruggedly  constructed  magnetic 
panels  and  master  switches  procurable. 

Fig.  7  illustrates  a  type  of  panel  suitable 
for  the  control  of  a  small  motor  which  may 
be  connected  directly  to  the  rudder  mechan- 
ism of  a  small  vessel,  but  more  often  to  the 
pilot  motor  connected  to  the  valve  gear  of  a 
steam  steering  equipment  in  which  case  the 
motor  acts  in  the  capacity  of  an  electric  tele- 


contactor  is  mechanically  interlocked  to  both 
reversing  contactors  so  that  interference  of 
the  braking  effect  cannot  exist  while  power 
is  being  applied  in  eitherdirectionof  operation. 
The  dynamic-braking  contactor  is  energized 
by    the    counter-electromotive   force    of    the 


Fig.  7.      Non-watertight,  Dust-proof  Enclosed  Magnetic  Controller, 
for  Small  Steering  Gear  or  Pilot  Motor  on  Large  Steering  Gear 


motor.  The  panel  referred  to  is  arranged  to 
run  the  motor  in  either  direction  and  to  stop 
the  motor  promptly  by  dynamic  braking. 

The  double-pole  reversing  contactors  are 
mechanically  interlocked  to  prevent  short 
circuit  on  the  line,  and  the  dynamic-braking 


Fig.  8.      Watertight    Master    Switch,    for    Control 

of  Frequently  Reversed  Magnetic  Controllers, 

Such  as  Steering  Gear 

motor  armature  which  renders  this  reversing 
and  dynamic-braking  unit  proof  against  the 
occurrence  of  that  severe  condition  of  rapid 
reversal  known  as  "plugging." 

Fig.  7  also  illustrates  a  type  of 
resistor  unit  having  desirable  char- 
acteristics to  recommend  its  use  in 
marine  installations,  being  con- 
structed of  non-corrodible  alloy 
high-resistance  wire  or  ribbon, 
wound  upon  porcelain  or  non- 
fragile  compound  insulators  as  de- 
sired, the  insulators  being  in  turn 
supported  by  a  punching  of  steel 
plate.  The  steel  plate  is  pro- 
tected from  corrosion  by  sherard- 
izing. 

This  panel  may  be  satisfactorily 
operated  by  a  small  but  rugged 
master  switch  as  shown  in  Fig.  8. 
Larger  master  switches  of  the  ped- 
estal type  for  mounting  upon  the 
deck  may  for  various  reasons  be 
preferred,  but  from  a  purely  elec- 
trical standpoint  the  small  master 
switch  is  duly  qualified. 
This  small  switch  is  watertight,  being 
designed  with  an  adjustable  stuffing  gland 
around  the  operating  shaft  and  a  screw-on 
cover  with  a  rubber-washer  gasket.  The 
entire  switch  is  composed  of  very  few  parts  all 
of  which  are  easily  accessible  for  removal  or 
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il  by  taking  off  the  cover.  The  frame 
and  cover  being  of  brass  eliminates  the 
liability  of  the  screw  threads  of  the  cover 
corroding  and  "freezing"  the  cover  on. 

Wati  rtight  limit  switches  for  stopping  the 
motor  when   the  rudder  has  reached  either 


i?l> 
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"ig.  9. 

Direct-current 

Contactor  with  Series 

Curren 

t-!imit      Inter- 

loc 

k 

Fig.  10.      Spring  Adjustable  Cu 
rent-limit  Contactor 


extreme  angle  of  movement  are  provided 
with  steering  gear  equipments  when  the 
system  of  control  is  such  as  to  require  them. 
These  limit  switches  are  quite  similar  in  con- 
struction to  the  master  switches,  but  have  an 
operating  arm  carrying  a  roller  at  the  engag- 
ing end. 

Cast-grid  units  mounted  upon  insulated 
tie  rods  form  the  most  practical  and  durable 
resistors  for  heavy  starting  and  speed  regulat- 
ing duty.  Such  resistors  may  be  assembled 
in  pressed-steel  end  frames  having  feet  or 
lugs,  thus  forming  sections  adapted  for  mount- 
ing on  bulkheads,  on  the  under  side  of  decks 
or  for  stacking  one  above  the  other.  A  very 
convenient  method  of  stacking  is  to  provide 
a  structural  angle  frame  upon  which  the 
sections  may  rest  and  be  secured  but  permit- 
ting of  the  removal  of  any  section  without 
disturbing  the  others. 

For  smaller  ampere  capacities  and  higher 
ohmic  values,  the  units  described  in  con- 
nection with  Fig.  7  have  given  very  satis- 
factory service. 

Fig.  9  shows,  in  greater  detail  than  can 
Fig.  5,  a  typical  direct-current 
contactor  with  series  current-limit  interlock 
attached.  The  current-limit  interlock  is 
mechanically  restrained  from  prematurely 
closing  its  contacts  by  its  interlocking  with 
the  moving  element  of  the  contactor,  thus 
correct  sequence  of  closing  of  the  contactor 
which  the  relay  governs  is  assured  as  well  as 


at  the  proper  current  values.  Mechanical 
and  electrical  interlocks  are  readily  attached 
to  this  type  of  contactor  to  facilitate  the 
working  out  of  protective  and  co-operative 
schemes  with  its  application. 

The  contactor  shown  in  Fig.  1(1  is  typical 
of  a  line  of  spring  adjusted  series  current- 
limit  contactors.  A  contactor  of  this  type 
automatically  short-circuits  a  step  of  the 
starting  resistor  as  the  motor  accelerates. 
It  is  operated  directly  by  the  motor  current  in 
such  a  way  that  it  remains  open  on  high 
values  of  current  and  closes  at  a  predeter- 
mined adjusted  value  which  occurs  upon 
sufficient  acceleration  of  the  motor. 

A  noteworthy  example  of  an  application 
of  this  type  of  contactor  is  in  the  series  cur- 
rent-limit starting  panel  shown  in  Fig.  11. 
This  panel  is  designed  for  the  purpose  of 
keeping  the  accelerating  peaks  of  fan,  blower, 
and  pump  motors  within  the  limits  for  which 
the  fuses  are  suitable  to  protect  the  motor 
under  normal  conditions,  when  these  auxil- 
iaries are  remote  from  the  distribution 
switchboard  at  which  they  are  started  and 
stopped  by  simply  closing  or  opening  a  fused 
line  switch. 

The  panel  is  novel  in  its  design  in  the 
following  particulars : 

(a)  The  electrical  parts  are  assembled  and 
wired  as  a  unit  which  may  be  removed 
from  the  case  by  the  removal  of  two 
bolts. 


Fig.  11.    Series  Current-limit 
Starting  Panel 


Fig.  12.     Universal 
Overload  Relay 


(b)  The  electrical  unit  is  so  supported  in 
the  case  that  all  connections,  front  and 
back,  are  readily  visible  and  accessible. 

i  c  i  The  contactors  are  entirely  outside  the 
case,  when  the  cover  is  removed,  thereby 
affording  exceptional  facilities  for  mak- 
ing adjustments. 
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(d)  The  terminal  studs  are  arranged  to 
support  the  leads  and  no  drilling  or 
bushing  is  required  in  making  the 
installation. 

(e)  The  enclosing  case  is  proof  against  the 
entrance  of  water  which  may  drip 
upon  it. 

(f)  The  enclosing  case  and  cover  are  each 
developed  from  one  piece  of  heavy  sheet 
steel   with   welded   joints. 

The  case  and  cover  are  sherardized  after 
welding.  The  flange  of  the  cover  is  made  to 
engage  the  flange  of  the  box  tightly  when  in 
place  by  the  flat  roll  springs  shown  attached  to 
the  angle-iron  supports. 

The  case  is  furnished  without  feet  or  lugs 
and  is  undrilled  for  supporting  screws  or 
rivets.  In  making  the  installation  on  board 
a  vessel,  the  electrical  unit  is  removed  and 
retained  in  safe-keeping  by  the  electrician 
and  the  enclosing  case  delivered  to  the  ship 
fitters  for  securing  in  place.  The  box  may 
be  bolted  or  riveted  to  the  ship's  structure 
with  an  insertion  of  canvas  soaked  in  red  lead, 
and  afterwards  painted  as  a  part  of  the 
structure.  This  method  of  attaching  the 
panel  case  eliminates  possibilities  of  areas  on 
both  the  case  and  bulkhead  which  are  inac- 
cessible   for    the    application    of    the    usual 


periodical  coats  of  paint  for  the  preservation 
of  the  steel. 

After  all  structural  and  painting  work  is 
complete  it  is  a  simple  matter  to  place  the 
electrical  unit  in  the  box,  connect  the  external 
leads  to  the  terminal  studs  and  attach  the 
sliding  cover. 

A  universal  relay  for  overload  protection  is 
shown  in  Fig.  12.  This  relay  is  available  in 
forms  to  provide:  instantaneous  or  inverse 
time-element  release;  resetting  by  gravity, 
electricity,  or  hand ;  may  be  used  with  direct  or 
alternating  current;  and  may  be  fitted  with 
ordinary  service  or  extreme  shock  proof  latch. 
Both  timeand  current  functions  are  adjustable. 

The  foregoing  is  a  resume  of  s  .me  of  the 
types  of  electric  appliances  which  have  been 
evolved  to  fill  a  comparatively  recently 
created   field    of   application. 

The  superiority  of  electric  drive  for  ships' 
auxiliaries,  while  being  recognized  in  the  past, 
has  not  been  taken  advantage  of  to  as  great 
an  extent  as  its  merits  invite,  probably 
accounted  for  in  a  large  degree  to  the  un- 
developed state  of  suitable  equipment. 

With  the  impetus  now  gathered  in  this 
direction  we  may  reasonably  expect  that  the 
merchant  marine  electrification  of  auxiliaries 
will  in  the  future  keep  pace  with  other  indus- 
trial electrifications. 


Spring  Thrust  Bearings  for  Propeller  Shafts 

By  T.  W.  Gordon 
Alternating-current  Engineering  Department,  General  Electric  Company 


The  General  Electric  Review  for 
February,  1919,  contained  an  article  on 
"Single-Collar  vs.  Multi-Collar  Thrust  Bear- 
ings for  Propeller  Shafts,"  in  which  Mr.  H.  G. 


Reist  pointed  out  the  advantages  of  a  single- 
collar  thrust  bearing.  It  was  shown  that  the 
friction  loss  in  a  single-collar  thrust  bearing  is 
much  less  than  that  of  the  multi-collar  horse- 


Fig.  1.     Spring  Thrust  Bearing  and  Housing  with  Dummy 
Shaft  for  Marine  Propeller  Shaft 


Spring  Thrust  Bearing  Showing  Method  of  Attaching"] 
Rotating  Ring  of  Bearing  to  the  Shaft 
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use  for  many  years.  The  use  of  single-collar 
thrust  bearings  has  proved  that  it  is  safer  to 
carry  the  load  on  a  single  hearing  with  high 
unit  pressure  thai  obtain  a  low  unit 

pressure  by   mor  unsuccessful   dis- 

tribution over  six  or  more  hearings.  The 
dimensions,  weight,  and  first  cost  of  a  single- 
collar  hearing  are  less  than  for  a  multi-collar 

ing- 

The  ported  thrust  bearing  to  be 

ingle-collar   bearing.      Two 

-  will  be  shown,  one  in  which  the  thrust 

bearing  parts  are  in  a  housing  for  installation 

between  the  engine  or  driving  motor,  and  the 

propeller;  and   another  design   in  which  the 

thrust  hearing  parts  are  located  at  the  for- 


ag  rings.     These  rings    I  i  made 

in  halves  and.  in  addition  to  being  of  light 
weight,  they  have  only  one  side  polished. 
The  rings  arc  therefore  easily  assembled  on 
the  shaft  or  stored  as  spare  parts.  The 
rotating  rings  arc  held  in  the  recesses  in  the 
shaft  flange  by  small  bolts. 

The  thrust  from  the  propeller  shaft  is 
received  by  the  stationary  babbitted  rings 
and  transmitted  through  springs  to  the 
thrust  bearing  housing.  Aninitialcompression, 
which  corresponds  to  about  double  the 
normal  propeller  thrust,  is  put  on  the  springs 
by  a  screw  and  washer.  Any  very  high  local 
pressures  that  may  occur  on  the  bearing  due 
to  inaccuracies  in  workmanship  or  alignment 
will  be  relieved  by  a  further  compression  of 


Fig.  3.      Longitudinal  Section  of  Spring  Thrust  Hearing 
and  Housing  for  Marine  Propeller  Shaft 


ward  end  of  the  shaft  in  a  housing  integral 
with  the  motor  shield  or  reduction  gear  casing. 
Fig.  3  shows  a  cross-section  view,  and 
Figs.  1  and  2  are  photographs  of  a  spring- 
thrust  bearing  and  its  housing  which  will  be 
installed  on  the  electrically  propelled  U  .S.  Coast 
Guard  Cutters.  The  propeller  shaft  has  a 
solid  flange  which  is  recessed  on  both  sides  to 
receive  the  rotating  rings  of  the  ahead  and 
astern  thrust  bearings.  This  construction 
has  advantages  over  a  double-faced  runner, 
made  in  halves  and  clamped  around  the  shaft. 
For    '.  eller    shafts    the    two-faced 

runner  is  heavy,  and  in  storage  or  in  assem- 
n  the  shaft  there  is  a  great  danger  of 
tig   the   two  polished  rubbing  surf) 

pr<  i]  idler  shaft  pro- 
light  runners,  or 


the  springs  at  the  points  where  the  abnormal 
pressures  occur.  The  initially  compressed 
springs  act  like  a  series  of  safety  valves  behind 
the  babbitted  plate  and  provide  a  support 
which  will  yield  at  any  point  before  the 
pressure  reaches  a  value  that  will  cause 
dragging  of  the  babbitt.  The  thrust  bearing 
as  a  whole  will  remain  solid  and  will  not  move 
until  very  much  overloaded.  In  case  of  a 
very  heavy  momentary  thrust  or  blow  on  the 
propeller,  all  the  springs  will  yield  slightly 
and  the  blow  be  absorbed  in  a  movement  of 
the  shaft.  The  relieving  of  heavy  shocks  by 
the  cushioning  effect  of  the  springs  will 
greatly  diminish  the  chances  of  wiping  the 
babbitted  surface. 

The   maximum   movement  of  the  springs 
is    limited    to  ^    inch  before    the  babbitted 
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plate  will  come  against  stops.  These  positive 
stops  guard  against  any  objectionable  axial 
movement  of  the  propeller  shaft,  which  might 
occur  in  a  bad  storm,  and  also  prevent  the 
springs  from  closing  too  tightly.  If  the 
flexible  babbitted  stationary  ring  is  ever 
pushed  back  ^-  inch  against  the  stops,  the 
babbitt  in  line  with  the  stops  will  not  be  dam- 
aged because  the  pressure  on  the  stops  will 
only  be  the  difference  between  the  thrust  and 
the  total  supporting  power  of  all  the  springs. 

Two  journal  bearings  are  provided  in  the 
thrust  bearing  housing  to  carry  the  weight  of 
the  section  of  the  propeller  shaft  near  the 
thrust  bearing.  Oil  deflectors  turned  on  the 
shaft,  just  outside  the  journal  bearings, 
throw  from  the  shaft  the  oil  which  passes 
through  these  bearings.  The  oil  is  collected 
in  a  chamber  below  and  conveyed  to  a  sump 
tank,  together  with  the  oil  discharged  through 
the  overflow  pipe  from  the  thrust  bearings 
in  the  center  of  the  housing. 

Fig.  1  shows  a  photograph  of  one  of  the 
bearings,  with  a  dummy  shaft,  for  the  U.S. 
Coast  Guard  Cutters.  The  same  bearing  is 
also  shown  in  Fig.  2  with  the  top  half  of  the 
housing  removed.  One  half  of  the  rotating 
ring  of  the  thrust  bearing  at  the  left  has  been 
removed  and  also  the  top  half  of  the  bab- 
bitted plate,  springs,  and  journal  bearing. 
It  is  not  necessary  to  remove  the  upper  half 
of  the  housing  to  install  a  new  set  of  babbit- 
ted rings  and  rotating  rings.  This  work  can 
be  done  with  the  upper  part  of  the  housing  in 
place  by  removing  the  light  cover  which  is 
bolted  to  the  top  of  the  housing. 

Fig.  2  shows  the  spring-thrust  bearing 
located  at  the  forward  end  of  the  shaft  of  the 
propulsion  motor  on  theS.S.Cw&a.  A  full  view 
of  the  forward  end  of  the  complete  motor  will 
be  found  elsewhere  in  this  issue  in  an  article 
by  E.  S.  Henningsen.  This  bearing  is  con- 
tained in  the  end  bracket  of  the  motor,  which 
is  specially  designed  to  transmit  the  thrust 
to  the  motor  frame  and  foundations.  When 
the  thrust  bearing  is  at  the  end  of  the  shaft, 
it  is  possible  to  use  a  bearing  smaller  in  diam- 


eter by  reducing  the  size  of  the  shaft.  The 
runner  in  this  bearing  is  a  solid  ring,  polished 
on  both  sides.  It  is  assembled  on  the  end  of 
the  shaft  and  held  in  place  by  a  plate  and 
several  bolts,  or  by  one  large  nut.  The 
flexible  babbitted  rings  are  similar  to  those 


Fig.  5.      Spring  Thrust  Bearing  for  Propeller  Shaft  of  S.S.  Cuba 

The  thrust  bearing  is  at  the  forward  end  of  the  shaft 

in  the  bracket  of  the  driving  motor 


for  the  bearing  in  Fig.  3  except  that  it  is  not 
necessary  to  make  them  in  halves.  These 
spring  thrust  bearings  are  immersed  in  a  bath 
of  oil.  For  the  larger  sizes,  oil  is  supplied 
continuously  from  an  external  system.  The 
incoming  oil  keeps  the  housing  full  at  all 
times  and  carries  off  the  frictional  heat  from 
the  bearing.  The  type  of  bearing  shown  in 
Fig.  4  may  also  be  used  to  advantage  in  a 
housing  integral  with,  or  bolted  to,  a  reduction 
gear  casing. 


Fig.  4.      Stationary  Babbitted  Ring.  Rotating  Ring  and  Springs  of  a  Spring  Thrust  Be 
for  Marine  Propeller  Shafts 
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Switchboards  for  Merchant  Ships 

By  I'.  J.  Wiiitmore 
Switchboard  Department,  General  Electric  Compan\ 


A  consideration  of  switchboard 
merchant  ships  brings  to  attention  two 
differing  in  appearance  and  function      One 
controls   the   electric  propulsion  machinery, 
and  i  he  oth  ircuits, 

and    each    type   may    be   viewed    merely   as 
lany  varied  forms  oi    panels 
which  have  been  developed  to  meet   particu- 
lar and  exacting  requirements. 

Switchboards  for  the  Control  of  Electric  Propulsion 
Machinery 

distinction  is  rather  well  defined 
en  the  switchboards  used  to  control 
electric  propulsion  machinery  and  those  used 
to  control  the  general  distribution  circuits. 
This  is  due  to  the  use  of  alternating  current 
for  the  propulsion  machinery,  to  the  relatively 
capacity  and  the  comparatively  high 
voltage  of  the  apparatus  controlled,  and  to 
the  added  requirements  of  controlling  tur- 
bines, generators,  and  motors  for  maneuver- 
ing the  ship. 

A  typical  switchboard  for  the  control  of 
propulsion  equipment  on  a  merchant  ship  is 
shown  iit  Fig.  1.  The  turbine  and  electrical 
machinery  are  controlled  entirely  from  this 
board.  By  an  arrangement  of  contactors 
mounted  above  the  switchboard  proper,  the 

rical  connections  are  made  and  broken 
between  the  turbine  generators  and  the  pro- 
pulsion motors.  The  panel  in  the  lower 
right-hand  side  is  for  the  control  of  auxiliary 
circuits  used  in  connection  with  the  propel- 

equipment.     These  switches  are  of  the 
dead-front  type  and  are  further  illustrated  in 
A  detailed  description  of  the  propul- 
sion control   functions  of  such   switchboards 
is  given  in   R.   Stearns'  article  in  this  issue 

Switchboards  for  the  Control  of  General  Distribution 
Circuits 

On  ships  equipped  with  electric  auxiliaries, 

ilying  the  power  may 

be  of  considerable  and   therefore  a 

feeder  circuits  may   1 
quired. 

i    dead-front  board   for  the 
and   a 
balano  well  as  the  control  for  the 

distribution  of  power  and  lighting  throughout 
'  ing  features  of  switch- 
board ;    follows: 


:i  lever  switch  is  of  the  dead-front 
variety  and  is  a  unit  in  itself.  It  is  mounted 
in  the  switchboard  by  four  bolts,  one  in  each 
corner  of  the  supporting  steel  plate.  The 
switch  can  be  locked  in  the  i 
a  padlock,  the  loop  of  which  is  passed  through 
a  hole  in  the  operating  handle.  A  steel  cover 
allows  access  to  the  fuses  from  the  front  of  the 
panels,  but  only  when  the  switch  is  open.    The 


Fig.  1.      Typical  Switchboard  for  the  Control  of  the  Apparatus 
and  Circuits  on  an  Electrically  Propelled  Vessel 

mechanical  construction  prevents  closing  the 
switch  while  the  fuse  cover  is  open.     When- 
he  switch  is  open  the  fuses  are  dead  and 
can  lie  examined  or  replaced  without  danger. 
With    feeder    switches    of    the    dead-front 
onnections  between    switches  and 
bn-   bars  can  be  made  advantageously  and 
til    a  convenient  and  compact  arrange- 
ment.      The    ends    of    the    switchboard    are 
enclosed  with  grille  work  and  means  for  en- 
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tering  is  provided  by  placing  doors  at  both 
ends. 

The  dead-front  circuit  breaker  used  on  this 
board  is  in  general  construction  the  same  as 
the  standard  type  of  air  circuit  breaker,  the 
difference  being  that  the  operating  handle  is 
modified  and  the  magnetic  blow-out  coil  is 
omitted.  The  breakers  are  mounted  back 
of  the  board  and  provision  is  made  for 
tripping  them  manually  by  means  of  a  but- 
ton from  the  front  of  the  switchboard.  They 
are  accessible  when  the  steel  panel  in  front 
of  the  breaker  unit  is  removed.  Each  breaker 
is  closed  in  the  same  manner  as  the  usual 
type  of  manually  operated  overload  air  cir- 
cuit breaker. 

As  electricity  comes  into  general  use  on 
vessels  more  attention  will  be  paid   to  the 


( 2 )  The  framework  for  securing  the 
panels  in  position  should  be  of 
angle  iron  and  firmly  supported. 

(3)  Compactness  of  arrangement  of 
apparatus  is  very  essential. 

(  I )  Packing  should  be  provided  between 
the  panels  and  framework  to  take 
up  any  inequalities  between  the 
panels  and  the  angle-iron  supports 
and  to  relieve  the  panels  from 
strains  due  to  vibration. 

(5)  Metal  parts  of  the  switchboard 
should  be  non-corrodible. 

(6)  Suitable  means  should  be  employed 
to  prevent  terminals  and  other  parts 
from  becoming  loosened  by  vibra- 
tion. 
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A  Dead-front  Switchboard  for  Control  of  Two  Auxiliary  Generators  and  Balancer  Set  and  for 
Distribution  of  Power  and  Lighting  Aboard  Ship 


safety  features  and  eventually  boards  of  this 
dead-front  type,  affording  protection  at  all 
times  to  the  operator,  will  become  standard 
for  this  class  of  installation. 

Requirements  for  Sea  Service 

The  assembly  and  arrangement  of  appara- 
tus and  equipment  has  been  touched  upon, 
but  the  differences  in  equipment  for  sea 
service  and  land  service  have  not  been  shown. 
The  essential  qualifications  for  sea  service 
are: 

(1)  Instruments  should  be  moisture 
proof  and  have  non-corrodible  metal 
parts  to  resist  the  effect  of  sea  air. 


Auxiliary      Distribution      Switchboards      of     Small 
Capacity 

On  vessels  where  the  auxiliary  generators 
do  not  exceed  25  kw.  capacity,  the  switch- 
board is  comparatively  simple. 

Fig.  3  shows  a  view  of  a  typical  stand- 
ardized panel  which  has  been  in  general 
use  for  this  class  of  service.  These  panels  are 
suitable  for  the  control  of  either  one  or  two 
generators  and  a  number  of  feeder  circuits 
depending  upon  the  requirements  of  the 
auxiliaries.  They  may  be  equipped  either 
with  air  circuit  breakers  in  the  generator  con- 
trol circuit,  as  shown  on  the  two-circuit  gen- 
erator control  panel  of  Fig.  3  or  with  fused 
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lever   switches   only.      All  equi]  ment   fully 
the  requii  rvice  and 

-ins  with  the  regulations  of  the  American 
Bureau  of  Shipping. 

The   generator   sections   arc   standardized. 
There  arc  only  two  layouts,  one  for  the  con- 


at  some  distance  from  the  main  switchboard, 
the  safety  enclosed  lever  switch  shown  in  Fig. 
I  may  be  used  to  advantage.  These  switches 
may  be  mounted  on  bulk-heads,  stanchions, 
or  other  places  convenient  to  the  motor. 

The  boxes  are  of  heavy  sheet  steel  and  have 
non-corrodible  finish.  The  switch  cannot  be 
closed  while  the  fuse  compartment  is  open  and 
a  cam  on  the  operating  handle  prevents  open- 
ing the  fuse  compartment  when  the  handle  is 
in  the  closed  position.  The  switch  is  exter- 
nally operated  and  the  current  carrying  parts 
are  completely  enclosed  and  inaccessible 
w-hile  alive.  The  on  and  off  positions  of  the 
switch  are  indicated  on  the  box  or  cover. 

Padlocks  can  be  used  to  lock  the  switch  in 
the  open  position  and  also  to  prevent  the 
switch  compartment  from  being  opened 
except  by  an  authorized  person. 

Inasmuch  as  the  control  of  electrical  cir- 
cuits on  board  modern  merchant  ships  has 


I 


Fig.  3.      Typical  Auxiliary  Distribute 
Switchboard  for  Small  Capacity 
Circuits 


trol  of  a  single  generator  and  the  other  for  two 
generators.  The  radio  and  searchlight  feeder 
circuits  are  always  present  on  any  of  these 
vessels  and  are  mounted  on  the  generator 
section. 

Tin  nons  are  also  standardized 

and  a  section  carrying  the  proper  number  of 
switches  can  be  assembled  with  either  of  the 
generator  sections. 

The  wiring  connections  in  Fig.  5  are  for  two 
generators  and  twelve  feeder  circuits  and  are 
typical  for  panels  of  this  type. 

Safety  Enclosed  Unit  Lever  Switches  Used  on  Vessels 

Where  line  switches  and  fuses  are  required 
for  controlling  individual  motors  below  deck 


D  C  Generator 


Fig.  5.      Wirir 
and  Twel 


g  Diagram  for  Control  of  T 


DC  Generator 


Generators 
Field  Circuits,  Typical  for  Type  of 
Panel  Shown  in  Fig.  3 


become  so  important,  it  is  quite  necessary 
that  adequate  switching  facilities  be  provided. 
The  apparatus  which  has  been  described 
accomplishes  this  purpose  and  contributes  in 
a  large  measure  toward  the  successful  opera- 
tion of  the  other  electrical  equipment  on 
merchant  ships. 
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Electric  Auxiliaries  for  Merchant  Vessels 

By  C.  H.  Giroux 
Marine  Engineering  Department,  General  Electric  Company 


In  any  industry  there  is  a  tendency  to 
hesitate  about  adopting  new  developments 
that  may  eventually  revolutionize  existing 
methods.  Nowhere  has  this  been  illustrated 
better  than  in  the  equipping  of  merchant 
vessels  all  over  the  world.  On  a  large  per- 
centage of  ships  electricity  is  being  used  only 
for  lighting  and  signaling.  While  such  equip- 
ment is  a  convenience  and  contributes  to 
safety  it  does  not  represent  a  saving  to  the 
owners  except  perhaps  in  lowering  the  insur- 
ance rate. 

The  'other  auxiliaries  on  these  vessels  are 
driven  directly  by  steam  and  the  apparatus 
in  most  cases  is  of  a  design  that  does  not  per- 
mit the  use  of  its  expansive  properties.  The 
losses  due  to  radiation  of  heat  from  a  system 
of  this  kind  are  enormous. 

A  manufacturing  plant  equipped  in  such  a 
way  would  be  very  much  out  of  date  and 
would  not  be  able  to  compete  with  a  plant 
which  takes  full  advantage  of  modern  methods 
and  apparatus. 

In  the  present  state  of  the  electrical 
industry  many  intricate  power  systems  are 
dependent  upon  an  unfailing  supply  of 
electrical  energy  and  any  failure  may  mean 
a  great  loss  of  money,  good  will,  or  perhaps 
lives.  The  fact  that  such  systems  have  been 
made  possible  is  assurance  enough  to  warrant 
the  adoption  of  electricity  on  merchant  ships. 
The  Navy  Department  has  for  many  years 
used  electrical  apparatus  on  war  vessels,  and 
there  reliability  is  of  paramount  importance. 

By  observing  proper  precautions  in  the 
selection  and  installation  of  electrical  equip- 
ment and  by  giving  it  the  ordinary  amount  of 
intelligent  inspection  and  care,  no  one  need 
be  skeptical  about  its  successful  performance. 

There  is  great  danger  at  the  present  time, 
however,  when  such  applications  are  not 
generally  understood,  that  apparatus  not 
designed  for  marine  use  will  be  purchased 
by  manufacturers  of  auxiliary  machinery,  by 
shipbuilders,  or  by  ship  owners.  Such  appa- 
ratus is  very  likely  to  give  unsatisfactory 
service,  and  tends  to  create  a  prejudice 
against  the  general  use  of  electricity  on  ship- 
board. 

In  choosing  the  auxiliary  equipment  the 
individual  requirements  of  the  vessel  must  be 
carefully  considered  in  order  to  obtain  the 
best  results. 


It  is  often  possible  to  use  the  same  kind  and 
size  of  electrical  equipment  for  a  number  of 
applications.  This  arrangement  is  desirable, 
because,  in  case  of  accident  to  one  of  the 
auxiliaries  necessary  to  the  operation  of  the 
ship,  the  equipment  of  one  of  the  other  units 
can  be  quickly  substituted. 

The  type  of  propelling  machinery  used  has 
a  great  effect  upon  the  auxiliaries.  For 
instance,  the  auxiliary  equipment  for  a  motor- 
ship  will  differ  greatly  from  that  of  a  steam- 
ship, and  again  there  will  be  a  difference 
between  the  auxiliaries  of  a  ship  driven  by  a 
steam  turbine  and  those  of  one  using  a  recip- 
rocating engine. 

In  the  case  of  the  motor-ship,  the  advan- 
tages of  electric  drive  for  auxiliaries  are  more 
apparent  than  in  the  steamship  but  are  none 
the  more  real. 

As  an  example  of  the  magnitude  of  the 
saving  in  the  case  of  a  motor-ship  while  at 
sea,  there  are  given  in  Table  I  the  results 
obtained  on  the  Benowa  and  Cethana,  the 
former  equipped  with  electric  auxiliaries 
and     the     latter     with     steam     auxiliaries. 


Benowa 

Cethana 

Net  registered  tonnage  .  . 

1788 

1800 

Propulsion 

Two500-h.p. 

Two500-h.p. 

Diesel 

Diesel 

Engines 

Engines 

Average    daily   fuel   com- 

sumption;  main  engines 

1350  gal. 

1365  gal. 

Average    daily    fuel    eon- 

sumption  ;  donkey  boiler 

557  gal. 

Average    daily    fuel    eon- 

sumption;  auxiliary  en- 

gines  

42.5  gal. 

Total  daily  fuel  consump- 

tion  

1392.5  gal. 

1922  gal. 

Per  cent  of  total  fuel  used 

for  auxiliaries 

3.4% 

29% 

These  figures  show  a  saving  of  approximately 
25  per  cent  in  fuel  consumption  due  to  elec- 
tric auxiliaries.  Examination  of  the  records 
of  other  ships  shows  a  similar  percentage  gain. 
The  actual  figures  of  steam  consumption 
of  steam-driven  auxiliaries  on  steamships 
while  at  sea  are  very  difficult  to  obtain  be- 
cause there  is  no  ready  way  to  segregate  the 
auxiliary  steam  from  that  used  for  the  pro- 
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pelling  machinery.  The  best  that  can  be  done 
is  to  estimate  the  horse  power  requirements 
and  choose  a  reasonable  water-rate  per  hi  in  e 
hour.  Taking  a  ease  typical  of  most 
steamships  using  electric  drive  or  other 
economical  propelling  machinery,  it  is  found 


that  the  steam  consumption  of  the  auxiliaries 
is  about  30  per  cent  of  the  total  steam  used. 

By  properly  choosing  electrical  equipment 
to  replace  the  steam  auxiliaries  and  by  work- 
ing out  the  most  economical  heat  balance,  it  is 
possible  to  reduce  the  steam  used  for  auxiliary 
purposes  to  less  than  15  per  cent. 

Because  the  limited  space  allotted  to  this 
article  does  not  permit  of  a  discussion  of  the 
individual  precautions  to  be  taken  in 
selecting,  installing,  operating,  and 
maintaining  electric  auxiliaries,  the 
importance  of  these  factors  must  be 
indicated  by  the  statement  that  they 
may  spell  the  success  or  failure  of  any 
installation. 

Generating  Plant 

On  steamships  where  only  a  small 
amount  of  power  is  required,  as  for 
lighting,  etc.,  steam  engine  driven  gen-  Fjg, 
erating  sets  have  been  very  popular. 
Usually  two  of  these  have  been  installed 
on  each  ship  so  as  to  provide  a  spare  unit. 
A  modern  unit  of  this  type  is  shown  in  Fig.  1. 

On  ships  carrying  considerable  electrical 
equipment,  compact  units  of  large  capacity 
and  high  efficiency  are  necessary.  These 
are    turbine  driven    on    steamships    and    oil 


engine  driven  on  motor-ships  An  auxiliary 
turbine-generator  unit  suitable  for  shipboard 
installation  is  shown  in  Fig.  2,  and  a  repre- 
sentative oil  engine  generating  set  for  use  on 
a  motor-ship  is  shown  in  Fig.  3. 

Switchboards 

A  description  of  some  of  the  modern  switch- 
boards developed  for  controlling  electric 
auxiliaries  is  included  in  the  article  of  P.  J. 
Whitmore  in  this  issue. 

Pumps 

Without  going  fully  into  the  merits  and 
uses  of  the  various  kinds  of  pumps  which  are 
on  the  market,  it  is  sufficient  to  say  that 
centrifugal  pumps  are  the  best  adapted  for 
electric  drive  and  they  should  be  used  wher- 
ever possible.  These  pumps  can  be  run  at  a 
relatively  high  speed  direct  connected  to  small 
motors,  thus  eliminating  gears.  Pumps  of 
this  character  can  be  throttled  without  over- 
loading the  motors  and  without  danger 
of  injuring  the  equipment  from  high 
pressure. 

There  are  applications  on  every  vessel 
where,  due  to  requirements  for  high  pressure 
or  high  suction  heads,  reciprocating  pumps 
are  necessary.  These  are  geared  by  a  single 
or  double  reduction  to  motors  running  at 
moderate  speeds. 

Gear  or  rotary  pumps  have  proved  very 
valuable  for  some  uses  on  shipboard.  In  the 
small  sizes  these  are  usually  designed  to  run 
at  a  sufficiently  high  speed  for  direct  con- 
nection to  the  motor. 

Pumps  which  run  at  constant  speed  should 
be  mi  ployed  wherever  possible.     While  it  is 


Compact  Efficient  Turbine  Generator  Set  for  Vessels  Carrying 
Considerable  Electric  Equipment 

perfectly  possible  to  provide  motors  with 
speed  control,  this  feature  in  most  cases 
increases  the  size  and  cost  of  the  motor  and 
complicates  the  control  apparatus. 

For  driving  pumps  under  the  severe  con- 
ditions   encountered    on    shipboard,  motors 
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of  the  type  shown  in  Fig.  4  have  been  de- 
veloped. These  operate  on  direct  current, 
are  enclosed,  and  are  self  ventilated.  The 
air  is  drawn  in  at  the  commutator  end  through 
a  cowl  and  discharged  through  the  involute 
at  the  coupling  end  by  a  radial  fan. 

Screens  placed  over  the  ventilating  open- 
ings prevent  foreign  material  from  being 
drawn  in  when  the  motors  are  in  use  and  keep 
rats  from  building  nests  and  gnawing  the 
insulation  if  the  motors  are  out  of  use  for 
some  time. 

The  hinged  doors  on  each  side  give  easy 
access  to  the  commutator  and  brushes,  but 
when  closed  bear  against  rubber  gaskets, 
thus  keeping  out  water. 

The  bearings  of  these  motors  are  designed 
to  operate  continuously  when  the  motor  is 
tipped,  at  an  angle  of  15  deg.  in  any  direction, 
without  spilling  oil  or  overheating. 

The  insulation  is  made  practically  imper- 
vious to  moisture;  and  all  small  parts  are 
made  either  of  non-corrodible  material  or 
rendered  non-corrodible  by  sherardizing. 

A  very  important  application  on  tank 
vessels  is  the  cargo  oil  pump.  Here  the 
problem  of  electrification  is  complicated  by 
the  danger  of  igniting  the  oil  vapor  by  sparks 
from  the  motor  or  control  apparatus.     For 


this  reason  a  number  of  ships  have  been 
equipped  with  squirrel-cage  induction  motors. 
In  some  cases  these  have  been  located  in  the 
pump  rooms  directly  at  the  pumps;  in  others, 
they  have  been  located  above  deck  and  con- 
nected to  the  pumps  by  shafting.     In  both 


cases  the  control  equipment  has  been  located 
in  the  engine  room,  the  ammeters  being  relied 
upon  to  indicate  the  performance  of  the 
motors. 

On    a    number    of    vessels    recently    built 
direct-current  motors  have  been  installed  in 


for  Use  Aboard  Ship 


the  pump  rooms.  Fresh  air  is  forced  through 
the  motors  by  motor-driven  ventilating  sets 
above  deck.  As  there  is  a  positive  pressure 
on  the  interior  of  the  motor,  explosive  gas 
cannot  enter  and  be  ignited  by  sparks  at  the 
commutator. 

The  control  equipment  is  located  above 
deck  in  a  specially  constructed,  well  ventilated 
room,  and  is  so  interlocked  that  the  cargo 
pump  cannot  be  started  until  the  blower  is 
up  to  full  speed. 

The  control  for  pump  motors  may  in  general 
be  either  magnetic  or  manual.  While  the 
magnetic  control  operated  by  push  buttons 
is  very  convenient  for  the  operator,  much  may 
be  said  in  favor  of  the  simplicity  of  manual 
control  for  motors  of  small  power. 

Air  Compressors 

On  motor-ships,  the  air  compressors  which 
supply  the  starting,  maneuvering  and  fuel 
injection  air  make  up  a  very  important  part 
of  the  auxiliary  installation.  For  small  com- 
pressors the  same  type  of  motor  is  used  as  for 
pumps.  For  large  sizes  running  at  low  speed, 
a  pedestal  bearing  type  motor  resembling  the 
auxiliary  generator  is  used. 

It  is  very  often  desirable  to  control  the 
compressors  from  the  main  engine  operating 
station    by    means    of   start   and   stop    push 
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buttons.  If  full  pressure  is  maintained  on  the 
pistons  of  all  stages,  the  required  starling 
torque  is  very  high.  To  reduce  this  torque,  a 
alve  is  employed  where 
automatic  control  is  used.  This  valve  is 
usuallj  connected  to  the  in  tor-cooler  between 
the  first  and  second  stages.  As  soon  as  the 
motor  is  shut  down  the  valve  bleeds  the  first 
i.i  atmosphere.  As  long  as  the  motor  is 
running  the  valve  remains  closed. 

Where  required,  automatic  pressure  regu- 
lators may  be  used  to  start  and  stop  the  com- 
pressors so  that  the  pressure  will  always  be 
maintained  within  a  few  pounds  of  a  prede- 
termined value. 

Refrigerating  Machinery 

The  refrigerating  plant  of  a  ship  handling 
general  cargo  is  usually  of  only  sufficient 
capacity  to  take  care  of  the  galley  require- 
ments. This  may  consist  of  one  or  two  units 
of  one  or  two  tons  capacity.  On  refrigerating 
ships,  the  plant  may  run  as  high  as  60  tons 
capacity  and  require  about  200  horse  power 
for  the  compressors  alone.  In  addition  to 
the  ice  machine  proper,  brine  and  wa tot- 
pumps  are  required  as  well  as  a  number  of 
fans  for  circulating  the  cold  air  through  the 
cargo  spaces. 

A  plant  of  this  kind  can  be  operated  very 
economically  by  using  electric  power,  and  the 
space  and  weight  will  be  materially  less  than 
that  for  steam  equipment. 

Steering  Gear 

The  steering  gear  of  a  vessel  must  be  made 
absolutely  reliable.  Therefore,  no  sacrifice  of 
this  feature  must  be  made  in  favor  of  any 
other  desirable  characteristic. 

There  are  two  fundamental  types  of  elec- 
tric steering  gear  on  the  market  at  the  present 
time,  each  possessing  distinct  advantages 
over  the  other. 

In    one    system   a   high-pressure   pump    is 

used  to  circulate  oil  through  a  pair  of  opposed 

hydraulic   rams,    the   plungers   of  which   are 

i  onnected  to  the  rudder  stock  by  a  yoke.    To 

the  rudder,  oil  is  forced  into  one  ram 

and  removed  from  the  other.     A  reversal  of 

the  ml  flow  causes  the  rudder  to  move  in  the 

opposite  direction.     When  the  rudder  is  at 

rest,  there  is  no  circulation  of  oil  through  the 

rams.     With  this  type  of  gear,  the  pump  is 

driven   continuously   in   one   direction   by   a 

shunt-wound  motor.  The  control  consists  only 

of  a  starting  device  for  the  motor.    The  motor 

used  is  of  1  he  same  design  as  that 

r   pump  si  ■ 


In  the  other  system,  the  electric  motor  is 
connected  to  the  rudder  stock  by  screw-  or 
spur  gearing.  As  the  motor  is  started  and 
brought  to  rest  for  each  movement  of  the 
rudder,  it  must  be  constructed  for  severe 
starting,  stopping,  and  reversing  duty.  The 
control  must  also  be  able  to  withstand  very 
frequent  operation  without  rapid  deteriora- 
tion. Since  it  is  imperative  that  the  rudder 
be  brought  promptly  to  rest  as  soon  as  the 
motor  is  de-energized,  dynamic  braking  in 
the  off  position  of  the  control  is  desirable. 
The  motor  is  compound-wound  and  has  a 
predominance  of  the  series  characteristic. 
In  addition  to  dynamic  braking,  it  is  some- 
times necessary  to  use  a  solenoid  disk  brake 
to  assist  in  bringing  the  motor  to  rest. 

The  same  type  of  motor  is  used  for  this 
application  as  for  the  deck  winches  and  anchor 
windlass,  except  that  some  of  the  water- 
proof features  are  omitted. 

Forced  Draft  Blowers 

If  the  motors  for  driving  forced  draft  fans 
are  installed  where  the  heat  from  the  boilers 
does  not  reach  them,  the  same  type  can  be 
used  as  for  other  engine-room  auxiliaries. 
If  it  is  necessary  to  subject  the  motor  to  an 
external  temperature  of  more  than  approxi- 
mately 50  deg.  C,  special  heat-resisting 
insulation  is  recommended. 

A  certain  amount  of  speed  regulation  is 
desirable  so  that  proper  draft  can  be  obtained 
with  the  least  expenditure  of  power. 

Heating 

A  theoretical  analysis  of  the  losses  involved 
in  converting  heat  derived  from  the  burning 
of  fuel  into  electrical  energy,  and  then  back 
into  heat,  indicates  that  electric  heating  is  not 
economical.  How  near  the  actual  results 
approach  theoretical  calculations  depends 
upon  the  magnitude  of  the  losses  which  occur 
in  transmitting  the  heat  from  the  place  where 
it  is  generated  to  the  place  where  it  is 
required. 

Obviously  it  would  not  be  economical  to 
use  electric  heaters  on  a  steamship  where  the 
state  rooms  are  close  to  the  source  of  steam 
supply.  There  may  be  places,  however,  at 
the  extreme  fore  and  aft  ends,  or  on  the 
bridge,  where  the  losses  resulting  from  long 
runs  of  steam  piping  may  warrant  the  use  of 
electric  heaters. 

On  a  motor-ship,  if  a  separate  boiler  is 
contemplated  for  heating  purposes  only,  the 
matter  of  electric  heating  should  be  carefully 
considered.     Aside    from  the  matter  of  effi- 
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ciency    there    is    the  convenience  of  electric 
heaters  to  be  considered. 

A  system  of  steam  heating  and  ventilation 
combined  is  applicable  to  dining  rooms  and 
other  large  spaces  on  passenger  ships.  Low- 
pressure  steam  is  led  through  numerous  coils 
surrounded  by  a  chamber  through  which 
fresh  air  is  forced  on  its  way  to  the  registers. 
The  air  is  supplied  by  motor-driven  fans 
located  preferably  on  the  intake  side  of  the 
heater. 

Ventilation 

The  proper  ventilation  of  a  large  passenger 
vessel  is  a  complex  problem  involving  the  use 
of  a  large  number  of  comparatively  small 
motor-driven  ventilating  fans,  located  in 
various  parts  of  the  ship.  On  a  cargo  ship 
comparatively  few  sets  are  required  as  only 
a  small  portion  of  the  interior  is  inhabited. 

Motor  and  control  apparatus  for  these  sets 
do  not  differ  greatly  from  that  used  for  cen- 
trifugal pumps,  as  the  power  requirements  are 
similar.  It  is  usual  to  provide  about  25  per 
cent  speed  adjustment  by  field  control,  so 
that  the  amount  of  air  delivered  can  be 
regulated  to  suit  varying  conditions. 

Lighting 

Assuming  that  230  volts  has  been  chosen 
for  the  power  system,  the  following  alter- 
natives are  possible  for  lighting  purposes: 

1 .  Lamps  designed  for  230  volts. 

2.  Two  115-volt  lamps  in  series. 

3.  Three-wire  generator. 

4.  Separate  generating  set. 

5.  Motor-generator    set    to    obtain    low 

voltage. 

6.  Balancer  set  to  obtain  1 15  volts. 

A  number  of  vessels  are  in  operation  using 
lamps  designed  for  230  volts.  While  these 
installations  have  been  successful  it  is  doubt- 
ful whether  conditions  warrant  the  general 
use  of  the  high-voltage  system.  It  has  been 
found  by  careful  investigation  on  land  install- 
ations that  the  cost  of  maintaining  high-volt- 
age lamps  is  approximately  30  per  cent  greater 
than  that  for  low-voltage  units.  This  is  due 
somewhat  to  the  higher  price  of  230-volt 
lamps  but  mainly  to  the  shorter  life. 

There  are  also  a  number  of  objections  to 
the  use  of  two  lamps  in  series.  Unless  the 
lamps  are  specially  selected  for  this  purpose, 
the  inequalities  in  resistance  will  tend  to 
shorten  the  life  of  one.  Any  crossing  of  the 
filament  or  short  circuit  of  one  lamp  will 
promptly  burn  out  the  other. 


These  considerations,  and  also  the  fact. 
that  suitable  series  burning  lamps  are  not. 
easily  procurable,  make  the  high-voltage- 
system  inadvisable  for  merchant  ship 
service. 

The  use  of  three-wire  generators,  while 
perfectly  practical,  increases  the  cost  of  the 
installation  by  quite  an  appreciable  amount 
and  also  complicates  the  switching  arrange- 
ment, especially  where  generators  are  operated' 
in  parallel. 

The  use  of  a  separate  generating  set  for 
lighting  purposes  is  still  more  costly  and  the 
additional  expense  and  complication  will  at 
once  eliminate  this  method  from  serious  con- 
sideration except  for  cases  of  emergency. 
Where  an  emergency  generating  set  is  in- 
stalled above  the  load  water  line  of  the  vessel, 
it  is  advantageous  to  make  switching  arrange- 
ments so  that  this  set  can  be  run  at  night  in 
port  for  lighting  purposes  when  all  other 
machinery  is  shut  down. 

Where  close  regulation  of  voltage  is  re- 
quired the  motor-generator  system  possesses- 
great  advantages,  because  a  speed  or  voltage 
regulator  can  be  installed.  However,  very 
close  voltage  regulation  is  not  required  of 
the  lighting  system  on  a  merchant  vessel,  and 
therefore  a  balancer  set  is  preferable  for  it 
has  better  efficiency  than  a  motor-generator 
set. 

The  balancer  set  consists  of  two  identical 
direct-current  machines  each  wound  for  one- 
half  the  line  voltage.  These  machines  are 
directly  coupled  together  and  the  armatures, 
connected  in  series  across  the  line.  A  netitral 
bus  is  taken  off  where  the  armatures  are  con- 
nected together  and  the  lighting  load  is- 
balanced  as  nearly  as  possible  on  each  side 
of  the  neutral. 

The  only  current  which  flows  through 
the  set  is  the  running  light  current  and 
the  unbalanced  part  of  the  load.  The 
set  is  made  of  only  sufficient  capacity  to- 
handle  the  maximum  unbalancing,  and 
therefore  with  but  little  foresight  in  design- 
ing the  lighting  system,  the  balancer  set. 
can  be  made  very  small  even  though  con- 
siderable power  is  required  for  lighting, 
galley  appliances,  searchlights,  etc. 

Miscellaneous 

The  auxiliaries  referred  to  in  this  article 
and  in  that  by  Mr.  R.  H.  Rogers  do  not, 
comprise  all  that  can  be  economically  operated 
by  electricity  aboard  ship,  but  space  limita- 
tions in  this  issue  of  the  Review  do  not  per- 
mit of  their  description.. 
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Electric  Deck  Machinery 

By  R.   H.   Roi 
Marine   Engineering  Department,  General  Electrk    Company 


Efficiencj  is  a  complex  characteristic, 
ill.  when  applied  to  the  performance 
of  machinery.  The  ratio  of  input  to  outpul 
is  the  componenl  of  efficiency  mosl  often 
discussed,  so  much  o  that  other  members 
of  at  least  equal  importance  are  often  over- 
li  ioked. 

There  is  " readiness-to-serve,"  measured 
by  the  amount  of  care  and  expense  necessary 
to  keep  it  at  a  satisfactory  percentage. 

There  is  "eontinuity-of-service,"  also 
measured  in  terms  of  care  and  cost  of  holding 
at  a  satisfactory  status. 

"General  fitness"  must  not  be  overlooked 
for  here  the  human  element  enters  into  the 
equation.  If  the  unit  is  offensive  to  sight,  as 
incongruous  or  odd;  to  the  hearing,  as 
unmusical  or  antirythmic;  to  the  feelings  by 
way  of  uncomfortable  heat,  barked  shins  and 
knuckles,  muscular  strain  or  general  un- 
handiness it  will  be  condemned  out  of  hand 
however  near  to  100  per  cent  the  other  com- 
ponents may  be. 

The  relative  weights  of  these  elements  vary 
greatly  with  specific  applications  of  machin- 
ery, a  point  well  illustrated  by  the  varied 
functions  of  ship's  auxiliaries.  Take  the 
steering  gear  as  a  whole — from  the  navigating 
bridge  to  the  tumbling  wake — it  is  on  the 
shift  from  two  to  ten  times  a  minute  day  and 
night  for  weeks.  It  works  a  million  times  (a 
favorite  break-down  test  goal)  in  less  than 
six  months  with  only  a  few  intervals  for 
inspection    and    overhauling. 

Readiness  to  serve  here  reaches  supreme 
importance,  for  should  it  fail  once  in  that 
six  months  a  disaster  might  easily  result, 
while  at  the  least  it  would  invoke  the  im 
blessings  of  officers  and  crew.  Yet,  99.999 
per  cent  is  a  respectable  efficiency.  The 
commonly  considered  input-output  efficiency 
tly  given  scant  consideration  for  there 
lopular  types  of  steering  gear  ranging 
from  13  to  72  per  cent  mechanical  efficiency 
and  thermal  efficiency  of  even  greater  range, 
with  no  apparent  effect  upon  the  number  of 
each  kind  in  use  or  on  order. 

Warping  and  mooring  capstans  or  wi 
must  be  fit  for  the  service.     There  is  ample 
time  to  keep  them  in  order  as  they  are  used 
only  a  few  hours  a  year,  and  in  the  event  of 
failure  the  cargo  winches  stand  by  to  take  the 


lines.  Their  only  excuse  for  being  is  that 
arc  advantageously  located  and  are 
peculiarly  adapted  for  the  work. 

With  carg  .  continuity  of  service 

is  the  strong  consideration  among  the  effi- 
ciency members.  The}-  are  called  upon  to 
work  eight  to  twenty  hours  a  day  from  ten 
to  thirty  days  at  a  time,  totalling  about  1200 
hours  per  year.  Like  the  Arkansas  roof,  when 
in  port  there  is  not  time  to  overhaul  and  while 
at  sea  "who's  going  out  on  that  deck  in  this 
weather' " 

Used  and  abused  by  kaffirs,  coolies,  las- 
cars  and  regular  longshoremen,  many  taught 
in  five  minutes  by  signs,  rigged  and  re-rigged 
to  suit  the  varying  practices  of  the  world's 
ports,  worked  in  all  the  temperatures  on  the 
thermometer — it  must  be  a  husky  unit  to  give 
continuous  service. 

Each  hold  has  its  winches  with  no  handy 
understudies  so  that  the  failure  of  a  single 
winch  holds  up  the  work  on  perhaps  25  per 
cent  of  the  cargo,  breaks  up  the  routine, 
throws  the  ship  out  of  trim,  and  causes  a 
delay  the  cost  of  which  can  only  be  appreci- 
ated by  those  who  have  had  to  pay  demurrage 
on  ships. 

The  anchor  windlass  is  valuable  in  pro- 
portion to  its  readiness  to  serve.  Dead  for 
perhaps  two  thousand  hours,  it  must  come 
to  life  and  work  most  heartily  for  a  half  hour 
and  then  hibernate  again.  These  long  periods 
of  idleness  are  especially  detrimental  to 
machinery  at  sea.  The  input-output  effi- 
ciency is  so  low  in  any  case,  due  to  the  great 
gear  reduction  and  the  50  to  60  per  cent  loss 
at  the  hawse  pipe,  that  it  is  scarcely  worthy  of 
consideration — especially  in  view  of  the  very 
few  hours  of  service  per  year.  Yet  the 
function  of  the  anchor  windlass  is  vital  to 
the  safety  of  ship,  crew  and  cargo,  and  there 
is  no  standby. 

There  is  no  form  of  motive  power  that 
can  compare  with  electric  motors  for  operat- 
ing a  plurality  of  widely  scattered  units  such 
as  are  found  on  a  ship.  When  properly  in- 
corporated with  the  respective  mechanisms, 
the  compactness  of  the  set  and  the  absence  of 
visible  moving  parts  appeal  to  the  mechanical 
eye.  The  simplicity  of  lubrication,  absence 
of  unbalanced  forces,  small  number  of  active 
parts   and    bearings,    make    possible   a    high 
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degree  of  readiness  to  serve  and  of  continuity 
of  service  with  moderate  attention  and 
almost  no  cost. 

The  input-output  efficiency  of  a  battery 
of  ship's  auxiliary  motors  in  terms  of  fuel  used 
in  port  is  for  various  reasons  four  times  better 
than  that  of  a  similar  battery  of  small  steam 
engines.  This  is  proved  by  the  records  of 
otherwise  sister  ships  in  the  same  ports  with 
similar  cargoes. 

The  fact  that  on  a  motor  ship  having  all- 
electric  auxiliaries  the  fuel  consumption  in 
port  is  one  ton  of  oil  per  day  asagainst  four  tons 
for  the  all-steam,  and  the  knowledge  that 
the  most  of  this  difference  is  due  to  innumerable 
losses,  demonstrates  that  a  large  saving  can 
be  effected  in  such  ships  by  substituting 
electricity  for   steam.     Its    adoption    for   all 


ship  as  against  one   ton  for  the  all-electric 
are  readily  analyzed: 

(a)  Loss  by  radiation  from  superheated 
steam  in  hundreds  of  feet  of  exposed 
piping  bristling  with  flanges,  special 
bends,  valves,  and  fittings  is  going  on 
every  hour  of  the  day,  while  electric 
distribution  losses  are  microscopic 
when  the  units  are  in  use  and  non- 
existent when  they  are  still. 

(b)  The  units  are  engined  or  motored  for 
maximum  demand  and  the  average 
loads  are  therefore  fractional.  Motor 
efficiency  is  higher  than  engine 
efficiency  throughout  the  load  range, 
particularly  so  at  fractional  loads. 

(c)  Steam  valves  and  packings  deteriorate 
with  time  and  use.     Steam  leaks  take 


Alternating-current  Deck  Motor  Recently  Installed 
n  the  Mooring  Winch  of  a  Tank  Steamer 


sea  and  port  auxiliaries  would  eliminate 
various  uncontrollable  losses  inherent  in 
steam  power,  especially  when  finely  sub- 
divided. 

Many  of  these  steam  losses  are  a  constant 
factor  throughout  the  useful  life  of  the  ship. 
The  larger  part  of  the  possible  improvements 
may  be  realized  in  the  distribution  and 
applications  of  power,  at  the  same  time 
retaining  the  steam-driven  generating  plant. 

The  greater  economy  makes  possible  on 
steamships  the  use  of  an  auxiliary  boiler  in 
port,  thus  still  further  improving  economy. 
It  does  not  require  any  argument  to  show 
the  large  gain  that  can  be  realized  by  operat- 
ing a  boiler  of  approximately  200  h.p.  with 
its  proportionate  attendant  auxiliaries 
instead  of  one  of  the  ship's  1000-h.p.  boilers  at 
a  200-h.p.  output  with  its  relatively  large  but 
much  under  leaded  attendant  auxiliaries. 

The  reasons  for  the  consumption  of  four 
tons  of  oil  per  day  by  the  all-steam  auxiliary 


Fig.  2.      Direct-current  Deck  Motor  with  Disc  Type 

Solenoid  Brake,  Hand  Hole  Cover 

Removed  for  Inspection 

an  ever  increasing  toll.  Electric  motors 
and  distribution  are  unchanging  through 
years  of  service. 

(d)  Frost  has  no  effect  upon  motors  and 
cables  while  steam  deck  auxiliaries 
require  a  large  amount  of  steam  during 
cold  weather  to  prevent  destruction  by 
freezing. 

(e)  While  in  port  the  legitimate  functions 
of  auxiliaries  are  two :  to  handle  cargo 
and  to  make  the  ship  habitable. 
All  other  auxiliaries  are  parasites  and 
they  are  greatly  reduced  or  absent  with 
electric  power. 

A  technical  writer  has  recently  said 
that  one  may  see  a  steam  leak,  hear 
an  air  leak,  and  smell  a  gas  leak,  but 
there  is  no  way  to  detect  an  electric 
leak.  He  may  refer  to  a  misapplication 
or  wasteful  system,  for  surely  an 
electric  leak,  as  such,  is  not  a  modest 
violet.     It  can  be  seen,  heard,  smelled, 


(f) 
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and  felt  as  we  all   know  and  thereby 
it  encourages  a  higher  degree  of  upkeep 

than  is  the  usual  condition  with  less 
demonstrative  mediums, 
(g)  Electric  auxiliaries  by  greatly  reducing 
the  steam  demand  make  it  economical 
to  use  a  small  boiler  operated  at  a  high 
efficiency  i<>r  the  normal  demand,  thus 
avoiding  the  excessive  losses  of  a  larger 
boil"  d   at   fractional  load. 

The  hard  trying  service  on  shipboard  brings 
out  the  value  of  the  accessories  of  electric 
drive,  i.e.,  the  brakes  and  braking  system, 
control,  protection,  indication,  and  distri- 
bution. 


controller  may  each  be  located  to  the  best 
advantage.  The  full  range  of  speeds  in  both 
directions,  retardation,  and  stopping  are  con- 
tn  lied  by  one  handle. 

Protection  from  sustained  or  excessive  over- 
loads and  prevention  of  unexpected  starting 
after  power  has  been  off  are  obtained 
by  simple  devices  which  may  be  located 
ill,  for  whenever  the  control  handle 
is  returned  to  "off"  the  devices  are  automati- 
cally reset  for  operation,  i.e.,  the  operator 
does  not  have  to  leave  his  position  as  wi  luld  be 
the  case  with  ordinary  devices. 

The  working  condition  of  any  electric 
power  unit  or  the  power  consumed  by  any 


Motor  Operating  Hydraulic  Ste 


ngGe 


The  solenoid  brake  provides  an  automatic 
holding  device  independent  of  the  human 
element.  It  is  electrically  released  whenever 
the  motor  is  running  under  power,  and 
gravity  or  spring  applied  whenever  the  current 
is  cut  off  whether  by  intention  or  accident. 

To  lower  a  load  at  a  constant  speed 
dynamic  braking  may  be  resorted  to,  wherein 
the  motor  becomes  a  generator  overhauled 
by  the  load.  The  mechanical  energy  devel- 
oped by  the  load  is  converted  into  electricity 
and  dissipated  as  heat  at  the  resistor.  In 
other  words,  electricity  is  used  as  a  pair 
of  tongs  to  carry  to  a  safe  distance  from  the 
moving  parts  the  heat  generated  by  braking 
a  descending  load. 

The  control  of  electric  motors  is  independ- 
ent   as    to    location;  the    machine    and    the 


set  of  machines  for  any  period  may  be  read 
upon  portable  or  fixed  meters.  Abnormal 
conditions  are  immediately  noticeable  where 
a  running  log  of  power  consumed  is  kept  by 
a  recording  meter. 

The  distribution  of  electric  power  on  a  ship 
is  simplicity  itself  as  compared  with  steam 
power  distribution.  Steam  requires  a  system 
of  large  pipes,  supported  in  stools  on  deck, 
protected  by  an  elaborate  system  of  plating, 
and  made  to  conform  by  innumerable  special 
bends,  flanges,  valves,  and  fittings.  The  deck 
is  much  obstructed,  constant  losses  occur 
through  radiation,  and  destructive  freezing 
of  condensate  may  occur  in  cold  weather. 

Electricity  is  distributed  through  flexible 
cables  of  a  fourth  the  cross-section  of  equiva- 
lent steam  pipes.  They  are  carried  imderdecks 
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and  require  no  sej  .  ,  .  ■  ering.  The  first 
cost  of  the  pans  and  the  cost  of  installation 
arc  in  favor  of  electric  distribution. 

The  necessary  resistors  for  starting  all  the 
motors,  for  braking  the  winches,  and  fi  ir  safely 


Fig.  4.      Direct-current  Deck  Motor.    Upper  Half 
Opened  Back  on  Its  Hinges 

stalling  the  windlass  and  capstan  motors  are 
most  economically  housed  by  the  shipbuilder 
below  deck  where  possible,  or  in  enclosures 
under  the  boom  tables,  or  in  special  structures 
for  the  purpose.  They  require  good  ventila- 
tion when  in  use  and  must  be  protected  from 
sea  water.  Space  is  required  for  access  and 
for  removal  of  the  units.  With  each 
group  may  be  located  the  protective 
panel  and  the  line  switch  so  that  any 
motor  may  be  disconnected  for  inspec- 
tion. 

Motors  for  ship's  deck  auxiliaries 
must  be  designed  expressly  for  the 
service;  strong,  tight,  without  loose 
parts,  and  able  to  stand  up  to  the  hard- 
est work  without  immediate  or  accum- 
ulative deterioration. 

The  strictly  electrical  parts  through- 
out must  be  designed  to  withstand  the 
conditions  peculiar  to  the  sea  and  ships. 
Neither  lubrication  nor  actuation  of 
movable  parts  must  be  affected  by  the 
rolling  or  pitching  of  the  ship.  Every 
item  must  be  able  to  withstand  shocks 
and  stresses  not  experienced  by  land 

merit.  All  insulated  wires,  whether 
cables,  external  coils,  armatures,  fields,  or 
connections  must  rigidly  be  fortified  against 
the  cumulative  invasion  of  moisture  which  is 


particular!]  it     at    sea    where   salt 

assists  by  attracting  atmospheric  moisture. 

Enclosures  such  as  motor  frames,  brake 
coils,  housings,  controller  cases,  resistor  and 
panel  structures  must  be  built  to  exclude 
water  as  such,  and  to  release  moisture  that 
may  have  condensed  to  water  within  through 
temperature  changes. 

Brass,  bronze,  copper,  iron,  and  steel  must 
be  consistently  protected  against  the  cor- 
n  isive  effects  of  salt  moistura,  and  electrolysis 
tnusl  be  guarded  against. 

The  heating  of  motor  grids  and  brakes 
must  be  kept  within  allowable  limits  by  tin- 
selection  of  types  and  sizes  to  suit  the  heaviest 
anticipated  duty  under  the  most  adverse 
circumstance. 

The  wear  and  tear  on  the  brakes,  the 
motor  heating,  and  the  accumulated  loads 
thrown  on  the  generators  by  a  battery  of 
winches  are  dependent  to  a  considerable 
extent  upon  the  flywheel  effect  of  the  revolv- 
ing parts,  especially  when  reversals  are  occur- 
ring at  high  frequency  as  when  handling 
case  oil.  Low  speeds,  small  diameters,  and 
light  weights  are  the  specifics  for  these  items. 

The  mechanical  designs  of  motor-operated 
deck  machinery  are  well  worked  out  and  have 
been  in  active  service  at  sea  for  many  years. 
Reference  to  the  catalogs  of  builders  will 
reveal,  in  the  broad  range  of  choice  presented, 


Open  Type  Direct-current  Motor  for 
Below  Deck  Installation 

the  compactness  and  general  appearance  of 
fitness  previously  mentioned. 

Table   I   shows   the  characteristics  of   the 
various  deck  units. 
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Layout,  Construction  and  Installation  of  Propulsion 
Equipment  and  Auxiliaries  for  Marine  Drive 

By  C.  M.  Rhoades 
Construction   Department,  General  Electric  Company 


The  overall  efficiency  and  life  of  the  main 
propulsion  equipment  is  largely  affected  by 
the  layout  of  the  engine  room,  the  construc- 
tion of  suitable  foundations,  and  the  proper 
installation  of  auxiliaries,  piping,  cable,  and 
control;  and  this  article  is  written  to  point 
out  the  most  important  features  that  should 
be  kept  in  mind  in  arranging  an  engine  room 
either  for  turbine-electric  drive  or  turbine- 
gear  drive. 

In  arranging  machinery  in  the  engine  room 
there  are  of  course  several  fixed  conditions. 
As  in  the  case  of  single-screw  ships  the  motor 
or  the  turbine-gear  unit  has  to  be  placed  on 
the  center  line  of  the  ship  and  at  an  elevation 
to  suit  the  propeller  shaft. 

There  are,  however,  a  number  of  auxiliaries 
which,  while  they  are  independent  of  the 
main  unit,  should  be  given  considerable 
thought  inconnectionwith  the  service  towhich 
they  are  to  be  applied,  their  location,  accessi- 
bility, and  proper  installation. 

The  system  of  turbine-electric  drive  has 
more  flexibility  in  the  placement  of 
machinery  than  any  other  type,  as  the 
turbine  generator  can  be  placed  amidship 
with  the  boilers  while  the  motor  can  be 
placed  aft.  The  turbine  generator  can  be 
placed  on  the  side  of  the  center  line  of  the 
ship,  or  can  be  placed  over  the  condenser; 
either  arrangement  has  arguments  in  favor 
of  it,  depending  on  the  design  and  class  of  the 
boat. 

In  cargo  boats  with  full  lines  a  very 
economical  arrangement  is  to  have  the  tur- 
bine generator  amidships  with  the  boiler 
room  and  motor  aft,  thereby  saving  con- 
siderable engine-room  space,  shaft,  and  shaft- 
alley,  and  eliminating  the  obstruction  of  the 
shaft-alley  in  the  cargo  space. 

Figs.  1  and  2  show  an  arrangement  of  a 
3000-s.h.p.  engine  room  and  motor  room 
that  would  be  suitable  for  cargo  ships  having 
the  engine  room  amidship  and  the  motor 
placed  aft.  Fig.  1  gives  an  idea  of  the 
flexibility  of  the  turbine-electric  drive  arrange- 
ment, as  the  turbine  generator  can  be  placed 
well  up  in  the  ship  so  as  to  take  advantage  of 
the  space  over  the  boilers  and  this  reduces 
the  length  of  the  engine  room. 


This  scheme  of  having  the  main  unit 
elevated,  which  gives  two  or  more  flats, 
requires  the  minimum  amount  of  cubical 
space  as  it  not  only  cuts  down  the  length  of 
the  engine  room  but  also  the  width  and  keeps 
the  machinery  away  from  the  ship's  sides, 
thus  giving  additional  bunker  or  fuel  oil 
space,  and  in  turn  giving  more  cargo  space 
for  a  given  ship  tonnage.  There  would 
naturally  be  space  required  back  of  the 
boilers  and  this  could  be  carried  to  the 
ship's  sides,  in  way  of  the  engine  room,  which 
space  could  readily  be  arranged  to  take  care 
of  any  inlet  or  discharge  piping  from  sea 
connections. 

The  engine  room  as  shown  in  Fig.  1  is 
based  on  using  electrically  driven  auxiliaries 
and  just  enough  steam  units  to  maintain  a 
proper  heat  balance.  The  only  steam-driven 
units  are  the  turbine-driven  exciters,  the 
standby  oil  pump,  fire  and  bilge  pump, 
auxiliary  boiler  feed  pump,  and  the  steam  air 
ejector  on  the  main  condenser;  all  other 
auxiliaries  are  of  the  motor-driven  centrif- 
ugal type. 

The  main  turbine  generator,  the  two 
auxiliary  direct-current  turbine  generators, 
and  the  control  panel  are  located  on  the  upper 
flat  convenient  to  the  engineer  on  watch. 
The  condenser  is  carried  directly  below  the 
turbine,  which  is  the  most  efficient  location 
and  insures  the  turbine  casing  being  drained  at 
all  times.  This  arrangement  possesses  a 
decided  advantage  over  that  of  top  exhaust 
units  where  the  proper  drainage  of  the  tur- 
bine casing  has  been  neglected  and  the  life 
of  the  turbine  unit  been  reduced  by  running 
turbine  wheels  in  water. 

This  arrangement  also  eliminates  the  rather 
complicated  exhaust  trunk  which  is  neces- 
sary in  top  exhaust  units  and  also  gives  a 
very  good  distribution  of  weights,  as  the 
main  unit  and  condenser  are  symmetrical 
about  the  center  line  of  the  ship.  It  is  also 
possible  to  place  directly  beneath  the  operat- 
ing panel,  on  a  flat,  the  main  contactors  or 
switches  for  handling  the  current  to  the 
motor.  These  contactors  can  be  either 
electrically  or  manually  controlled  from  the 
operator's  position,  so  that  the  engineer  has 
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Fig.  1.      Diagram  Showing  the  Location  and  Arrangement  Amidship  of  3000  Shaft  H.P.  Turbine  Generator  Set 
and  Equipment  on  a  Vessel  of  Moderate  Size 
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entire  control  of  the  propulsion  equipment 
and  the  main  turbine  at  the  control  panel. 

On  the  lower  or  engine-room  floor  are 
located  all  of  the  ship  auxiliary  pumps  which 
when  motor  driven  can  be  compactly  arranged, 
as  all  steam  and  exhaust  piping,  which  is  a 
large  factor  in  congesting  the  engine  room, 
is  eliminated. 

This  arrangement  also  lends  itself  to  very 
simple  and  safe  wiring,  as  all  the  cables  can  be 
carried  underneath  the  turbine  flat  where 
they  can  be  well  supported  and  protected  and 
led  directly  from  the  generator  terminals 
beneath  the  generators  to  the  contactors  and 
switchboard,  and  all  wiring  to  auxiliaries  can 
be  carried  overhead  to  the  motors.  With  due 
consideration    to    placing   auxiliaries   on    the 


engine-room  floor,  the  arrangement  could  be 
made  to  be  very  free  of  piping  and  a  safe  and 
efficient  room  obtained. 

The  motor  room  as  shown  in  Fig.  2  can  be 
placed  as  far  aft  as  the  lines  of  the  ship  will 
permit,  and  still  have  a  satisfactory  founda- 
tion for  the  motor  and  ample  room  for  draw- 
ing the  tail  shaft.  The  motor  shown  in  Fig.  2 
is  arranged  to  have  the  thrust  taken  up  in  the 
forward  end  of  the  motor. 

The  wiring  to  the  motor  room  may  be 
carried  either  in  a  wiring  passage  at  one  side 
of  the  ship  between  engine  room  and  motor 
room  or  may  be  carried  above  decks.  The 
decks  above  can  be  covered,  leaving  only  the 
necessary  openings  for  access  ladders  and  for 
air  supply  and  discharge  ducts.     To  provide 


Fig.  2.      Diagram  Showing  Installation  of  3000  Shaft  H.P.  Propulsion  Motor.      The  arrangements  shown  in  Figs.  1  and  2 
are  related  and  apply  to  the  same  installation 


180    February,  1&21 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXIV.  No.  2 


CONSTRUCTION   AND  INSTALLATION  OF   PROPULSION    EOUIPMENT       1M 


for  the  removal  of  a  portion  of  the  motor,  a 
section  of  the  bulkhead  forward  of  the  motor 
could  be  made  removable  and  motor  taken 
out  through  the  cargo  space  and  hatch. 

Figs.  3,  4,  and  5  show  arrangements  for  a 
30,000-s.h.p.  twin-screw  ship,  Figs.  3  and  4 
showing  the  engine  room  amidship  and  the 
motor  room  aft,  while  Fig.  5  shows  the  same 
equipment  with  motors  in  the  engine  room. 

In  both  arrangements  shown  in  Figs.  3  and 
5,  the  main  turbine  generators  and  auxiliary 
generators,  together  with  the  control  panel 
and  switchboards,  are  all  located  on  the  upper 
flat  convenient  to  the  engineer  on  watch. 
The  condenser  and  all  auxiliaries  are  located 
on   the   engine-room  floor  beneath. 

Practically  all  auxiliaries  are  electrically 
driven,  there  being  just  sufficient  steam  units 
to  give  the  proper  amount  of  exhaust  steam 
for  feed-water  heating.  In  this  arrangement, 
additional  flexibility  and  insurance  has  been 
obtained  by  having  two  circulating  pumps 
and  two  condensate  pumps  for  each  con- 
denser. The  engine  room  in  both  cases  takes 
up  the  full  width  of  the  ship. 

The  saving  in  space  by  the  arrangement 
shown  in  Fig.  3  as  compared  to  that  in  Fig.  5 
is  self  evident;  the  engine  room  would  be  12 


to  14  ft.  less  in  length,  which  saving  is  of 
considerable  value. 

Fig.  4  shows  the  space  required  for  the 
motor  room  aft.  As  previously  stated,  this 
motor  room  should  be  placed  as  far  aft  as  the 
lines  of  the  ship  will  permit,  thereby  eliminat- 
ing as  much  shafting  and  shaft-alley  as 
possible. 

Fig.  6  shows  an  arrangement  for  a  turbine- 
electric  driven  single-screw  tanker,  or  any 
other  ship  in  which  all  machinery  is  placed 
aft.  In  this  arrangement  the  main  turbine 
generator  is  placed  down  on  the  engine-room 
floor  with  top  exhaust,  and  the  only  apparatus 
carried  on  the  upper  flat  are  the  two  auxiliary 
direct-current  turbine  generators.  The  same 
scheme  of  electrically  driven  auxiliaries  has 
been  carried  out  as  in  the  other  arrangements 
described. 

In  all  arrangements  of  engine  rooms,  one 
should  keep  in  mind  the  service  and  duty  of 
each  auxiliary  because  the  proper  type  of 
drive,  grouping,  and  arrangement  will  elimi- 
nate a  great  deal  of  duplication  in  piping,  as 
the  pumps  that  are  to  be  interconnected  to 
the  same  sen-ice  should  be  arranged  as 
closely  together  as  possible.  Also,  all  pumps 
should  be  kept  above  the  engine-room  floor 
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Fig.  5.      Diagram  Showing  the  Equipment  of  Figs.  3  and  4  Installed  in  the  Same  Compartment.      This  arrangement  of  apparatus 
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and  be  accessible,  for  the  ■     uard  for 

keeping    a    pump    in    satisfactory    operating 

condition  is  to  have  it  where  a  man  can  see  it 
and  readily  get  at  all  its  parts. 

The  matter  of  proper  foundation 
marine  turbine  generators,  motors,  and  gears 
e  that  should  be  given  very  careful 
consideration,  as  the  proper  functioning 
•  the  equipment  depends  upon 
true  alignment  and  keeping  of  this  align- 
ment under  all  conditions  of  sen-ice  ami 
operation. 

Fig.    7   shows   a   typical   foundation   for  a 

h.p.  turbine  generator,  which  could  be 

1    on   the  upper  platform   as  shown   in 

Fig.   1  or  on  the  tank  top  as  shown  in  Fig.  6. 

This  foundation  consists  of  two  fore-and-aft 

girders  of  sufficient  depth  to  insure  the  after. 

middle,    and   forward    bearing    points    being 

kept  in  line  regardless  of  the  working  of  the 

ship.     The  generator  and  turbine  after  foot  is 

earned  directly  on  the  side  girders,  while  the 

forward  turbine  foot  is  carried  on  athwart- 

ship    plates    framed    into    the    longitudinal 

rs  in  such  a  manner  as  to  carry  the  weight 


of  the  forward  fool  to  the  longitudinal  girders 

i  also  insure  sufficient  flexibility  to  take- 
care  of  the  expansion  in  the  forward  end  of 

the  turbine  due  to  the  changes  in  temper- 
ature 'if  this  portion  of  the  unit. 

When  the  turbine  generator  is  carried  on 
the  tank  tup.  this  foundation  should  extend 
over  as  many  frames  as  possible  so  as  to 
distribute  the  loading  and  prevent  con- 
centration. When  the  unit  is  carried  on  tin- 
upper  flat,  a  somewhat  similar  foundation 
should  be  placed  under  the  turbine  and  also 
on  the  tank  top.  both  of  which  should  be 
properly  framed  to  take  care  of  the  support- 
ing columns.  The  girders  are  framed  together 
at  several  points  and  are  also  provided  with 
outside  gusset  plates  to  insure  proper  bracing 
against  rolling. 

The  entire  foundation  is  built  up  of  plate 
and  angles  provided  with  rider  plates  in  way 
of  all  bearing  points,  which  plates  should  be 
ground  off  to  facilitate  the  fitting  of  liners, 
which  should  be  not  less  than  1]4  in.  thick. 
All  bolts  for  bolting  down  apparatus  to 
foundations  should  be  fitted  bolts. 
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A     typical     foundation     for  a   3000-s.h.p. 

motor  consists  of  two  fore-and-aft  deep 
girders,  one  under  each  foot  of  the 
motor.  The    girders    are    well    gusseted 

to  the  tank  top  and  are  tied  together  on  the 
forward  and  after  sides  by   means  of  plate 
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cable  insulated  with  varnished  cambric.  It 
should  not  be  run  in  conduit  but  should  as 
far  as  possible  be  carried  overhead  where  it 
can  be  inspected,  well  supported,  and  painted. 
For  the  main  alternating-current  cables 
connecting  the  main  generators,  contactors, 
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Fig.  9.      Cable  Similar  to  That  El-own  in  Fig.  8.  Except  for 
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work,  which  should  form  a  watertight  pit 
in  which  the  motor  sits.  These  plates  on  the 
forward  and  after  sides  should  be  made  with 
a  removable  section  to  permit  the  drawing 
of  the  motor  rotor. 

As  in  the  case  of  the  turbine-generator 
foundation,  the  motor  foundation  should  be 
distributed  over  as  many  frames  as  possible. 

The  engine-room  piping  should  be  simpli- 
fied as  much  as  possible  by  the  proper  group- 
ing of  units  and  by  the  leaving  out  of  all 
unnecessary  valves.  The  piping  should  be 
well  supported  and  arranged  to  take  care  of 
expansion  without  undue  strains  on  the 
fittings. 


and  motor,  there  should  be  supplied  a  cable 
having  a  good  factor  of  safety,  both  electrical 
and  mechanical. 

Figs.  8  and  9  show  two  types  of  con- 
struction for  alternating-current  cables.  Fig. 
8  shows  the  type  of  cable  that  could  be  used 
when  all  oc  the  machinery  is  placed  in  one 
engine  room,  and  it  would  never  be  necessary 
to  operate  the  cables  when  the  space  is 
flooded.  The  insulation  on  this  cable  is 
varnished  cambric  with  a  spiral  copper  tape 
placed  over  the  cambric  for  mechanical 
protection.  This  tape  is  grounded  so  that  it 
serves  a  double  purpose  as  assurance  against 
mechanical   injury    and    the   endangering   of 
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One  of  the  elements  of  electric  drive,  which 
should  be  given  careful  thought  in  instal- 
lation, is  the  proper  type  of  cable  and  its 
location,  together  with  its  supports. 

For  all  low-voltage  direct-current  cables 
the  best  type  is  a  lead-covered  iron-armored 


life,  for  should  there  be  any  leakage  through 
the  insulation  to  this  metal  sheath,  which  is 
grounded,  the  operator  could  meet  with  no 
injury  due  to  accidental  contact.  Over  this 
armor  is  braid  and  twine  which  is  covered 
with  a  fire-proof  paint. 
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The  cable  shown  in    Fig.   'J  is  identical  to 
that  described  in  Fig.  8  with  the  exception 
it  has  a  rubl  <   placed  over  the 

iric.      This   cable   would    be   used    when 
ary    to    pass    through    other   compart- 
ment, than   the  engine-room  space,  so  that 
should    any    intermediate    compartment    be 
flooded  the  rubber  jacket  would  amply  pro- 
be cable  against  the  water. 
Both  of  the  cables  described  arc  what  is 
known   as   single   conductor   cables  and   are 
recommended     for     large     current     carrying 
capacities    in    preference    to   several    smaller 
three-core  cables  in  multiple. 


In  the  carrying  of  these  main  circuits  they 
should  be  given  every  consideration  as  to 
proper  supporting  and  protection;  they  should 
be  carried  in  such  a  manner  as  to  eliminate 
all  short  bends  and  be  protected  against 
mechanical  injury  and  should  be  well  sup- 
ported by  means  of  insulating  clamps.  Their 
ends  should  be  well  protected  against  moisture 
seeping  under  the  insulation.  Fig.  10  shows 
the  method  of  taking  care  of  these  cables 
where  they  are  attached  to  cable  terminals. 

The  General  Electric  Company  makes  a 
two-plane  type  of  turbine  reduction  gear  and 
several  of  these  have  been  installed  in  place 
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of  the  single-plane  type.  Fig.  1 1  shows 
how  readily  this  can  be  done  with  a  mini- 
mum amount  of  work  to  the  existing  founda- 
tion. 

The  work  to  be  done  in  making  this  change 
is  the  adding  to  the  width  of  the  foundation 
for  the  low-speed  gear  feet  which  are  wider 
in  the  case  of  the  two-plane  type,  the  provid- 
ing for  the  supporting  of  the  turbine  which 
has  been  raised  approximately  four  feet,  and 
a  new  exhaust  trunk.  The  supporting  of 
the  turbine  in  its  raised  position  is  taken 
care  of  by  a  superseating  structure  which 
supports  the  forward  turbine  foot  and 
the  high-speed  gear  foot  and  is  built  up 
in  the  shop  and  attached  to  the  existing 
foundation. 


By  actual  experience,,  it  is  proved  that 
practically  all  of  this  steel  work  for  the 
superseating  and  exhaust  trunk  can  be  gotten 
out  in  the  shops  and  assembled  before  the 
ship  arrives;  and  this  change  from  single- 
plane  type  to  two-plane  type  of  gear  can 
be  made  in  a  very  few  days  with  naturally  a 
corresponding  minimum  of  expense.  The 
turbine  in  its  raised  position  requires  the 
fitting  of  extension  rods  to  the  throttle  levers 
if  these  are  still  to  be  operated  from  the 
engine-room  floor,  but  this  is  readily  done  as 
shown  in  Fig.  1 1. 

In  all  cases  where  this  change  has  been 
made  it  has  required  very  little  work,  if  any, 
to  the  remainder  of  the  ship  aside  from  the 
foundation. 


Marine  Uses  of  Radio 

By  Adam  Stein 
Radio  Engineering  Department,  General  Electric  Company 


About  twenty  years  ago,  when  first  demon- 
strated that  wireless  communication  was 
possible  over  considerable  distances,  it  was 
immediately  apparent  that  the  invention 
would  be  of  great  use  and  value.  It  was 
obvious  that  communication  with  ships  at 
sea,  which  was  not  possible  by  any  other 
known  means,  would  be  an  enormous  aid  to 
the  convenience  and  safety  of  navigation.  So 
we  have  seen  the  marine  use  of  radio  commu- 
nication grow  very  rapidly,  until  now  almost 
every  ship  on  the  seas  carries  radio  apparatus. 
In  the  early  days  of  radio,  however,  it  was  not 
apparent  that  it  would  find  other  uses  than 
communication,  and  so  it  is  rather  unexpect- 
edly that  we  find  today  that  radio  is  not  lim- 
ited to  communication  but  has  other  pos- 
sibilities of  use  which  approach  communica- 
tion in  degree  of  importance,  and  which 
indicate  that  radio  will  play  an  increasingly 
important  part  in  marine  affairs  of  the  future. 

Of  course  the  use  of  radio  for  communica- 
tion has  been  the  greatest  one,  and  technical 
advances  giving  better  communication  pos- 
sibilities have  been  rapid  and  great.  It  is 
the  result  of  the  development  of  new  devices 
and  methods  for  communication  that  the 
scope  of  radio  has  been  extended  beyond 
communication  only. 

The  present  communication  uses  of  radio 
are  quite  varied.  Foremost  is  the  use  in 
cases  of  distress.  The  large  number  of  cases 
already  on  record  of  ships  and  lives  saved  by 


help  summoned  by  radio  proves  the  value 
and  the  efficacy  of  this  service.  Radio  equip- 
ment is  needed  on  every  ship,  not  only  to 
summon  aid  in  case  of  need,  but  also  to  hear 
the  distress  calls  of  other  vessels.  The  degree 
of  safety  provided  by  this  means  of  summon- 
ing aid  is  enhanced  by  every  addition  to  the 
number  of  ships  "listening-in"  on  the  seas, 
because  thereby  the  chances  of  being  heard 
are  increased.  Many  ships,  non-passenger 
carrying,  at  present  do  not  consider  it  worth 
while  to  install  radio,  but  doubtless  the  time 
is  not  far  distant  when  radio  will  be  considered 
a  necessary  part  of  the  equipment  of  every 
ship,  partly  because  of  the  possibility  of 
giving,  as  well  as  calling  for,  aid. 

Isolation  of  the  ship  at  sea  is  slowly  but 
surely  disappearing  under  the  effect  of  radio. 
No  matter  how  far  from  land,  ships  can  keep 
in  close  and  immediate  touch  with  the  re- 
mainder of  the  world.  It  is  no  longer  nec- 
essary to  take  even  temporary  leave  of  the 
world  and  its  affairs  when  putting  to  sea,  and 
of  course  this  has  a  marked  effect  on  mari- 
time practice. 

One  useful  result  of  the  possibility  of  com- 
munication is  that  owners  or  shore  directing 
offices  can  communicate  with  and  control 
the  movements  of  their  ships  at  sea.  The 
port  of  destination  can  be  changed  if  desired 
or  any  other  information  concerning  passen- 
gers, cargo,  etc.,  transmitted  to  the  captain 
of  the  vessel.     The  most  extensive  example 
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of  this  was  given  at  the  outbreak  of  the 
world  war  when  all  German  merchant  ves- 
sel- were  advised  of  the  declaration  of  war. 
and  were  instructed  to  make  for  the  nearest 
home  or  neutral  porl  It  is  said  thai  the 
value  of  shipping  thus  saved  by  Germany, 
although  subsequently  lost  through  other 
circumstances,  was  sufficient  to  more  than 
pay  the  costs  of  the  various  high-pi  >wer  radio 
stations    which    she    had    erected    in    various 

if  the  world  for  this  and  other  pur] 
In  the  beginning  of  radio  use.  some  ship 
i  this  intrusion  upon  their 
supremacy  al  sea,  but  this  feeling  has  been 
entirely  overcome  through  appreciation  of 
dvantages. 
Equally  important  is  communication  from 
i  .  particularly  when  nearing 
the  port  of  destination.  Then  the  ship  can 
communicate  its  time  of  arrival,  docking 
requirements,  etc.,  and  can  be  advised  of  the 
dock  to  which  it  should  proceed,  etc.  This 
sort  of  communication  is  very  valuable  be- 
cause it  saves  much  time,  and  permits  the 
arrival  and  docking  of  ships  to  become  a 
smooth  and  well  planned  affair.  The  time 
and  consequent  expense  saved  in  the  docking 
of  large  vessels  amounts,  sometimes  in  a  single 
operation,  to  the  total  cost  of  maintenance 
of  the  radio  equipment  for  perhaps  a  year's 
time. 

Various   other   navigational  uses   of   radio 
have    importance.      One   is   the    checking   of 
ships'  chronometers  by  time  signals  sent  out 
daily    from    high-power    land    stations.      At 
these  stations  definite  signals  are  sent  auto- 
matically, and  with  great  precision,  at  certain 
hours  daily.     Since  radio  signals  travel  with 
the   same  velocity   as   does   light,    negligible 
error  is  found  at  any  point  at  sea  in  checking 
ii  'meters  by  this  method.    Since  accurate 
time  keeping  is  essential  to  accurate  naviga- 
oi  the  ship,  this  service  of  radio  is  very 
useful  and  is  very  extensively  utilized.     High- 
land  stations  also  give  to  ships   the 
service  of  daily  news  items,  which  adds  much 
to  the  comfort  and  benefit  of  both  crews  and 
gers.    Communication  between  passing 
ships  is   often   of  value   for  exchange  of  in- 
formation on  weather,  supplies,  etc.     "Ships 
thai  pass  in  the  night  "  are  no  longer  unknown 
her — nor   is    the    horizon   limited 
few  miles  of  visual  or  light  signalling, 
radio  horizon  of  a  shi  ded  to 

hundreds  of  mill 
The  use  of  radio  for  passenger  communica- 
hore  is  the  one  most  familiar  to  the 
little  comment.     As  radio 


condition  are  today,  there  is  hardly  a  spot 
on  the  oceans  from  which  messages  cannot 
be  sent  to  any  other  part  of  the  world  with 
assurance  of  delivery  within  a  few  days'  time 
at  the  most — and  most  traffic  is  from  points 
such  that  normal  delivery  is  effected  within 
the  day. 

Technical  advance  in  radio  has  been  great 
in  the  last  few  years  in  every  branch  of  the 
art.  resulting  in  at  least  two  important  ad- 
vantages: First,  communication  has  become 
more  reliable  and  possible  over  greater  dis- 
tances. Second,  telephony  by  radio  has  been 
made  possible — the  hopes  and  dreams  of  all 
radio  workers  realized.  It  is  now  possible  to 
telephone  by  radio  over  any  distance  reason- 
ably desired  in  ship  service.  This  can  be 
accomplished  with  the  same  degree  of  per- 
fection that  exists  in  radio  telegraphy,  and  is 
not  subject  to  serious  handicap  as  is  so  often 
the  case  at  first  in  radical  innovations. 

The  marine  applications  of  radio  telephony 
which  will  be  useful  in  the  immediate  future 
are:  Ship  to  ship,  ship  to  shore,  and  shi])  to 
land  wire  telephone  systems.  Ship  to  ship 
telephony  will  be  limited  mainly  to  commu- 
nication between  captains  of  vessels  as  an  aid 
to  the  safety  and  convenience  of  navigation. 
Shi])  to  shore  station  communication  also 
will  be  limited  mainly  to  the  use  of  mariners 
for  conference  on  weather  conditions,  dock- 
ing instructions,  etc.,  with  their  company 
offices  ashore;  and  of  course,  the  number  of 
private  stations  of  this  kind  which  can  be 
erected  on  shore  will  be  very  limited.  Under 
this  heading  also  comes  communication  from 
land  to  ship,  from  stations  erected  to  send 
out  spoken  warnings  of  shore  menaces  to 
navigation.  It  is  probable  that  many  of 
these  stations  will  soon  be  erected  as  adjuncts 
to  lighthouses.  Their  value  lies  in  the  fact 
that  they  are  entirely  efficacious  in  foggy  or 
stormy  weather,  w-hen  light  warnings  are 
less  effective.  Also,  they  can  be  understood 
on  ships  without  the  aid  of  expert  telegraph 
operators. 

Ship  to  land  wire  telephone  line  communi- 
cation is  the  most  important  class  of  radio 
telephony.  The  modern  radio  telephone  ap- 
paratus is  such  that  it  can  be  connected  to 
the  existing  wire  telephone  system,  thereby, 
in  effect,  making  every  telephone  instrument 
in  the  country  a  potential  wireless  telephone 
station  When  ships  are  equipped  with  radio 
telephone  apparatus,  and  the  details  of  the 
conjunction  between  the  wire  lines  and  the 
shore  radio  station  are  arranged,  it  will  be 
possible    for    persons    aboard    ship    to    talk 
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directly  to  any  telephone  subscriber  ashore. 
It  is  expected  that  this  condition  will  exist 
for  service  use  in  one  or  two  years'  time.  A 
large  extension  of  the  usefulness  of  radio  will 
result  from  this  addition  to  its  service. 

Another  result  of  the  improvement  in  radio 
apparatus  in  the  last  few  years  is  the  intro- 
duction of  a  receiving  device  for  determining 
the  direction  of  the  point  from  which  radio 
signals  are  sent.  This  use  of  radio  has  value 
to  marine  practice  second  only  to  that  of 
calling  assistance  in  distress.  A  shore  radio 
station  equipped  with  this  apparatus  can,  by 
properly  adjusting  it  while  signals  are  being 
received  from  a  distant  ship,  determine  with 
accuracy  the  bearing  of  the  ship  from  the 
station.  Then  if  two  shore  stations,  rather 
widely  separated,  simultaneously  determine 
the  bearings  of  the  ship  from  their  respective 
stations,  the  intersection  of  these  lines  of 
bearing  is  the  position  of  the  ship.  Usually 
the  method  followed  is  for  one  shore  station 
to  inform  the  other  of  its  bearing  determina- 
tion, and  the  other  then  can  combine  this 
with  its  own  determination,  work  out  the 
ship's  position,  and  inform  the  ship  by  radio 
telegraph.  Also  more  than  two  shore  stations 
will  usually  be  used,  in  order  to  decrease  the 
liability  to  error;  as  for  instance  around  New 
York  City  harbor,  four  or  five  are  used. 
Special  direction  finding  stations  are  erected 
along  the  coast  at  important  points,  whose 
whole  duty  it  is  to  determine  the  location  of 
ships  and  inform  them  upon  request.  The 
accuracy  with  which  positions  can  be  given 
is  ample  for  the  purpose  and  fortunately 
increases  with  decrease  of  distance  so  that 
as  vessels  near  the  coast  they  can  be  located 
more  and  more  accurately. 

The  process  of  finding  the  position  of  a  ship 
might  be  reversed  by  equipping  the  ship 
with  the  direction  finding  apparatus  and 
sending  out  radio  signals  from  definite  shore 
stations.  This  method  is  not  as  satisfactory 
as  the  first,  mainly  because  it  is  not  possible 
to  obtain  as  great  accuracy  in  direction  find- 
ing on  shipboard  on  account  of  the  distortions 
introduced  by  the  hull  and  rigging  of  the 
vessel  itself.  This  application  of  radio  is  of 
great  value  to  navigation,  and  there  is  high 
naval  and  marine  authority  for  the  statement 
that  by  it  navigation  will  soon  be  made  simple 
and  safe.     The  importance  of  the  direction 


finder  to  navigation  can  hardly  be  overesti- 
mated, and  it  will  probably  result  in  radical 
changes  in  navigational  practice. 

Another  device  of  similar  although  more 
limited  application  possibilities  is  the  so- 
called  "pilot-cable."  This  is  not  strictly  a 
radio  device,  but  has  been  made  possible  by 
the  use  of  certain  instruments  which  were 
first  used  for  radio  purposes;  namely,  ampli- 
fiers for  magnifying  weak  electric  forces. 
The  pilot  cable  is  an  insulated  conductor 
laid  along  the  bottom  of  a  harbor  entrance 
channel,  through  which  alternating  current 
is  forced  from  a  generator  on  shore.  A  weak 
magnetic  field  is  then  present  around  the 
cable  and  can  be  detected  at  a  distance 
which  depends  upon  the  strength  of  the  cur- 
rent and  the  sensitiveness  of  the  detecting 
device  on  board  the  ship.  Of  course,  the 
field  is  strongest  near  the  cable.  A  detecting 
device,  of  either  telephone  receivers  or  some 
visible  indicator,  is  placed  on  board  the  ship 
and  connected  to  "pick-up"  coils  placed  on 
both  sides  of  the  ship.  The  signal  will  be 
heard  louder  on  the  coil  on  that  side  of  the 
ship  which  is  nearer  to  the  cable,  and  conse- 
quently if  the  ship  is  maneuvered  until  the 
signals  from  the  two  coils  are  equal  in  inten- 
sity, the  ship  will  then  be  directly  over  the 
cable.  Keeping  in  the  channel  is  accom- 
plished simply  by  maintaining  equal  intensity 
signals  from  the  two  coils.  This  device  will 
have  great  value  to  harbor  navigation  during 
foggy  weather  when  all  other  present  channel 
indications  fail.  Probably,  when  the  pilot 
cable  comes  into  general  use,  with  one  cable 
for  incoming  ships  and  another  for  outgoing — ■ 
the  two  having  some  characteristic  difference 
to  distinguish  them — the  present  dangers  and 
delays  of  harbor  navigation  during  fog  will 
be  eliminated  so  that  the  pilot  cable,  together 
with  the  radio  direction  finder,  soon  will 
have  removed  the  most  serious  present-day 
menaces  to  navigation. 

After  barely  twenty  years  of  sendee,  we 
find  that  radio  has  extended  communication 
to  ships  to  every  corner  of  the  seas,  will  pro- 
vide telephony  as  well  as  telegraphy,  and  can 
do  much  toward  increasing  the  simplicity 
and  certainty  of  navigation.  The  end  is 
not  yet,  and  we  can  reasonably  hope  for 
further  new  services  from  this  young  and 
versatile  branch  of  electrical  science. 
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Inter-communicating  and  Signalling  for 
Merchant  Vessels 

By  H.  Franklin  Harvey,  Jr 
Engineer,   Electrical  Division,  Newpori    News  Shipbuilding  &   Dry  Dock  Company 


Since  the  days  of  the  Ancient  Mariner  and 
the  advent  of  the  electrical  age,  means  for 
communicating  between  different  parts  of  a 
vessel  have  been  greatly  improved.  The 
present  day,  however,  still  finds  in  use  some 
of  the  early  mechanical  methods  of  trans- 
mitting signals.  The  captain  nevertheless  no 
longer  depends  upon  the  messenger  for  trans- 
mitting orders.  His  present  methods  are 
much  faster  and  consequently  more  effective 
in  efficiently  handling  the  vessel  and  averting 
trouble  or  disaster. 

Not  only  have  most  of  the  up-to-date 
merchant  ships  a  radio  connection  with  the 
mainland  and  other  ships  but  in  foggy 
weather  they  also  have  submarine  wireless 
warning  of  sources  of  imminent  danger  and 
by  means  of  the  buried  channel  cables  even 
have  wireless  guidance. 

The  gyro  compass,  too.  has  a  foremost 
place  in  the  handling  of  large  merchant  ships 
and  is  not  subject  to  magnetic  disturbances. 


Electrical  telegraphs  are  probably  the  most 
important  of  the  ship'scommunication  systems 
and  among  them  the  prevailing  principle  in- 
volves the  step-by-step  motor  or  the  revolving 
magnetic  pole  motor.  When  the  transmitter 
handle  is  turned  the  several  contacts  on  it 
energize  magnets  in  the  receiving  instrument 
and  reproduce  the  signal  from  the  transmitter. 
The  number  of  poles  for  the  motor  is  governed 
by  the  number  of  signals  for  the  system,  and 
the  number  of  conductors  required  between 
the  instruments  is  approximately  the  same  as 
the  number  of  signals  to  be  given. 

There  are  three  divisions  in  the  method  of 
communication  now  used:  (a)  electrically- 
operated  interior  systems  covering  telephones, 
bell  signals  and  calls,  emergency  alarms,  fire 
alarms,  rudder  indicators,  shaft-speed  indica- 
tor systems,  and  telegraph  systems 
electrically-operated  exterior  signals  covering 
radio,  Morse  signal  light,  submarine  signal, 
shore    signalling    lights,    and    ship's    whistle 
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operator;  and  (c)  mechanically-operated 
systems  covering  voice  tubes,  engine  order 
telegraphs,  docking  telegraphs,  steering  and 
rudder  telegraphs,  engine  gongs  and  other 
bells,  and  ship's  whistle  pulls. 

Electrical  Interior  Systems 

The  telephone  system  is  chiefly  employed 
for  communicating  between  the  pilot  house, 
captain's  stateroom,  chief  engineer's  state- 
room, engine  room,  and  radio  room.  These 
telephones  are  provided  with  a  calling  system 
which  enables  any  one  of  the  stations  to  be 
called  without  disturbing  the  others.  They 
are  essentially  very  different  from  those  used 
in  land  practice  on  account  of  their  subjec- 
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emergency  call  system,  the  last  being  used 
only  in  event  of  collision  or  when  other 
extreme  danger  threatens  the  ship.  Bells  or 
buzzers  are  installed  at  stations  as  required, 
such  as  pantry  and  steward,  and  they  are 
operated  by  push  buttons  at  locations  from 
which  those  attendants  are  to  be  called. 
Annunciators  are  provided  in  order  that 
the  attendant  may  identify  the  station  calling. 

Bells  or  buzzers  are  also  located  at  certain 
voice  tube  outlets  and  are  connected  to  a 
push  button  at  the  other  end  of  the  tubes. 

The  emergency  alarm  signal  is  operated 
from  the  pilot  house  by  means  of  a  switch 
connected  to  bells  located  in  passageways 
and  quarters.     This  alarm  is  sounded  only 


Fig.  2.      Thermostats  and  Wiring  Diagra 
for  Fire  Alarm  System 


Fig.  4.     Shaft  Speed 
Indicator  Outfit 


tion  to  rough  usage,  changes  in  temperature, 
salt  spray  from  the  sea,  moisture  incident  to 
sea  travel,  etc.,  all  of  which  necessitate  the 
most  rugged  and  watertight  construction, 
together  with  a  highly  efficient  and  sensitive 
design.  The  telephones  are  specially  con- 
structed to  give  service  in  the  engine  room  and 
other  locations  where  the  noise  of  running 
machinery  must  be  encountered.  In  these 
special  locations  they  are  usually  fitted  with 
an  auxiliary  receiver  for  excluding  local  noises 
and  for  aiding  in  receiving  by  employing 
the  normally  idle  ear  of  the  person  using  the 
telephone.  Fig.  1  illustrates  the  general  type 
of  telephone. 

Bell  signal  calls  are  used  for  telephones, 
voice     tubes,     special     calls,     and     for    the 


in  event  of  sudden  danger  in  order  that  the 
personnel  may  be  duly  warned. 

The  fire  alarm  system,  involving  thermo- 
stats located  in  the  freight  and  other  com- 
partments and  connected  to  an  indicator  or 
annunciator  in  the  pilot  house  or  engine  room, 
provides  adequate  fire  detection  in  those 
spaces.  The  indicator  gives  both  an  audible 
and  visible  signal,  the  latter  showing  in 
which  compartment  the  fire  condition  exists 
or  threatens.  The  thermostats  in  common 
use  are  either  of  the  fusible  spring  contact 
type  or  the  mercury  contact  type.  In  the 
fusible  spring  contact  type,  when  the  tem- 
perature reaches  the  predetermined  point  at 
which  the  thermostat  is  set,  the  contacts  are 
closed    by    the   melting    of    the    fuse  which 


192     February,  1921 


GENERAL  ELECTRIC   REVIEW 


Vol.  XXIV,  No   _' 


releases  the  spring,  thus  allowing  the  current 
ass  through  the  contact  springs,  com- 
pleting the  circuit  to  the  annunciator  and 
giving  the  alarm.  Sec  Fig.  2.  In  the  mer- 
cury type  the  mercury  column  is  connected 
at  the  bottom  to  the  circuit,  and  when  the 
temperature  in  a  protected  compartment 
rises  sufficiently  to  cause  the  mercui 
reach  the  upper  contact,  a  current  from 
a    6  to   L2-volt    I  through  the 

column  of  mercury  and  completes  the  circuit. 
The  predetermined  temperature  at  which 
these  thermostats  arc  designed  to  close  the 
circuit  is  usually  from  L50  to  190  deg.  F. 
the  circuit  is  thus  closed  the  alarm 
is  automatically  given  at  the  annunciator 
in  a  similar  manner  to  that  for  the  other 
system. 

The  rudder  indicator  system  shows  at  the 
man's  stations,  pilot  house,  and  bridge, 
the  position  of  the  rudder  in  degrees.  The 
contact  maker  is  mounted  on  the  helm  stock 
and.  as  the  rudder  turns  either  way  from  the 
center  line  of  the  ship,  contact  is  made  with 
points  corresponding  to  degrees  deviation 
thus  completing  the  circuit  to  the  indicator 
and  giving  the  angular  deflection  of  the  rud- 
der.   See  Fig.  3. 

The  shaft-speed  indicator  shows  at  the 
engine  room,  as  well  as  at  the  foregoing 
stations  for  the  rudder  indicator,  the  number 
of  revolutions  the  propeller  is  making.  To 
each  shaft  is  geared  a  generator  ranging  from 
2  to  60  volts.  The  generator  is  provided 
with  a  permanent  field  not  affected  to  any 
extent  by  variation  in  temperature.  When 
the  shaft  revolves  a  current  is  generated  and 
energizes  the  voltmeter  indicators  which  are 
calibrated  in  revolutions  per  minute.  These 
indicators  usually  have  a  compensating  resist- 
ance to  provide  for  variation  in  the  length  of 
leads.  The  rudder  indicator  and  shaft-spi  i  d 
indicator  are  not  always  used  on  merchant 
vessels.     See  Fig.  4. 

While  up  to  the  present  time  mechanically  - 
operate"  "lis  have  been  used  mostly, 

still  many  electrically-operated  ones  are  in 
service  and  arc  giving  very  satisfactory 
results.  These  usually  involve  the  com- 
bined transmitter  and  receiver  type  of 
apparatus.  At  one  end  of  the  line  is  an 
instrument  with  a  handle  which,  when 
turned,  makes  contacts  and  completes  a  cir- 
cuit to  a  magnetic  pole  in  the  receiver  at  the 
other  end  and  attracts  the  pointer  to  the 
corresponding  signal.  This  same  operation  is 
repeated  at  the  receiving  end  when  respond- 
ing to  the  signal.     See  Fig.  5. 


Electrical  Exterior  Signals 

The  submarine  signal  system  is  a  device 
for  locating  the  direction  and  approximate 
on  of  bell  buoys  along  the  coast  and  in 
shallow  waters  to  give  warning  of  approach- 
in-  or  crossing  vessels  A  receiving  set. 
similar  to  the  ordinary  telephone  type  except 
with  two  receivers,  one  for  port  and  the  other 
for  starb  ard  signals,  is  located  in  the  pilot 
house  or  chart  room.  These  arc  connected 
to  diaphragms  located  port  and  starboard 
near  the  bow  well  below  the  water  lint'  and 
suspended  in  salt  water  tanks  the  outer  sides 
of  which  arc  formed  by  the  shell  of  the  '  i 
When  a  sound  is  detected  in  either  receiver 
the  ship  is  pointed  alternately  to  port  and 
starboard  until  the  sound  waves  in  both 
port  and  starboard  receivers  are  of  the  same 
intensity  thereby  indicating  that  the  vessel 
is  heading  toward  the  source. 

The  ship's  whistle  is  operated  electrically  by 
means  of  current  obtained  from  the  ship's 
generators.  Contact  makers  located  at  the 
bridge  and  pilot  house  complete  circuits  to 
magnets  in  the  control  mechanism  and 
thereby  manipulate  the  whistle  valve  and 
allow  steam  to  enter  for  producing  the  blast. 
This  whistle  is  provided  with  a  switch  which 
will  automatically  control  the  blasts  or  allow 
them  to  be  controlled  at  will.  The  automatic 
feature  is  used  for  fog  signals  and  in  heavy 
weather  as  required  by  navigation  laws.  See 
Fig.  ti.  On  ships  without  electrical  control. 
the  whistle  is  operated  by  hand  pulls  from  the 
pilot  house  and  upper  deck. 

For  night  signalling  to  nearby  ships  or  to 
the  shore  the  Morse  signal  light  is  employed 
and  consists  of  a  watertight  lamp  installed 
in  an  elevated  position,  generally  on  a  pipe 
stanchion  on  the  top  of  the  pilot  house.  The 
Morse  code  is  used  and  three  signalling  keys 
are  ordinarily  provided,  one  in  the  pilot  house 
and  one  on  each  wing  of  the  bridge.  The  lamp 
is  usually  fitted  with  a  Fresnel  lens  for  concen- 
trating the  light  rays  in  the  horizontal  plane. 

When  loading  tankers  it  has  been  found 
necessary  to  signal  the  shore  end  of  the  pipe 
line.  For  doing  this,  two  red  lights  are  in- 
stalled on  the  mast  about  twelve  feet  apart 
vertically.  These  lights  are  operated  in  a 
pre-arranged  manner  for  giving  the  proper 
signals.  The  ship's  whistle,  operated  by  con- 
tact makers  in  the  pump  room  and  at  the 
filling  pipes,  is  also  used  for  this  purpose. 

Running-light  telltale  boards,  located  in  the 
pilot  house,  provide  a  method  of  switching 
on  or  off  the  ship's  electric  running  lights  and 
show  the  failure  of  a  lamp  in  any  one  of  the 
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Fig.  7.      Voice  Tube  Lii 


Fig.  6.      Electric  Operated  Steam  Whistle 


Fig.  8       Mechanical  Engine 
Order  Telegraph  System 
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various  running  lights  by  means  of  an  indicat- 
ing relay  in  each  running  light  circuit.  A 
buzzer  signal  also  indicates  the  failure  of  a 
light  and  a  second  lamp  in  the  light  may  be 
immediately  switched  on  at  the  telltale  board. 
This  practice  board  prevents  a  running  light 
from  being  in  darkness  any  appreciable 
length  of  time  and  obviates  the  possible 
necessity  of  climbing  the  mast  in  the  darkness 
to  replace  a  lamp. 


ill  i|l  ill  Jl  ill  ill  ifl  1'  "II  i|'  '    'I 
ll  ll  ill  ill  ill  ll  ill  ill  ill  "I  '    « 


ill  III  ill  ill 


Fig    Q       Running  Light  Telltale  Board  Which  Indicates  Outage 

of  a  Running  Light  and  Provides  the  Means  of  Cutting 

in  the  Spare  Bulb  When  This  is  Desired  Owing 

to  Darkness,  Heavy  Seas.  etc. 


The  latest  type  of  telltale  board  is  fused  on 
all  circuits  and  provides,  in  addition  to  its 
warning  and  switching  facilities,  a  convenient 
distribution  panel  for  the  various  running 
light  circuits.  The  boards  are  now  built  in 
unit  sections  and  can  be  readily  extended 
to  care  for  additional  lights  by  the  addition  of 
relay  panel  units.     Sec  Fig.  9. 

Mechanical 

Instead  of  depending  wholly  upon  tele- 
phones, voii  ire  also  used  for  com- 
munication between  the  pilot  house  and  the 
following  stations:  captain's  room,  engine 
room,  radio  room,  crow's  nest,  to  the  check 
compass  at  the  top  of  the  pilot  house,  and 
such  other  stations  with  which  direct  com- 
munication is  especially  desired.  These  tubes 
range  from  1  '  .■  u  •  i'1  ,  inches  in  diameter  and 
have  mouthpiece  each  end  of  the  line  for 
concentrating  and  properly  directing  the 
voice.  Occasionally,  there  is  a  low-voltage 
bell  at  each  mouthpiece  operated  by  a  push 
button  at  the  oppo  ite  end  of  the  tube  and 
used  for  attracting  attention.  Ordinarily, 
however,  these  tubes  have  whistles  inserted 
in  the  mouthpiece.  These  are  blown  by  the 
party  desiring  to  call  at  the  other  end  and 
serve  the  same  purpose  as  the  call  bell.  See 
Fig  7. 


The  mechanical  engine  telegraph  provides 
a  means  of  communicating  orders  from  the 
bridge  and  pilot  house  to  the  engine  room 
for  directing  the  "iteration  of  the  main  pro- 
pelling machinery.  Transmitters  are  located 
at  the  bridge  or  pilot  house  and  sometimes  in 
inul tij ile  at  both,  and  are  equipped  with  dials 
■  in  which  the  necessary  orders  are  radially 
marked  for  governing  the  direction  and  speed 
of  the  ship.  The  instruments  are  fitted  with 
a  handle  and  pointer  for  transmitting  the 
messages,  and  with  an  indicating  arrow  for 
receiving  the  reply  from  the  engine  room 
A  similar  machine  is  fitted  in  the  engine 
room.  These  stations  are  inter-connected 
by  heavy  brass  wire  leads  for  all  straight  runs 
and  at  all  turns  these  leads  are  connected  to 
brass  chain  leads  around  pulleys.  The  orders 
to  the  engine  room  are  transmitted  by  moving 
the  handle  on  the  pilot  house  or  bridge  trans- 
mitter until  its  pointer  is  over  the  desired 
signal.  This  movement  is  transmitted  over 
one  pair  of  wire  leads  to  the  arrow  on  the 
engine  room  indicator.  When  turning  the 
handle  a  bell  signal  is  given  at  the  indicator 
between  each  order  for  calling  attention  to 
the  change  in  orders.  The  reply  from  the 
engine  room  indicator  handle  is  made  in  a 
similar  manner  over  another  pair  of  wire 
leads.  The  adjustment  of  leads  is  made  by 
locked  turnbuckles  and  a  uniform  tension  is 
provided  by  the  use  of  compensators  which 
allow  for  expansion  and  contraction  ami  for 
the  working  of  the  hull  in  heavy  sea.  The 
latter  requirement  is  an  importanl  factor 
incident  to  the  larger  ships  and  especially 
"tankers."     See  Fig    S 

The  docking  and  steering  telegraphs  are 
identical  in  principle  with  the  engine  tele- 
graphs and  differ  only  in  the  dial  markings. 
The  reply  for  the  steering  telegraph,  how- 
ever, is  usually  given  by  the  actual  response 
of  the  rudder  and  is  controlled  by  a  quadrant 
attached  to  the  rudder  head.  This  quadrant 
is  properly  connected  for  returning  the 
ii  >n  of  the  rudder  in  degrees  to  the  trans- 
mitting stations. 

The  engine  gong  and  jingle  bell  signals 
were,  prior  to  the  last  two  decades,  used 
almost  exclusively  for  transmitting  engine 
orders  from  the  bridge  or  pilot  house  to  the 
engine  room.  They  are  still  occasionally 
fitted  as  an  auxiliary  to  the  engine  telegraph 
system,  and  on  tug  boats  and  river  steamers 
are  used  in  lieu  of  the  telegraphs.  Hand  pulls 
are  located  at  the  bridgeor  pilot  houseorboth, 
at  the  sides  of  the  ship,  and  sometimes  on  the 
top  deck  at  the  stern.     These  pulls  operate 
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a  large  double  hammer  type  gong,  usually  18 
inches  in  diameter  with  the  starboard  pulls 
connected  to  one  hammer  and  the  port  pulls 
to  the  other.  The  jingle  bell  is  located  near 
the  main  gong  and  is  used  in  conjunction  with 
it  for  giving  the  complete  signals.  For  a  reply 
to  the  pilot  house  a  hood  is  fitted  over  the 
gong  and  jingle  and  is  connected  by  a  brass 
tube  to  a  sounder  in  the  pilot  house.  The 
sound  of  the  gong  and  jingle  is  thus  con- 
ducted back  to  the  sending  station. 

The  ship's  whistle,  in  addition  to  electrical 
operation  as  previously  mentioned,  is  also 
operated  by  means  of  hand  pulls  located 
in  the  pilot  house  and  on  the  bridge.     These 


are  connected  to  a  lever  which  operates  the 
steam  valve  on  the  whistle.  The  method  of 
transmission  is  the  same  as  for  mechanical 
telegraphs,  except  that  only  one  lead  wire 
is  used. 

On  large  merchant  liners  several  other 
electrical  systems  are  used  but  in  this  article 
only  the  ones  applying  to  the  majority  of  the 
average  size  merchant  vessels  have  been 
covered.  There  appears  to  be  no  limit  to  the 
application  of  electrical  means  for  com- 
municating signals  and  consequently  the 
number  of  systems  installed  are  governed 
by  the  cost  involved  and  the  desire  of  the 
ship  owners. 


Special  Electric   Instruments  for  Electric 
Driven  Ships 

By  A.   H.  Mittag 

Engineering  Department,  General  Electric  Compan'v 


In  connection  with  the  development  of 
electric  ship  propulsion,  there  has  arisen  the 
need  of  some  new  electrical  instruments. 
Two  of  these  have  been  developed  and  are  in 
use  on  the  U.  S.  S.  New  Mexico,  S.  S.  Eclipse, 
and  S.  S.  Cuba.  These  instruments  are  known 
as  the  "excitation  indicator"  and  the  "field 
temperature  indicator.  " 

In  Fig.  1  is  shown  the  main  operating  board 
of  the  S.  S.  Cuba.  The  upper  right-hand 
instrument  is  the  alternator-field  temperature 
indicator  and  the  lower  left -hand  one  is  the 
excitation  indicator. 

Excitation  Indicator. 

The  excitation  indicator  shows  the  operator 
when  he  has  the  correct  value  of  alternator- 
field  excitation,  and  when  this  excitation  is 
not  correct  it  indicates  whether  the  excitation 
must  be  raised  or  lowered.  It  also  indicates 
whether  the  motor  and  alternator  are  oper- 
ating on  the  stable  or  unstable  side  of  their 
combined  characteristics,  or  in   other    words 


whether  the  motor  is  "in  step"  or  "out  of 
step"  with  the  alternator.  Strictly  speaking 
an  induction  motor  is  never  "in  step"  since 
it  always  runs  at  a  slip,  but. the  expression  is 
here  used  to  indicate  that  the  motor  is  oper- 
ating between  synchronism  and  maximum  or 
breakdown  torque. 

The  correct  excitation  of  the  alternator 
field  is  the  lowest  excitation  that  will  hold  the 
motor  in  step.  This  is  the  most  economical 
way  to  run  and  also  gives  the  least  amount  of 
heating  of  the  alternator  field.  It  is  of  impor- 
tance to  keep  the  heating  of  the  alternator 
field  down  to  a  minimum  since  this  becomes 
hot  before  any  other  part  of  the  alternator  or 
motor. 

The  excitation  indicator  can  be  used  regard- 
less of  whether  the  motor  is  an  induction  or 
synchronous  machine.  However  in  the  case 
of  synchronous-motor  drive,  the  excitation  of 
the  motor  field  should  be  varied  together  with 
the  alternator  field  so  as  not  to  change  the 
line  power-factor. 
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In  Fig.  2  is  sh  ami  sketch 

of  the  excitation  indicator  and  its  connections 
to  the  lines  between  alternator  and  motor 
As  will  be  seen  then'  are  two  elements  in  this 
instrument,  one  a  current  element  and  the 
cither  a  potential  element.     The  vanes  o 


Cperating  Eoard  of  Steamship  Cuba 


two  elements  are  connected  to  a  common 
movable  shaft,  and  in  such  a  way  that  when 
the  stationary  coils  are  excited,  the  torques 
produced  in  the  vanes  are  opposite  or  buck- 
ing. Since  there  is  no  spring  acting  on  the 
moving  parts,  the  position  taken  by  the  shaft 
to  which  the  pointer  is  attached  depends  only 
on  the  ratio  of  currents  in  the  stationary 
coils  oi  elements.     The  current  ele- 

ment is  connected  directly  to  a  current  trans- 
former in  the  line  between  alternator  and 
motor.  The  potential  element  is  connected 
in  series  with  a  high  reactance  %  and  then  to 
ntial  transformer  as  shown  in  Fig.  2. 
Thus  the  current  in  the  potential  coil  is 
onal  io  line  voltage,  and  on 
account    of    the    reactance   x   it    is   invi 

rtional  to  the  frequency  of  the  line  volt- 
tion  of  the  pointer 


depends  on  line  volts  divided  by  line  amperes 
and  line  frequency  or 

Volts 

Amperes  X  Frequency 

If  saturation  in  an  alternator  is  neglected, 
then  for  any  value  of  alternator-field  excita- 
tion at  a  constant  frequency  and  power-factor 
the  ratio  of  line  volts  divided  by  line  amperes 
is  constant  at  the  maximum  of  the  kilowatt 
output  curve.  As  a  rule  there  is  little  or  no 
saturation  in  an  alternator  when  it  is  loaded 
up  to  maximum  output  with  any  value  of  field 
excitation  that  can  be  left  on  continuously, 
since  due  to  the  regulation  the  line  voltage 
will  be  below  normal.  If  the  line  current, 
power-factor,  and  excitation  are  kept  con- 
stant, then  the  line  voltage  and  kilowatts  out- 
put will  vary  directly  as  the  frequency.  From 
this  it  follows  that  the  fraction 

Volts 

Amperes  X  Frequency 
is  constant  when  the  alternator  is  loaded  up 
to  maximum  kilowatts  output  at  a  given 
power-factor  regardless  of  what  the  speed  of 
the  alternator  or  its  field  excitation  may  be. 
it  being  understood  that  the  field  excitation 
i-  a  'i  higher  than  can  be  left  on  continuously. 

Therefore  since  the  position  of  the  pointer 
of  the  excitation  indicator  depends  on  the 
same  fraction,  this  position  is  always  the 
same  when  the  alternator  is  operating  at  its 
maximum  kilowatts  output  regardless  of  ex- 
citation or  speed.  If  at  a  constant  load  the 
alternator  is  operating  at  its  maximum  out- 
put and  if  the  field  excitation  is  then  increased. 
the  line  volts  will  increase  and  the  line 
amperes  will  decrease  causing  the  excitation 
indicator  pointer  to  move  in  a  certain  direc- 
tion; while  if  the  field  excitation  is  decreased, 
the  line  volts  will  decrease  and  line  amperes 
will  increase  causing  the  excitation  indicator 
pointer  to  move  in  the  opposite  direction. 
Thus  the  position  of  the  pointer  indicates 
whether  the  alternator  is  operating  on  the 
maximum  of  its  output  curve:  whether  it  is 
on  the  stable  side,  that  is.  on  the  side  where 
an  increase  in  line  current  gives  an  increase 
in  kilowatts;  or  whether  it  is  on  the  unstable 
side  of  ns  output  curve,  that  is,  on  the  side- 
where  an  increase  in  line  current  gives  a 
ase  in  kilowatts.  This  decrease  in  kilo- 
output  is  due  to  the  fact  that  the  volt- 
age decreases  at  a  greater  rate  than  the  cur- 
rent increases. 

In  the  case  of  electric  ship  propulsion 
equipments,  the  alternator  can  not  hold  the 
driving  motor  in  step  when  operating  on  the 
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unstable  side  of  its  output  curve  regardless 
of  whether  the  motor  is  an  induction  or  a 
synchronous  motor,  and  if  the  motor  is  out 
of  step  it  will  pull  the  alternator  over  on  the 
unstable  side.  Therefore  when  the  pointer 
of  the  excitation  indicator  is  in  the  region 
showing  that  the  alternator  is  operating  on 
the  unstable  part  of  its  characteristic,  the 
motor  is  out  of  step  and  should  be  brought 
into  step;  and  when  the  pointer  is  in  the 
region  showing  that  the  alternator  is  operat- 
ing on  the  stable  side  of  its  characteristics,  the 
motor  is  in  step. 

To  run  at  the  highest  economy  and  with  least 
heating  of  the  alternator  field,  the  alternator- 
field  excitation  should  be  kept  as  low  as  will 
hold  the  motor  in  step;  in  other  words,  the 
alternator  should  operate  as  near  the  maxi- 
mum of  its  output  characteristic  as  the 
variations  in  propeller  load  will  allow. 

This  instrument  cannot  be  taken  from  one 
electric  drive  equipment  and  be  connected  to 
another  equipment  of  different  design  without 
changes  and  recalibration. 
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necessary    on    the   field   of   the   synchronous 
motor. 

A  diagrammatic  sketch  of  this  instrument 
with  connections  to  the  alternator-field  cir- 
cuit is  shown  in  Fig.  3,  where  it  will  be  seen 
it  is  similar  to  the  excitation  indicator.  It 
consists  of  two  elements,  a  potential  and  a 
current  element.  The  vanes  are  attached  to 
a  common  movable  shaft  at  such  an  angle 
with  respect  to  each  other  that,  when  the  two 
stationary  coils  are  excited,  the  torques 
produced  in  the  vanes  are  in  opposite  direc- 
tions or  bucking.  There  is  no  spring  acting 
on  the  movable  shaft.  The  resultant  position 
taken  by  the  shaft,  to  which  a  pointer  is 
attached,  depends  only  on  the  ratio  of  cur- 
rents in  the  two  stationary  coils;  or  since  one 
coil  is  connected  across  the  field  and  the  other 
in  series  with  the  field,  it  depends  on  the  ratio 
of  volts  applied  to  the  field  to  the  current  in 
the  field,  or  in  other  words,  the  field  resistance. 


Fig.  2.      Diagram  of  Excitation  Indicator 


Alternating-current  Generator  Field 
Tempe.ature  Indicator 


Field-temperature  Indicator. 

The  field-temperature  indicator  is  an  instru- 
ment that  shows  the  temperature  of  the 
field  conductor  and  depends  for  its 
operation  on  the  change  in  resistance  of  a 
conductor  with  change  in  its  temperature. 
It  really  indicates  electrical  resistance,  but 
instead  of  a  scale  of  resistance  a  scale  of  tem- 
perature in  degrees  Fahrenheit  is  used. 

This  instrument  is  employed  on  the  alter- 
nator field   onlv,   no   such   instrument   being 


Then  since  there  is  a  definite  relation  between 
the  resistance  of  a  copper  conductor  and  its 
temperature,  the  instrument  is  calibrated 
directly  for  temperature. 

The  instrument  has  to  be  calibrated  for  the 
field  to  which  it  is  to  be  connected  and  cannot 
be  used  on  another  alternator  without  recali- 
bration, since  the  field  resistance  of  another 
alternator  may  be  entirely  different  at  the 
same  temperature. 
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Ship  Lighting 

By  R.  W.  Peden 
Edison  Lamp  Works,  General  Ei  ectrk   Company 


Introductory 

Ship  lighting  is  an  interesting  ami  broad 
subject,   for  the  modern  passenger  vessel  is 

virtually  a  small  town  with  diversified  lighting 
demands  jusi  asfoundon  shore.  The  problem 
is  further  complicated  by  the  fact  that  there 
is  a  minimum  of  space  available  for  hanging 

fixtures.  There  are  no  walls  in  which  to 
a]  the  wiring  and,  in  the  majority  of 
it  is  impossible  to  take  advantage  of 
many  of  the  methods  of  installation  which  arc 
used  on  land  and  which  add  much  to  the 
appearance  of  the  system  in  general. 

It  is  interesting  to  note  that  the  steamship 
(  'olumbia,  built  in  1879,  was  sent  to  Xew  Vork 
City  in  l.SM)  in  lie  lilted  with  the  first  Edison 
incandescent  lighting  plant  that  was  ever 
installed  fur  commercial  use.  The  original 
methods  of  application  were  indeed  crude 
compared  with  present-day  standards. 

Ship  lighting  has  since  advanced  by  rapid 
strides,  hut  the  decorative  features  have 
^sed  faster  than  the  utility  develop- 
ments. This  is  parallel  with  other  experience. 
Industrial  lighting,  for  example,  has  been  long 
neglected,  glaring  and  inefficient  sources  being 
employed.  The  day  is  not  far  distant,  how- 
ever, when  those  having  authority  over  ships 
will  realize  the  advantages  of  modern  lighting 
equipment.  The  lighting  of  the  working 
parts  of  the  ship  offer  the  greatest  opportunity 
for  improvein 
Special  Requirements  of  Wiring 

Escape  from  a  ship  at  sea  is  always  accom- 
panied by  considerable  danger  and  therefore 
it  is  most  essential  that  the  fire  hazard  lie 
reduced  to  a  minimum  by  employing  only 
high-grade  wiring  systems  and  suitable  fittings. 

In  passenger  vessels,  especially,  precautions 
should  he  taken  to  include  duplicate  generat- 
ing equipment.  Both  turbine  generators  and 
cal  reciprocating  engines  are  used  as 
prime  movers.  The  capacity  of  generators 
from  one  kilowatt  on  small  vessels  to 
-Hill  kilowatts  on  large  ocean  liners. 

The  advantages  of  strength  and  reliability 
of  110-volt  lamps  have  been  generally  recog- 
nized and  three-wire  220-volt,  or  two-wire 
110-volt  distributing  systems  are  employed. 
In  the  best  installations,  the  power  and  j 
ing  circuits  are  separate. 

The  protection  of  feeders  is  one  of  the  most 
important  considerations  in  the  wiring  of  a 


vessel.     Preservation  of  the  life  of  the  travel- 
ing  public   and    continuity    of   service   both 

depend  Upon  it. 

Special  Requirements  of  Fixtures 

The  electric  fittings  used  on  board  ship 
must  be  of  strong,  substantial  design  and 
sufficiently  rigid  to  withstand  the  motion  of 
the  vessel.  In  general,  the  low  head  room 
makes  it  necessary  that  they  be  short.  There 
arc  three  general  classes  of  fixtures  to  be 
found  on  the  modern  vessel:  (1)  special 
ornamental  or  decorative  fittings  for  the 
salon,  music  hall,  smoking  room,  first-class 
dining  room  and  the  like  (these  are  of  the 
same  general  type  as  used  on  land) ;  (2)  utility 
type  fixtures,  such  as  are  employed  in  the 
general  state  rooms,  passageways,  and  similar 
parts  of  the  boat  (these  correspond  to  the 
commercial  type  of  fixtures  used  where 
especial  attention  is  not  paid  to  artistic 
results);  (•'!)  water-tight  fittings  such  as  are 
necessary  in  the  engine-room,  on  the  open 
deck  and  other  parts  of  the  vessel  exposed  to 
the  elements. 

The  essential  parts  of  a  water-tight  fixture 
are  a  cast-iron  or  steel  fitting  into  which  a 
glass  enclosing  globe  may  be  screwed  and  a 
rubber  gasket  placed  between  the  metal  and 
glass.  The  metal  fitting  is  attached  to  the 
conduit  or  may  be  fastened  to  a  water-tight 
pull  box.  Most  water-tight  fittings  are  so 
constructed  as  to  make  possible  the  attach- 
ment of  a  wire  guard  for  protection  of  the 
globe  from  mechanical  injury.  Clear  Mazda 
lamps  are  usually  employed,  although  in 
many  instances  frosted  or  enameled  lamps  are 
desirable  on  account  of  the  added  diffusion. 
Reflectors  are  rarely  used,  although  they  can 
be  satisfactorily  accommodated  to  this  type 
of  fitting  and  their  use  would  prove  of  value 
in  many  cases. 

LIGHTING   PRACTICE   AND 
REQUIREMENTS 
Salons 

The  decorative  element  of  lighting  is  pre- 
dominant in  salons.  If  space  permits, 
massive  ornamental  ornate  fixtures  are  em- 
ployed; often  of  special  design  as  indicated  in 
Fig.  1.  No  set  rules  can  be  laid  down  for  the 
lighting  as  the  keynote  of  an  artistic  installa- 
tion  is  originality,   but  whatever  system   is 
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emplo  i  uld  serve  to  make  the  room 

comfortable.   Brightlighl  sources  particularly 

■    dark    backgrounds    are  glaring    and 

annoying.  intensity  in  the  neigh- 

iod    of    two    or    three    foot-candles    is 

adequate  for  the  purposes  for  which   these 

of  the  ship  are  used. 

Where  the  ceilings  are  low  as  indicated  in  Fig. 

2,  it  is  necessary  to  number  of  smaller 

units  to  get  a  suitable  distribution  of  light. 

Writing  Room  or  Library 

The  warm, cozy  effect  necessary  when  illumi- 
nating a  room  of  this  character  is  obtained  by 
the  use  of  a  low  intensity  of  general  illumina- 
tion from  some  form  of  decorative  overhead 
fixture  supplemented  by  candlestick  brackets 
rnces.  Suitably  shaded  decorative  read- 
ing lamps  on  the  writing  desks  give  another 
touch  to  the  installation.  A  library  on  a 
large  liner  where  this  general  scheme  of 
illumination  is  followed  is  pictured  in  Fig.  3. 

Dining  Room 

The  dining  room  of  the  modern  ocean 
liner  offers  conditions  quite  similar  to  those 
of  the  first-class  hotel  grill  room  with  its  low 
ceiling.  Two  practices  exist  as  to  lighting: 
the  provision  of  a  sufficient  intensity  of 
general  illumination  by  means  of  small  rather 
closely  spaced  overhead  units,  or  the  use  of  a 
low  intensity  of  general  illumination  sup- 
plemented by  local  or  table  lamps  throughout 
the  room.  The  second  practice  is  pictured  in 
Fig.  4.  As  would  be  expected,  the  lighting  in 
the  second  and  third-class  dining  rooms  is 
considerably  less  ornate  and  the  fixtures  are 
of  a  more  utilitarian  character. 

Smoking  Room 

The  decorative  requirements  and  the  neces- 
sity for  comfortable  lighting  are  common  in 
this  room  as  well  and  individuality  of  treat- 
ment is  desirable.  A  moderate  intensity  of 
general  illumination,  approximately  three 
foot-candles,  is  desirable  in  order  that  card 
games  may  be  indulged  in  without  eye  strain. 

State  Room 

The  state  room  is  essentially  the  bed  room 
of  two  or  more  persons.  It  must  at  the  same 
time  be  the  lady's  boudoir,  the  gentleman's 
dressing  room,  and  not  uncommonly  it  is 
called  upon  to  take  the  place  of  the  hospital 
ward.  Thus,  there  are  four  distinct  rooms 
in  one  which  seldom  occupies  a  space  greater 
than  8  by  8  by  7  feet.  Despite  the  minimum 
available,  the  traveling  public  wants 
the  same  conveniences  on  shipboard  as  are 


found  on  land  under  similar  conditions,  that  is. 
tin-  lied  room  must  have  good  general  illumi- 
nation supplemented  by  reading  lamps  at  the 
heads  of  the  beds.  The  boudoir  must  be  so 
lighted  a-  to  producea  warm  and  cozy  e 
at  the  same  time  supplying  ample  illumina- 
te .ti  nil  thedressing  table.  The  men's  dressing 
i-M,  ,in  requires  good  illumination  at  the  mirror 
for  shaving;  while  the  hospital  ward  calls  for 
a  subdued  light  which  will  add  to  the  comfort 
■  i  the  patients  and  yet  permit  the  nurse  or 
attendant  to  move  about  with  facility. 

It  is  obviously  impossible  to  meet  all  these 
requirements  in  the  most  effective  manner 
in  the  space  available  and  as  a  result,  in  many 
instances,  very  little  consideration  has 
given  to  the  lighting  of  the  state  room.  The 
view  shown  in  Fig.  5  is  fairly  typical  of  the 
average  installation.  A  single  unit  consisting 
of  a  very  simple  type  of  ceiling  receptacle 
with  a  round  bulb  all-frosted  Mazda  lamp  is 
placed  in  the  center  of  the  open  space.  At 
the  side  of  the  berth  will  be  noticed  a  portable 
auxiliary  unit. 

In  some  of  the  more  recent  installations, 
the  first-class  state  rooms  of  modern  ocean 
liners  have  very  elaborate  systems  of  lighting. 
Such  installations  are  very  satisfactory  and 
illustrate  what  an  important  adjunct  propi  r 
lighting  is  for  comfort  and  convenience. 

Working  Areas 

The  United  States  Navy  has  conducted 
scientific  research  along  the  lines  of  the 
physiological  effect  of  proper  and  adequate 
lighting  on  the  crew  and  on  the  consequent, 
handling  of  the  ship  in  general. 

It  has  been  shown  that  good  illumination 
creates  cheerful  surroundings,  inspires  en- 
deavor, and  results  in  better  performance.  In 
addition  to  preventing  accidents  that  are 
caused  by  inability  to  see  clearly,  it  enables  the 
crew  to  move  about  theirwork  quickly,  easily, 
and  with  confidence.  These  factors  mak< 
sible  the  proper  and  rapid  loading  of  the  \ 
thus  economizing  time  at  the  dock  and  pre- 
venting the  shifting  of  cargo  when  at  sea. 

Engine  and  Fire-room 

It  is  very  difficult  to  illuminate  properly 
such  spaces  as  the  engine  and  fire-room  on 
account  of  the  multitude  of  overhead  pipes, 
beams,  and  deck  supports.  The  surroundings, 
too.  are  often  of  a  dark  color. 

It  is  often  necessary  to  make  repairs  when 
at  sea  or  under  other  circumstances  where 
time  is  a  valuable  asset  and  since  a  very  high 
intensity  of  light  is  thus  temporarily  rendered 
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tial  numerous  outlets  for  auxiliary  units 
must  be  provided. 

In  modern  installations,  the  type  of  fix- 
tures are  materially  the  same  as  those  em- 
ployed on  land  under  similar  conditions, 
but  the  addition  of  suitable  reflectors  and 
diffusing  mediums  adds  materially  to  the 
utility  and  appearance  of  the  entire  system. 
Figs.  6  and  7  are  typical  modern  installations 
for  engine-room,  tire-room,  auxiliary  engine 
spaces,  etc  A  comparison  of  the  two  illus- 
trations reveals  the  advantage  of  a  white 
finish  for  interiors. 
Galleys 

In  the  galley,  light  is  essential  for  three 
purposes:  First,  to  enable  the  cooks  and 
other  attendants  to  prepare  the  meals  with 
sanitation  and  ease:  second,  to  supply  a  light 
of  sufficient  intensity  to  impart  confidence  to 
the  stewards  as  they  move  around  with 
loaded  trays:  and.  third,  to  insure  the  rapid 
loading  and  handling  of  supplies. 

Since  the  benches,  tables,  and  cooking 
ranges  serve  as  the  boundaries  of  the  various 
passages,  good  results  may  be  obtained  by 
installing  a  sufficient  number  of  unit- 
the  former.  Fig.  8  shows  an  installation  of 
this  nature  i  >  :iling  is  usually  a  pure 

reflectors  are  not  as  essential  here  as 
in  many  other  areas.  Glaring  clear  lamps  and 
clear  globes  should  always  be  avoided,  and 
the  units  should  be  placed  close  to  the  ceiling 
rather  than  hung  low.  because  glare  and 
accidental  breakage  is  thus  diminished. 

Freight  Decks 

From  the  point  of  view  of  the  illuminating 
engineer,  the  freight  decks  are  practically  an 
untapped  field.  The  majority  of  modern 
ships  have  no  permanent  artificial  light  in 
the  freight  spaces  because  there  is  no  fixture 
on  the  market  today  which  is  rugged  enough 
to  withstand  the  service  to  which  it  is  here 
subjected  during  loading  and  unloading: 
also,  construction  of  these  spaces  and  the 
use  made  of  them  renders  it  difficult  to  so 
conceal  the  wiring  as  to  adequately  guard  it 
against  injury. 

Portable  units  are  now  in  use  in  these 
spaces.    Thi  he  multi-lamp  type  and 

employ  porcelain  enamel  reflectors.  Some  in- 
stallations provide  vapor-proof  portable  recep- 
tacles on  each  deck  at  the  hatchway,  but  this 
is  an  unsatisfactory  arrangement  as  the  port- 
able units  are  in  the  way  and  the  conduits 
:  ten  wrenched  from  their  fastenings. 

Speaking  of  the  working  areas  in  general, 
the  absence  of  good  illumination  cannot  be 


attributed  to  economic  causes  Most  lands- 
men are  forced  to  buy  power  from  an  inde- 
pendent company  but  ship  operators  generate 
current  for  their  own  use  and  consequently 
pay  a  minimum  price.  Hence,  from  a  supply 
point  of  view,  the  ship  owner  has  the  advan- 
i  his  brother  on  land  yet  has  been  slow 
to  profit  by  the  result  of  recent  experiments. 
The  remedying  of  this  condition  is  a 
problem  which  can  be  solved  only  by  exten- 
sive experiment  and  close  co-operation  between 
fixture  manufacturing  companies,  shipping 
concerns,  and  insurance  authorities.  There 
ran  lie  no  doubt  that  infinitely  better  sys- 
tems than  those  in  use  could  be  found. 

Passageways  and  Decks 

On  the  modern  ocean  liner,   passageways 
are  so  constructed  as  to  allow  two  per- 
pass  each  other,  yet  each  passage  may  serve 
as  the  gateway  for  a  hundred  or  more  state 
rooms.     These  passages  are  generally  li 

i  n  two  rows  of  state  rooms,  hence  very 
little  daylight  can  penetrate  to  them  and 
artificial  light  must  be  used  continuously. 
A  good  .  >neral  illumination  meet^  the  re- 
quirements at  all  times,  but  it  is  advisable 
to  have  some  device  for  increasing  the  night 
intensity  over  that  used  in  the  daytime. 
Here,  as  in  other  parts  of  the  boat,  flat  white 
finish  of  surrotmdings  reduces  glare  and  gives 
better  diffusion. 

The  illumination  on  the  open  decks  should 
be  sufficient  to  reveal  obstacles,  but  a  high 
intensity  is  not  desirable,  for  the  public  pre- 
fers to  take  full  advantage  of  moonlight 
scenes  on  the  water  and  this  is  impossible 
when  the  local  illumination  is  intense.  The 
lighting  arrangements  vary  but  little,  vapor- 
proof  fixtures  being  placed  overhead  at  dis- 
tances from  15  to  20  feet.  Clear  outer  § 
are  most  common  with  clear  Madzalan 
the  source  of  light. 

Conclusion 

The  foregoing  article  has  been  confined  to 
the  more  important  phases  of  ship  lighting. 
It  is  obviously  impossible  to  take  up  such  a 
broad  subject  in  detail  in  a  limited  space. 
The  general  practice  has  been  pointed  out  but 
the  best  results  can  be  obtained  only  by 
thorough  familiarity  with  the  actual  con- 
ditions under  which  an  installation  is  to 
operate.  This  can  best  be  accomplished  by 
whole-hearted  co-operation  between  the  ship- 
ping companies  themselves  and  the  manu- 
facturers    of    electric     lighting    "equipment. 
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Merchant  Marine  Searchlights 

By  G.  E.  Young 
Searchlight  Department,  General  Electric  Company 


There  is  an  increasing  realization  among 
ship  builders,  ship  owners,  and  mariners  that 
the  searchlight  is  an  essential  part  of  a  ship's 
equipment  and  that  the  operation  of  a  ship 
without  a  searchlight  amounts  to  taking  an 
unnecessary  risk,  not  only  in  regard  to  the 
ship  and  her  cargo  but  in  regard  to  the  lives 
of  passengers  and  crew.  This  is  evident  when 
we  consider  its  uses  in  connection  with  the 
following: 

1.  Locating  man  overboard. 

2.  Assisting  another  ship  in  distress. 

3.  Passing  through  wreckage. 

4.  Signalling   between    ships   or   between 

ship  and  shore  when  the  searchlight 
is  equipped  with  a  signalling  shutter. 

5.  Lighting  buoys  and  other  navigational 

marks. 

6.  Lighting   docks   in    landing    or   during 

coaling  operations. 


Modern  searchlights  are  equipped  with 
automatic-feed  horizontal-carbon  type  lamps 
and  require  very  little  attention  during  opera- 
tion. Four  types  of  control  have  been 
developed,  each  finding  its  application  under 
various  installation  conditions. 

The  hand-control  type  is  operated  in  both 
horizontal  and  vertical  planes  by  the  use  of 
handles  attached  to  the  searchlight  barrel  as 
shown  in  Fig.  1. 

The  pilot-house  control  type  is  mounted  on 
the  roof  of  the  pilot  house  and  is  controlled 
from  inside  the  pilot  house  by  a  single  lever 
as  shown  in  Fig.  2. 

The  rope-control  type  is  a  modification  of 
the  pilot-house  control  type  and  is  controlled 
by  a  single  lever  which,  instead  of  being 
directly  attached  to  the  searchlight,  is  con- 
nected to  it  by  bronze  tiller  ropes  which  pass 
over    sheaves    and    thus    allow    the    control 
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handle  to  be  mounted  ina  position  which  is  no1 
arily  in  direct  line  with  the  searchlight. 
The  electric  control  type  permits  the  mount- 
ing of  tin-  searchlighl  in  any  position,    orm 

i'i  .1  plat  form  well  above  the  deck,  and 
the  control  of  it  from  <  me  or  more  stations  in 
any  part  of  the  ship  Connection  is  made 
between  the  searchlight  and  the  electric 
controller  by  a  multi-conductor  cable,  and  a 
er  switch  mav  be  installed  to  throw  the 


ol   from  one  station   to  another,      k  is 
often  convenient  to  have  a  control  station  at 
each  end  of  the  bridge.     Pig.  •'■!  illustral 
searchlight  of  the  type  described. 

A  distanl  electric  control  lias  recently  been 
developed  in  which  only  one  motor  is  used, 
the  movements  up  and  down  and  righl  and 
left  being  obtained  by  magnetic  reversing 
clutches  operated  by  the  distant  electric 
controller. 


The  Electrically  Propelled  Cargo  Boat  Eclipse  and 
Passenger  Ship  Cuba 


By  E.  C.  Sanders 
General  Electric  Review 


One  of  the  outstanding  engineering  achieve- 
ments of  the  past  decade  is  the  successful 
development  of  means  whereby  the  economi- 
cal high-speed  turbine  is  made  applicable  to 
ship  propulsion.  During  this  period,  turbine- 
electric  drive  of  large  naval  vessels  and 
turbine-gear  drive  of  merchant  ships  have 
demonstrated  their  superiority  over  recipro- 
cating-engine and  low-speed  direct-connected 
turbine  drive  for  these  types  of  craft.  It  is 
quite  fitting,  therefore,  that  the  closing 
months  of  1920  should  give  birth  to  a  further 
innovation,  the  turbine  electric  drive  of 
merchant  ships. 

Future  development  along  this  line  of 
application  will  be  greatly  facilitated  by  the 
fact  that  the  two  initial  installations  will 
afford  an  exceptional  opportunity  to  study 
simultaneously  the  performance  of  electric 
equipment  of  different  character  in  different 
service;  induction-motor  drive  m  the  cargo 
boat  Eclipse  and  synchronous-motor  drive 
in  the  express  passenger  boat  <  uba.x 

Fortunately,  for  the  sake  of  further  com- 
parison,  electrification  on  the  Cuba  has  been 
extended  to  include  the  deck  and  engine-room 
auxiliaries,   while  steam   operation   has   been 

led  fur  the  corresponding  equipmi 
the  Eclipsi  "    This  divergence  can  but    result 
in  verifying  the  economy  of  electric  drive  for 
mdary  equipment  of  a  ship. 

1  In  connection  with  these  installations,  it    is  of  interest  to 

note  tha  pulsion  machinery  replaced  turbine-gear 

the  Eclipse  and  reciprocating-engine  drive  in  the  Cuba. 

a    that,   at    the 

auxiliaries  on  the  Eclipse 

i  as  not  to  require 

in  of  the  Scotch  Marine  Boiler  and  the  Dahl  oil 
found  in  the  article  bj   V.     I'    '  arnes  in  this  issue, 
nperheater    is    described    in    the 
B 


Equipment  of  the  Eclipse 

The  Eclipse  is  the  first   of  twelve  ve 
of  the  United  States  Shipping  Board  to  be 
equipped  with  electric  propulsion  machinery. 
She  is  440  feet   long.   56  feet   beam,   and  of 
LI, 868  dead  weight  tons. 

The  boiler  room  contains  three  Scotch 
marine  boilers  each  equipped  with  three 
Dahl  oil  burners.'1  In  conjunction  with 
superheaters  of  the  locomotive  type,4  t  hex- 
are  designed  to  deliver  steam  at  215  lb.  gauge 
pressure  and  200  degrees  superheat. 

The  propulsion  machinery  fundamentally 
consists  of  a  turbine  direct  connected  to  an 
alternating-current  generator  which  supplies 
power  to  an  induction  motor  that  is  direct 
connected  to  the  propeller  shaft. 

The  turbine  is  of  the  Curtis  impulse  type, 
has  eight  stages,  operates  condensing,  and 
normally  runs  at  3000  r.p.m.  The  generator 
is  three-phase  and  rated  at  3380  kv-a.. 
50  cycles,  2300  volts,  3000  r.p.m.;  the  motor 
is  rated  at  3000  h.p.,  2300  volts.  10(1  r.p.m.. 
and  the  rotor  is  phase  wound. 

The  speed  of  the  turbine  can  be  varied 
over  a  range  from  20  to  1  111  per  cent  norma! 
by  changing  the  setting  of  a  speed  lever 
which  is  located  on  the  control  board  and 
connected  to  the  variable  speed  hydraulic 
governor  on  the  turbine.  Double  protection 
against  overspeeding  is  afforded  by  the  use 
of  a  pre-emergency  governor  of  the  cen- 
trifugal type  which  operates  at  110  to  11.") 
per  cent  normal  speed,  and  a  ring-type 
emergency  governor  which  trips  the  emer- 
gency clapper  valve  and  shuts  off  the  steam 
supply  to  the  turbine  in  case  the  speed  should 
o  L25  per  cent.    A  throttle  valve  located 
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below  the  hydraulic  governor  controlled  valve 
permits  the  steam  supply  to  be  regulated  by 
hand. 

Excitation  current  for  the  generator  is 
derived  from  two  35-kw.,  125-volt  direct- 
current  steam-engine-driven  generators  which 
also  supply  current  to  the  master  controller 
and  to  the  motor-driven  blower  for  ventilating 
the  induction  motor. 

Determination  of  the  proper  excitation 
current  is  simplified  by  two  instruments,  one 
of  which  indicates  the  maximum  that  can  be 
applied  without  overheating  the  generator 
field  and  the  other  which  indicates  the 
minimum  necessary  to  hold  the  induction 
motor  in  step  with  the  generator.5 

The  starting,  stopping  and  reversing  of 
the  ship  are  accomplished  by  means  of  a 
switchboard  panel,  contactors,  and  water- 
cooled  resistor  which  control  the  operation 
of  the  induction  motor  in  conjunction  with  the 
turbine-generator.5 

The  performance  of  this  initial  installation 
of  electric  drive  on  a  cargo  boat  is  gratifying. 
On  November  9,  1920,  the  Eclipse  sailed 
from  New  York  for  the  Dutch  East  Indies 
and,  after  crossing  the  Atlantic  in  two  days 
less  than  the  regular  schedule  time,  reported 
that  all  the  equipment  was  operating  satis- 
factorily and  that  the  captain  found  great 
improvement  in  handling  the  ship  in  storm 
and  in  manetivering  in  port. 

Equipment  of  the  Cuba 

The  Cuba  is  320  feet  long,  40  feet  beam, 
and  has  a  displacement  of  35S0  tons. 

Her  boiler  room  contains  four  Scotch 
marine  boilers  each  equipped  with  three 
furnaces  of  the  Morrison  type  fitted  with 
White  oil  burners.  The  steam  generated  at 
190  lb.  gauge  pressure  is  superheated  200 
degrees  by  locomotive  type  superheaters. 
Preheated  air  is  supplied  to  the  boilers  from 
the  ventilating  system  of  the  propulsion 
generator  and  motor. 

The  principal  difference  between  the  pro- 
pulsion machinery  of  this  vessel  and  that  of 
the  Eclipse  lies  in  the  use  of  a  synchronous 
motor  instead  of  an  induction  motor  for 
driving  the  propeller,  with  corresponding 
differences  in  the  control  equipment. 


>  The    temperature    indicator    and    excitation    indicator 
described  in  the  article  by  A.  H.  Mittag  in  this  issue. 

6  A    complete    description    of    the    control    of   the    propuls 
machinery  is  given  in  the  article  by  R.  Stearns  in  this  issue. 

'The  spring  thrust    bearing   for   marine    application,    is 
scribed  in  the  article  by  T.  W.  Gordon  in  this  issue. 


The  turbine-generator  unit  is  composed 
of  an  eight-stage  Curtis  turbine  direct 
connected  to  a  three-phase,  2350-kw. ,  50-cycle, 
1  L50-volt,  3000-r.p.m.  generator.  The  motor 
has  a  capacity  of  3000  h.p  at  1150  volts, 
100  r.p.m.  Made  integral  with  the  forward 
bearing  housing  of  the  motor  is  a  spring-thrust 
bearing  which  supersedes  the  inefficient  horse- 
shoe type  bearing  long  used  to  absorb  pro- 
peller thrust.7 

Two  geared-turbine  three-wire  generator 
sets  supply  direct  current  at  1  15  and  230  volts 
for  excitation  and  lighting.  A  two-stage, 
50-kw.,  125-volt,  turbine-generator  set  is 
installed  for  lighting  when  the  ship  is  in  port 
and  the  exciters  are  shut  down.  The  speed 
of  the  main  turbine  is  controlled  by  the  same 
system  as  is  used  on  the  Eclipse  and  the  safe- 
guarding against  overspeeding  is  accomplished 
in  like  manner.  The  field  temperature  indi- 
cator and  excitation  indicator  referred  to  in 
connection  with  the  Eclipse  are  also  included 
in  the  equipment  of  the  Cuba. 

The  control  equipment  enables  the  engineer 
to  maneuver  by  simply  operating  two  levers, 
an  electric  lever  for  starting  and  reversing 
and  a  speed  lever  for  controlling  the  turbine. 
The  electric  lever  is  attached  to  a  master 
controller  which  automatically  opens  or 
closes  contactors  in  the  proper  sequence  so 
that  in  starting  the  motor  operates  as  an 
induction  motor  and,  when  up  to  speed, 
operates  as  a  synchronous  motor.  Another 
feature  wherein  the  operation  of  this  equip- 
ment differs  from  that  of  the  induction- 
motor  driven  Eclipse  is  that,  in  stopping, 
the  synchronous  motor  automatically  oper- 
ates as  a  generator,  returning  power  to  the 
turbine-generator.  If  conditions  necessitate, 
the  control  can  be  effected  manually  by 
means  of  reverse  and  field  levers  which 
operate  the  contactors  directly  through  cam 
shafts. 

On  the  official  trial  trip  of  this  boat  the 
propeller  was  brought  from  full  speed  ahead 
to  a  dead  stop  in  two  and  one-half  seconds 
and  to  full  speed  astern  in  seven  and  one-half 
seconds  additional.  The  rapidity  of  this 
reversal  brought  the  speed  of  the  vessel  from 
full  speed  to  a  dead  stop  in  140  seconds, 
which  is  considered  remarkable  in  view  of  the 
fact  that  from  four  to  ten  minutes  are 
required  to  stop  the  corresponding  recipro- 
cating engine-driven  ship. 
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The  rush  of  daily  trade  makes  quick  and  systematic  handling 
of  materials  imperative  at  ports,  freight  depots  and  industrial 
plants 


250-volts      Trolley      Type 

Surface  Locomotive  hauls 

material  direct  from  ship 

to  warehouse 


Electricity  does  this  most  economically 


The  numerous  applications  of  elec- 
tricity to  operating  locomotives, 
conveyors,  winches,  stacking  ma- 
chines, cranes,  hoists,  tractors,  and 
other  mechanical  devices— all  have 
the  same  quick  clearance  effect 
on  heavy  traffic  of  the  world's 
supplies  at  terminals. 

Barrels,  boxes,  crates,  bales,  rolls 
— by  the  ton — all  moving  about  in 
every  direction.  No  collisions,  no 
accidents,  no  damage  of  goods — 
for  electricity  keeps  everything 
moving  quickly  and  orderly. 


The  savings  range  all  the  way  from 
a  seventeen  day  reduction  in  the 
round  trip  time  of  an  oceanliner,  to 
the  marked  economy  of  electri- 
cally piling  frcm  thirty  to  fifty 
feet  high — a  thousand  pounds  cf 
material  per  minute. 

Your  individual  needs  of  material 
handling  equipment  can  best  be 
filled  by  the  manufacturers,  who 
in  solving  your  problems,  obtain 
the  specialized  electrical  experi- 
ence and  products  of  the  General 
Electric  Company. 


Electric   Portabie    I 

speeds  unloading    with    100 

ft.  carry  from  slip  to  wharf 


Portable   Dock   Winch — electric 
motor-driven — quickly  puts 
power    where    you  want  it. 
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Electric  Portable  Stacker 
piles  1000  lbs.  per  minute 
up  to  50  ft.  high. 


Sales  Offices  in 
all  lame  cities 


THREE  DOLLARS  PER  YEAR 


THIRTY  CENTS  PER  COPY 


GENERAL  ELECTRIC 
REVIEW 


VOL.  XXIV,  No.  3 


Published  by 
General  Electric  Company's  Publication  Bure 
Schenectady.  N.   Y. 


MARCH,   1921 


A  Marine  Railway  Capable  of  Dry  Docking  a  Vessel  500  Ft.  Long,  76  Ft.  Wide  and  7500  Tons  Actual  Weight  (13.000 
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under  our  emergency  fleet  wartime  program  come  within  the  capacity  of  this  dry  dock 
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HONORS  FOR  DR.  WILLIS  R.  WHITNEY 


In  recognition  of  his  services  to  science  and 
industry  through  applied  chemistry,  Dr. 
Willis  R.  Whitney  was  awarded  the  Perkin 
medal  on  January  14th.  He  was  the  unani- 
mous choice  of  the  Committee  on  Award, 
and  this  choice,  we  feel  confident,  has  the 
unanimous  approval  of  the  chemical  fra- 
ternity. 

Full  credit  for  the  organization,  develop- 
ment and  accomplishments  of  the  celebrated 
Research  laboratory  of  the  General  Electric 
Company  has  been  accorded  time  and  again 
to  Dr.  Whitney,  its  director,  no  less  by  his 
assistants  than  by  the  great  body  of  scientists 
everywhere,  despite  his  protestations  and 
characteristically  generous  endeavor  to  reflect 
the  glory  to  members  of  his  staff. 

An  impression  of  the  esteem  with  which 
Dr.  Whitney  is  regarded  by  distinguished 
men  outside  his  own  company  is  imparted 
by  the  addresses  made  at  the  time  of  the 
presentation  of  the  Perkin  medal.  Dr.  Arthur 
D.  Little,  in  the  course  of  reminiscences  of 
Dr.  Whitney's  early  work  and  personal 
characteristics,  said : 

"Someone  has  said  that  an  institution  is 
the  elongated  shadow  of  a  man.  Never  was 
this  more  true  than  in  the  case  of  the  General 
Electric  Laboratory.  Its  achievements  are 
the  work  of  many  men  to  whom  they  have 
brought  deserved  distinction.  None  the  less, 
the  laboratory  as  the  entity  and  organization 
which  has  made  this  achievement  possible  is 
a  projection  of  the  personality  of  Willis  R. 
Whitney,  and  in  this  sense  its  achievements 
are  his  achievements. 

"He  can  recognize  genius  and  he  is  big 
enough  to  allow  the  man  of  genius  to  develop 
at  his  side.  He  has  no  wish  and  makes  no 
effort  to  dominate.  He  scrupulously  appor- 
tions credit  where  it  belongs.  Jealousy  is 
alien  to  his  nature.  These  are  the  character- 
istics of  the  ideal  director  of  research  ***** 

"Willis  R.  Whitney  is  a  great  scientist, 
but  he  is  not  the  scientist  of  fiction  or  of  the 
stage.  He  is  an  intensely  human  individual. 
He  is  extremely  fond  of  outdoor  life  and  it 
keeps    him    sane    and    wholesome.       He    is    a 


farmer,  not  a  gentleman  farmer  but  a  diri 
farmer,  who  knows  hog  cholera  and  manure 
and  what  to  do  when  his  hens  have  the  pip. 
He  raises  flies  and  kills  them  with  X-rays  to 
cure  their  cancer.  Some  day  he  may  kill  the 
cancer  first.  *  *  *  *  But  do  not  let  me  convey 
the  impression  that  Whitney  approaches  these 
vocational  interests  in  the  spirit  of  the  dilet- 
tante. His  knowledge  of  them  is  not  broad 
and  thin,  it  is  both  broad  and  deep. 

"In  a  very  striking  way  and  more  nearly, 
as  it  seems  to  me,  than  any  of  his  contem- 
poraries, Whitney  has  the  mental  attitude 
and  scientific  breadth  of  an  earlier  generation 
in  the  scientific  world,  the  ability  to  correlate 
and  integrate  observations  and  deductions  in 
wide  and  different  fields. 

"The  Perkin  medal  is  the  badge  of  knight- 
hood in  American  chemistry.  It  has  never 
been  more  worthily  bestowed.  Its  latest 
recipient  has  inspired  numberless  young  men; 
he  has  brought  distinction  to  a  great  corpora- 
tion and  proved  to  financiers  that  research 
pays;  he  has  brought  new  luster  to  American 
chemistry.  The  spirit  of  research  has  laid  her 
hands  upon  him.  and  the  spirit  of  youth  as 
well." 

The  first  impression  of  the  Perkin  gold 
medal  was  presented  to  Sir  William  Perkin 
in  October,  1906,  in  celebration  of  the  fiftieth 
anniversary  of  Sir  William's  discovery  of  the 
dyestuff  mauve.  Thismedal  has  been  awarded 
annually  since  1906  to  the  American  chemist 
who  has  most  distinguished  himself  by  his 
service  to  applied  chemistry. 

The  Willard  Gibbs  medal,  founded  in  1901 
by  William  A.  Converse  of  the  American 
Chemical  Society,  is  bestowed  annually  for 
conspicuous  achievement  in  and  encourage- 
ment of  eminent  research  in  theoretical  or 
applied  chemistry,  and  was  awarded  to  Dr. 
Whitney  in  1916. 

Dr.  Whitney  was  also  presented  with  the 
Chandler  medal  in  1920  for  his  accomplish- 
ments in  science.  The  recipient  of  this  medal 
is  under  obligation  to  deliver  a  lecture,  and 
the  subject  of  Dr.  Whitney's  paper  was  "The 
Littlest  Things  in  Chemistry." 
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The  Selsyn  System  of  Position  Indication 

By  E.  M.  Hewlett 
Engineer,  Switchboard  Department,  General  Electric  Company 

By  means  of  the  Selsyn  system,  reliable  and  accurate  indications  of  the  position  of  a  moving  device  are 
instantly  communicated  to  a  remote  observation  point.  Fundamentally,  the  system  consists  of  a  special 
electric  transmitting  generator  electrically  connected  to  a  similar  receiving  motor.  After  explaining  the 
principle  of  operation  the  author  of  the  following  article  describes  the  extensive  installation  of  this  system  made 
at  the  locks  of  the  Panama  Canal  and  the  similar  equipment  that  will  be  placed  in  operation  at  the  locks  of  the 
New  ( Orleans  Industrial  Canal.  Various  other  useful  applications,  such  as  to  floating  dry  docks,  Bascule  bridges 
and  signaling  between  control  room  and  engine  room,  are  also  described — Editor. 

The  Selsyn  system  of  position  indication 
Is  for  its  operation  on  a  Selsyn  gener- 
ator and  a  Selsyn  motor  so  constructed  and 
interconnected,  as  shown  in  Fig.  1,  that  every 
angular  movement  of  the  generator  rotor  is 
duplicated  instantly  by  a  similar  movement 
of  the  rotor  of  the  motor. 

The  generator  rotor  is  operated  by  mechani- 
cal power;  the  motor  rotor  is  operated 
electrically.  Thus  both  machines  can  be 
located  at  practically  any  distance  apart 
and  where  most  desirable. 

The  stator  windings  are  interconnected  at 
three  equidistant  points  as  shown.  The  rotor 
slip  rings  are  connected  in  multiple  and  fed  by 
low  potential  power. 

Signaling 

For  transmitting  predetermined  signals 
or  instructions  the  shaft  of  the  generator  rotor 
is  attached  to  a  handle  and  pointer  which 
moves  over  a  circular  dial  on  the  outer  edge 
of  which  are  printed  the  signals  or  instruc- 
tions to  be  given. 

The  shaft  of  the  Selsyn  motor  is  fitted  with 
a  pointer  which  moves  over  a  similar  dial. 
Thus  when  the  transmitter  pointer  is  turned 
to  any  point  the  indicator  pointer  moves  in 
unison  to  a  similar  point  on  its  dial  and  gives 
the  instruction  or  the  signal  desired. 

For  answering  signals  or  instructions  a 
duplicate  set  of  position  indicators  are  used, 
arranged  in  the  reverse  order. 

Position  Indication 

To  indicate  visually  the  position  of  a  water 
gate,  float,  valve,  bridge  gate  or  other  device 
that  has  a  restricted  motion,  horizontal. 
vertical,  angular  or  these  in  combination,  the 
Selsyn  system  can  be  used  to  marked  advan- 
tage. In  such  cases  the  rotor  of  the  generator 
is  connected  mechanically  by  means  of  gears, 
belts  or  otherwise  to  the  movable  device  in 
such  manner  that  a  movement  of  the  device 
causes  a  m<  the  rotor.     Since  the 

n  motor  will  duplicate  the  movement  of 
the  generator  rotor  it  can  indicate  the  speed 
and  motion   of  the  device  where  desired  bv 


means  of  a  pointer  or  other  suitable  arrange- 
ment— such  as  a  miniature  of  the  device 
itself — attached  to  the  rotor  shaft  of  the 
Selsyn  motor. 

The  Selsyn  System  for  Switchboard  and  Generator 
Room  Signaling 

An  early  application  of  this  system  (Fig.  2) 
was  at  the  Keokuk  Plant  of  the  Mississippi 
River  Power  Company  to  send  and  receive 
signals  between  the  switchboard  and  the 
generator  rooms,  neither  of  which  is  visible 
from  the  other. 

Pedestals  at  the  switchboard  carry  both 
transmitting  and  receiving  equipment.  Fur- 
ther provision  is  made  for  call  bells  in  both 
directions  and  also  lamp  illumination  for 
quick  location  of  the  unit  at  which  attention  is 
required.  The  sending  equipment  consists  of 
a  Selsyn  generator,  the  shaft  of  which  is 
brought  out  through  the  face  of  the  pedestal 
and  provided  with  a  handle-crank  for  rotation. 
A  dial  marked  at  intervals  with  STOP. 
START,  and  other  suitable  designations 
back  of  the  handle  gives  the  operator  the 
means  for  transmitting  signals. 


TT 


.  B.c    SuP*i.V 


Fig.  1.      Typical  Connection  Diagram  of  Transmitting  and 
Indicating  Units  of  Selsyn  System 

The  Selsyn  motor  is  located  at  the  back 
of  an  indicator  dial  bearing  the  same  signals 
similarly  placed  as  those  on  the  sending  dial. 
but  located  on  the  switchboard  Fig.  2),  or  on 
another  pedestal  at  the  switchboard  panel 
for  the  particular  unit  to  be  controlled.     At 
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the  switchboard  there  is  in- 
stalled a  sending   equipment 

similar  to  that  at  the  gener- 
ator, which  is    connected    to 

the  Selsyn    indicating  motor 

on  the  generator  pedestal. 
The  method  of  signaling  is 

as  follows: 

When     the     switchboard 

operator    desires    to    send    a 

signal  he  turns  the  handle  to 

the  proper  place  on  the  dail. 

This  revolves  the  Selsyn  gen- 
erator   behind    the    dial   and 

causes  the  Selsyn  motor  and 

the  pointer  on  the  indicator 

in  the  generator  pedestal  to 

take  the  same  position.     He 

then  pushes  a  button  to  the 

right    of    the    handle.      This 

lights  a  lamp  on  the  generator 

pedestal  and  rings  a  bell  to 
_  attract  the  attention  of  the 
'  man  in  charge  of  the  machine. 

As  soon  as  the  attendant  has  read  the  signal 

on  his  indicator  he  will  turn  the  handle  of  his 


Fig.  2.     Selsyn   Position  Indicator  Pedestal   Designed    for 

Installation  in  Switchboard  and  Generator   Rooms 

of  Large  Power  Stations 


Fig.  3.     Lock  Control  Board  of  the  Panama  Canal 

transmitter  on  the  pedestal  to  the  same 
signal.  He  will  then  push  the  button  at  the 
right  of  the  handle,  which  will  extinguish 
the  lamp  and  stop  the  bell.  Next  he  will 
push  the  button  at  the  left  of  the  handle, 
which  operation  will  light  a  lamp  and  ring  a 
bell  at  the  switchboard.  This  advises  the 
switchboard  man  that  his  signal  has  been 
received  and  correctly  interpreted.  The 
witchboard  operator  will  then  push  the 
button  at  the  left  of  his  handle  which  will 
put  out  the  light  at  his  station  and  stop  the 
call  bell.  Both  operators  may  then  move  their 
respective  handles  to  the  "off"  position. 
This  completes  the  cycle  of  signal  operation. 

The  best  known  use  of  the  Selsyn  system 
is  in  connection  with  the  control  of  the  great 
locks  of  the  Panama  Canal  to  duplicate  in 
reduced  size  on  a  control  board  the  move- 
ments of  the  lock  gates  and  fender  chains  and 
to  indicate  visually  at  all  times  the  height 
of  the  water  in  the  canal  and  the  position  of 
the  water  gates  and  valves. 

Fig.  3  shows  the  control  board  for  the 
Gatun  Locks  at  the  Panama  Canal.  The 
marble  slabs  represent  the  parallel  locks. 
The  small  chains  across  the  slabs  represent 
the  fender  chains  used  to  prevent  a  vessel 
from  ramming  the  lock  gates;  the  gates  them- 
selves are  shown  further  along  across  the 
slabs.  The  water  gates  on  exterior  and 
interior  walls  are  represented  by  the  stacks 
on  the  outside  of  and  between  the  marble 
slabs,   and    the  depth    of    the    canal  at    the 
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locks  is    represented    by   the    tall   chimneys 
shown. 

The  operation  of  the  devices  is  as  follows 

Main  Gate  Indicators 

The  main  gate  indicator  i  Figs    l  and  5)  con- 
tmilar  to  one  hall 

Figs.  4  and  5.      Plan  and  Side  Views  of  Main  Gate  Indicators. 
Panama  Canal  Locks 

main  gate  in  the  lock.  Each  indicating  gate 
is  hinged  at  its  outer  end  by  means  of  a  verti- 
cal shaft  which  causes  it  to  rotate  in  a 
horizontal  plane  across  the  marble  slab  repre- 
senting the  water  in  the  lock.  The  vertical 
shall  is  pivoted  in  a  hearing  and  extends 
below  the  board.  The  lower  end  is  fitted 
with  a  bevel-geared  sector  which  engages  a 
bevel-geared  pinion  attached  to  the  rotor 
ol  a  Selsyn  motor  mounted  horizontally 
under  the  board  The  n  Nation  of  the  motor 
the  gate  leaf  to  rotate  approxi- 
'ofull  closed  posi- 
tion [n  the  open  position  the  leaves  disappear 
in  the  covers  provided  for  their  protection. 

Main  Gate  Transmitter 

The    main   gate  indicator   (Figs.   4  ai 

in  elei  cted    to   a    Selsyn    gen- 

in    a   transmitting    machine 

6),     located    at    and    geared    to    the 

i    mechanism    thai    operates   the  main 

gates  in  the  lock.     The  attachment  is  made 

upper  end  of  the  vertical  shaft,  which 

is  provided  with   a   thread   thai    moves   the 

rack  up  and  down  and  thereby  revolves  the 

pinion    which    is    attached     to    the    Si 

haft.  The  mechanism  is  enclosed 
and  protected  by  a  sheet  metal  cover 
equipped  with  hinged  holts  and  wing  nuts 
which  n  i  er  readily  removable. 


Water  Valve  Indication 

The  construction  of  the  water  valve  indica- 
tor (Fig.  7  i  might  well  be  likened  to  that  of 
an  elevator  in  miniature,  the  car  being  used 
bo  how  the  position  of  the  main  valve  in 
the  lock  walls.  These  indicators  were  built 
lo  house  two  distinct  elements,  each  having 
own  Selsyn  motor  and  moving  equip- 
ment. The  indicating  element  consists  of  a 
box  made  of  thin  sheet  aluminum  attached  to 
an  endless  belt  of  silk  fishing  line  passing  over 
a  set  of  aluminum  pulleys  at  the  top  and  a 
threaded  drum  at  the  bottom.  The  drum 
was  made  of  aluminum  also  and  was  fastened 
to  a  hollow  shaft  which  in  turn  was  geat 
through  an  idler  gear  to  the  gear  on  the 
Selsyn  motor  shaft.  The  pulleys  at  the  top 
were  provided  with  an  adjustable  tension 
device,  and  a  spring  in  the  belt  served  t< 
'lie  unsion  uniform. 

The  box  below  the  board  was  furnished 
with  lamps  equipped  with  reflectors  which 
threw  the  light  upward  on  to  reflectors  pro- 
vided under  the  car.  The  latter  reflector 
threw  the  light  out  sideways  against  the 
graduated  opal  glass  sides  of  the  stack  where 
it  was  sharply  cut  off  by  a  close-fitting  curtain 
attached  to  the  car.  Ventilators  at  top  and 
bottom  served  to  pass  off  the  heat  generated 
by  the  lamps. 

Water  Valve  Transmitter 

The  indicating  motor  was  connected  electri- 
cally to  a  Selsyn  generator  (Fig.  8)  which  was 
mounted  in  the  transmitting  machine.  This 
in  its  general  construction  was  very  similar 
to     'he     mam     gate     transmitting     machine 


Fig.  6.      Main  Gate  T 


Panama  Canal  Locks 


excepl    m  the  manner  of  gearing  to  the  main 
gate  moving  machinery. 

Water  Level  Indication 

The  water  level  indicator  (Fig.  9)  givesjan 
accuracy  of   l   20  of  a  foot.     This   accuracy 
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was  obtained  by  designing  the  mechanism 
to  operate  with  a  Selsyn  motor  that  made 
approximately  10  revolutions  for  a  50-ft. 
variation  of  water  level  in  the  lock  chambers. 

The  indicator  was  made  in  the  form 
of  a  vertical  stack  whose  height  varied 
with  the  water  levels  over  which  indi- 
cation was  required.  In  general,  the  con- 
struction was  similar  to  that  of  the  water 
gate  indicator  except  that  the  indicating 
member  had  four  points,  each  of  which 
moved  over  its  own  scale  set  at  each  corner 
of  the  stack.  This  made  it  possible  to  read 
water  levels  from  any  position  at  the  board 
within  reading  distance. 

The  scales  were  laid  off  in  sj  iaces  i  if  approxi- 
mately 1  in.,  which  correspond  to  one  foot 
of  water. 

The  Water  Level  Transmitter 

The  water  level  indicator  motors  were 
electrically  connected  (see  Pig.  1)  to  the 
Selsyn  generators  located  in  the  water  level 
transmitters  (Fig.  Ill),  which  were  mounted 
over  the  floatwells  in  the  lock  walls. 

They  consisted  of  a  heavy  cast-iron  bracket 
carrying  a  wheel  provided  with  spikes  which 


shaft  of  the  wheel  was  set  in  ball  bearings 
to  eliminate  friction.  One  end  of  the  shaft 
carried  a  gear  which  engaged  another  gear 
on  the  Selsyn  generator  located  in  a  water- 
proof box  attached  to  the  supporting  bracket. 
Thus  anv  changes  in  water  level  were  instantly 


Fig.  10.      Water  Level  Ti 


i  Canal  Locks 


m? 


registered    with    holes    in    a    bronze    ribbon 
passing  over  the  wheel. 

At  one  end  of  the  ribbon  was  fastened 
a  hollow  float  made  of  sheet  iron.  On  the 
other  end  was  fastened  a  heavy  cast-iron 
counterweight    which     kept    it     taut.       The 


transmitted  to  the  generator  and  recorded  by 
the  indicator  at  the  board. 

Lock  Control  Board  for  the  New  Orleans  Industrial 
Canal 
Another  notable  and  interesting  application 
of   the  Selsyn   system  of   position  indication 
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will  be  tin'  control  board  of  the  Industrial 
Canal  in  the  city  of  New  Orleans,  which  will 
conned  the  Mississippi  River  with  Lake 
Pontchartrain  and  provide  a  shorter  pi 
from  New  Orleans  to  the  Gulf  of  Mexico 
through  Lake  Boyne.  The  board  will  be 
in  many  respects  similar  to  the  one  provided 
for  the  Panama  ("anal  and  will  carry  indi- 
cators of  the  Selsvn  type  for  ten  main  gates, 
eight  water  gates,  and  three  water  levels. 

The  indicators  for  the  main  gates  will  be 
identical  with  the  Panama  indicators  except 
in  the  gear  ratio  between  main  gate  moving 
machine  and  transmitters.  The  water  gates 
for  filling  and  emptying  the  lock  chambers 
are  single  stacks.     The  water  level  indicators 


are  lower  to  correspond  to  the  difference  in 
water  level  requirements. 

The   Selsyn    System   as   Applied    to   the   Control  of 
Dry  Docks 

In  the  past  dry  docking  operations  have 
been  conducted  under  the  commands  of  a 
dockmaster.but  lately,  due  to  the  introduction 
of  the  multiple  pontoon  type,  there  is  a 
tendency  to  place  the  control  in  a  central 
station  located  on  shore  in  such  position  at 
the  head  of  the  dock  that  the  operator  may 
have  a  clear  view  of  all  the  units.    (Fig.  12.) 

The  operator  can  be  provided  with  a  switch- 
ing and  indicating  board  with  inclined  top 
divided  into  several  lateral  sections,  each 
section  representing  a  pontoon. 


TJ a nr 
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Fig    11       Lock  and  Control  Board   for  New  Orleans  Industrial  Canal 
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Fig.  12.      Selsyn  Syste 


Each  section  can  be  equipped  with  switches 
for  operating  flood  valve  motors  and  pump 
motors.  For  purposes  of  accurate  regulation 
•one  scheme  provides  on  each  pontoon : 


6  Water  level  indicators, 

1  List  indicator,  and 

6  Flood  valve  indicators. 


Fig.  I  ! 


The  indicators  are  small  devices  approxi- 
mately 4}  2  in-  m  diameter  and  can  be  set 
nearlv  flush  with  the  board. 


Arranged   for    Dry   Dock  Control 

The  Selsyn  motors  which  operate-  them  will 
be  mounted  directly  under  the  board  and  con- 
nected to  Selsyn  generators  mounted  ir. 
suitable  transmitting  devices  geared  to  the 
machines,  the  movements  of  which  are  to  be 
controlled. 

The  water  level  transmitter  (Fig.  14)  con- 
sists of  a  pedestal  which  is  mounted  on  the 
deck  of  the  pontoon.  The  head  of  the 
pedestal  contains  the  Selsyn  generator  geared 
to  a  spiked  wheel  over  which  passes  a  bronze 


Fig.  13.     Selsyn  List  Indicator 
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ribbon  which  is  carried  down  through  the 
hollow  stem  Hi  the  pedestal  and  has  a  float 
and  a  counterweight  attached  to  its  ends. 
The  head  of  the  pedestal  is  further  provided 
with  a  dial  for  local  indication  at  the  pontoon 
in  case  of  emergency.  Thelist  transmitter  (Fig. 


Showing  Location  of  Selsyn  Indicating  Generator  Pedestal   for 
Dry  Dock  Control 


13)  is  constructed  in  the  form  of  a  pyramid 
and  contains  a  Selsyn  generator  operated 
by  a  pendulum  so  that  if  the  pontoon  heels 
over  in  either  direction  the  degree  of  list  will 
be  shown  on  the  indicator  on  the  control 
board  and  can  be  corrected  by  adjusting  the 
water  levels  within  the  pontoon.  This  trans- 
mitter is  also  provided  with  a  local  reading 
dial,  the  relative  reading  being  double  the 
actual  list  for  close  checking. 

The  flood  valve  transmitter  is  attached  to 
the  rotating  stem  of  the  limit  switch  which 
controls  the  operating  motor  of  the  flood 
valve  machinerv. 


The    Selsyn    System    Applied    to    the    Control    of 
Bascule  Bridges 

Another  possible  application  is  the  control 
of  bascule  bridges  from  a  central  point. 
This  would  provide  a  control  board  having 
switching  and  indicating  equipment  for 

1  Bridge  leaf, 
4  Road  barriers, 
<S  Sets  of  road  gates, 
4  Side  walk  gates, 

1  Center  lock  on  bridge, 

2  Rear  locks  on  bridge, 
1  Warning  signal. 

The  indicators  for  all  these  except  the  sig- 
nals, road  and  side  walk  gates  would  be  Selsyn 
operated.  Their  general  construction  would 
approximate  that  of  the  main  gate  indicator 
used  at  Panama,  consisting  of  a  hinged  leaf 
operating  in  a  horizontal  plane  and  covered 
with    glass    to    prevent     interference.       The 


Selsyn  operating  motors  would  be  con 
nected  to  Selsyn  generators  in  the  usual 
manner  as  shown  in  Fig.  1. 

The  nature  of  such  an  installation  as  this 

makes  it   imperative  that  a  certain  sequence 

of  operation   be  maintained,   and  departure 

from    such    sequence    courts   disaster 

and  interruption  of  traffic. 

To  eliminate  the  factor  of  human 
error,  it  would  be  necessarv  to  provide 
interlocking  of  switches.  The  inter- 
locks provided  on  this  board  would  be 
mechanical  and  function  between  the 
different  control  handles,  which  in  this 
case  would  be  always  placed  in  such 
close  relation  to  the  indicator  that  it 
would  be  impossible  to  commit  the 
error  of  using  the  wrong  handle. 
The  locking  can  be  as  follows: 

The  bridge  cannot  be  opened  unless 

1.  Stop  signal  has  been  sounded 

2.  Road  gates  are  closed. 
.'$.     Side  walk  gates  are  closed. 

4.  Barriers  are  closed. 

5.  Bridge  locks  are  opened. 
Traffic  on  road  cannot  be  resumed  unless: 
1.     Bridge  is  closed. 

Locks  have  been  closed. 
Barriers  have  been  opened. 
Road  gates  have  been  opened. 
Side  walk  gates  have  been  opened 
(i.     Go  signal  has  been  sounded. 

Secondary  Locking 

Barriers  and  road  gates  cannot  be  opened 
unless  bridge  locks  are  closed.  Road  gates  can- 
not be  opened  unless  barriers  arc  open.    Go 


Fig.  15.     Selsyn  Indicator  for  the  Operation 
of  Bascule  Bridges 

signal  for  road  traffic  cannot  be  sounded  unless 
road  and  side  walk  gates  are  open.  Bridge 
locks  cannot  be  closed  unless  bridge  is  closed. 
Bridge  cannot  be  opened  unless  locks  are 
open.  Road  and  side  walk  gates  cannot  be 
closed  unless  stop  signal  has  been  sounded. 
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Selsyn  Kilowatt  Load  Indicator 

In  large  power  stations  it  has  been  found 
advantageous  to  have  a  method  of  trans- 
mitting periodical  load  requirements  in 
advance  to  the  generator  and  boiler  rooms. 
For  this  purpose  there  has  been  devised  an 
arrangement  of  Selsyn  indication  closely 
resembling  the  switchboard  signal  system 
previously  described,  with  the  difference 
that  the  indicator  is  made  with  a  large  dial 
approximately  3  feet  in  diameter  for  mounting 
on    the  wall  or    other    conspicuous   location. 

The  dial  is  provided  with  suitable  numbers 
covering  the  maximum  and  minimum  output 
and  all  conditions  between.  The  transmitting 
elements  may  be  mounted  in  any  convenient 
location  under  the  control  of  the  proper 
authority  for  transmitting  the  information. 

Standard  Geared  Selsyn  Generator 

An  important  step  toward  standardization 
has  recently  been  made  in  the  development 
of  a  geared  Selsyn  generator  that  is  applicable 
to  many  conditions.  This  is  shown  in  Fig.  17 
and  consists  of  a  shell  somewhat  in  the  shape 
of  a  motor  frame.  This  shell  contains  mount- 
ing for  a  Selsyn  generator,  together  with 
gearing  and  provision  for  changing  gear  ratios 
without  affecting  the  general  design. 

At  one  end  of  the  device  a  main  shaft  is 
brought  out  which  forms  the  attaching  point 


The  Selsyn  System  for  Motor  Drives 

Conditions   sometimes   require   the  u 

Selsyn  Control  on  devices  which  the  Selsyn 
motor   cannot    handle   on   account    ol    lai 
power.      To    meet     such    conditions    there    is 


ired  Selsyn  Generator  for   Miscella 
neous  Purposes 


being  developed  a  system  in  which  the 
Selsyn  motor  is  made  to  do  the  contacting 
for  switches  that  operate  the  circuits  of  a 


Fig.    16.      Selsyn   Power   Demand   Indicator  for  Generator  Room   and    Boiler   Room, 
anticipated   power  requirements 


to  any  piece  of  machinery  that  requires 
indication,  through  the  medium  of  spur  or 
bevel  gears  or  a  sprocket  and  chain.  The 
front  of  the  device  may  include  a  dial  for 
local  indication. 


separate  motor  capable  of  handling  the 
machinery.  The  switching  may  be  so 
arranged  that  the  motor  will  be  operated 
in  either  direction  under  the  control  of  the 
Selsvn  motor. 
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Conclusion 

Where  it  is  desired  to  show  the  movement 
or  position  of  a  device  at  a  distance,  the 
Selsyn  system  is  very  useful  and  the  field  of 
application  is  quite  extensive  as  previously 
explained.  The  method  consists  of  gearing  a 
Selsyn  generator  to  the  device,  the  move- 
ment of  which  it  is  desired  to  indicate,  thus 
transposing  the  motion  of  the  device  into 
a  circular  motion. 

The  Selsyn  motor  used  as  a  receiving 
device  duplicates  this  angular  motion  and  is 
geared  to  a  receiver  indicator  of  the  form  that 
is  desired,  either  a  duplicate  in  miniature  of 


the  device  to  be  indicated  or  a  circular   or 
other  scale  with  suitable  divisions. 

The  angular  motion  can  be  shown  on  an 
indicator  to  represent  the  distance  a  valve 
is  opened,  as  in  the  case  of  water  levels  in 
tanks,  vats,  stand-pipes,  reservoirs,  etc. 
The  amount  of  opening  of  water  valves  or 
steam  valves  can  also  be  indicated.  The 
position  of  a  weather-vane  on  a  suitable  tower 
can  be  shown  in  miniature,  the  vane  being 
located  at  a  convenient  place  for  the  observer. 
The  rudder  position  can  be  transmitted  from 
the  rudder  to  an  indicator  located  in  a 
convenient  position  for  the  helmsman. 


The  Induction  Disc  Phonograph  Motor 

By  Chester  I.  Hall 
Experimental  Laboratory,  Ft.  Wayne  Works,  General  Electric  Company 

Several  makes  of  small  commutator-type  motors  have  been  placed  on  the  market  for  driving  phonographs. 
Virtually  all  of  these  motors  are  arranged  to  operate  in  a  vertical  position  and  drive  the  phonograph  disc  by 
friction  through  a  small  pulley  mounted  on  the  lower  end  of  the  motor  shaft  and  bearing  against  the  outer 
edge  of  the  disc.  The  phonograph  motor  described  in  this  article  is  of  an  entirely  different  form  and  has  decided 
advantages  over  other  types  in  the  matters  of  starting  torque  and  speed  regulation.  The  principle  is  essentiallv 
that  of  the  induction  type  watthour  meter.  A  prominent  phonograph  company  has  planned  to  incorporate 
this  motor  as  standard  equipment  on  its  line  of  machines. — Editor. 


The  final  solution  of  the  problem  of  build- 
ing a  satisfactory  electric  motor  for  phono- 
graph drive  is  dependent  upon  three  funda- 
mental characteristics,  viz. : 

(1)  Silence 

(2)  Speed  control 

(3)  Reliability 

In  reviewing  the  various  available  types  of 
electric  motors,  it  was  apparent  that  one  of 
them  approached  the  ideal  much  more  closely 
than  any  of  the  others.  This  form  has  had 
no  definite  name  because  of  its  limited 
application,  but  for  purposes  of  clearness  will 
be  called  the  induction  disc  type. 

An  induction  disc  motor  consists  of  four 
essential  parts:  the  stator  magnetic  circuit, 
energizing  coils,  phase  splitting  parts,  and  the 
disc  rotor  of  non-magnetic  material.  The 
first  three  elements  are  necessary  in  order  to 
create  a  flux  of  two  component  parts  out  of 
phase  with  each  other,  thus  generating  what 
is  known  as  a  shifting  alternating-current 
field.  Part  of  the  flux  is  used  by  induction 
to  generate  currents  and  magnetic  fields  in 
the  disc  in  such  a  way  that  the  interaction 
of  the  disc  and  field  causes  torque. 

Motors  of  this  type  have  been  used  for 
some  time  in  measuring  instruments  where 
accuracy  of  performance  is  essential,  but  they 


have  been  sadly  overlooked  as  small  power 
units  where  special  characteristics,  inherent 
in  their  type,  make  them  very  useful. 

Torque 

The  torque-speed  curve  is  given  in  Fig.  1. 
It  is  a  straight  line  starting  at  maximum 
torque  at  standstill  and  finishing  at  zero 
torque  at  maximum  speed. 

Speed 

The  maximum  speed  is  determined  by  the 
ratio  of  the  torque  to  electro-magnetic 
damping.  The  no-load  speed  is  generally 
low,  seldom  over  300  r.p.m.  The  speed 
under  load  is  determined  by  the  amount 
of  torque  necessary ;  the  greater  the  load  the 
lower  the  speed. 

Power 

This  type  is  essentially  a  small  power 
motor  on  account  of  its  low  speed  and  poor 
efficiency.  A  power-speed  curve  is  shown 
in  Fig.  1.  The  power  is  always  a  maximum 
at  half  of  the  free  speed,  and  is  of  course  zero 
at  standstill  and  maximum  speed. 

Frequency 

Since  this  is  an  induction  motor,  it  is 
directly  affected  by  a  change  in  frequency. 
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Fig.  1.     Speed-torque  and  Power  Curves  of 
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Fig.  4.      Torque-time  Curve  of  Electric  Disc  Mote 
and  Spring  Motor 
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2  gives  a  frequency-torque  curve  for  a 
phonograph  motor  maintained  on  constant 
his  motor  was  designed  to  operate 
at  60  cycles.  The  torque  reaches  its  maxi- 
mum at  It i  cycles  on  accounl  of  a  much 
larger  inpul    than  al  60  cycles.    It  decreases 
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Fig.  5.      Phase  Angles  of  Potential  and  Cur- 
rent Coils  at  60  Cycles 

at  lower  values  because  the 
effectiveness  of  the  frequency  is 
falling  off  at  a  greater  rate  than 
the  increase  of  input.  At  the 
higher  values  the  input  is  de- 
creasing more  rapidly  than  the 
increase  of  effectiveness  of  the 
frequency.  A  given  motor  may 
be  operated  over  a  considerable 
range  of  frequency  provided  the 
minimum  torque  is  sufficient  to 
carry  the  load. 

For  purposes  of  comparison, 
the  curves  of  Fig.  3  have  been 
drawn, showing  the  speed-torque 
characteristic  of  various  well- 
known  types  of  motors,  and  also 
that  of  "the  induction  disc.  If 
these  characteristics  are  care- 
fully studied,  the  application  to 
phonograph  motor  drive  will  be 
quite  obvious. 

The  photographs  give  a  general 
idea  of  the  mechanical  design 
and  arrangement  of  the  parts. 
The  motor  consists  of  a  rotor 
mounted  on  the  main  shaft,  the 
upper  end  of  which  supports  the 
turntable  carrying  the  record. 
This  rotor  consists  of  a  ring  of 
copper  about  9  in.  outside 
diameter,  and    is   supported  on 


a  cast  aluminum  spider.  The  rotor  ring, 
which  is  about  1 '  ■>  in.  wide,  revolves  through 
a  shifting  magnetic  field  produced  by  field 
mils  wound  on  laminated  magnetic  circuits 
similar  to  those  in  an  ordinary  watt-hour 
as  regards  shape,  size  and  method 
of  producing  the  shifting  field.  Thus,  with 
the  torque-producing  clement  directly  on 
the  main  shaft,  all  necessity  for  high  speed 
gearing,  belting,  or  friction  drive  has  been 
entirely  eliminated. 

The  main  shaft  is  supported  in  an  adjust- 
able   hardened    steel    ball    thrust    bearing    in 


Fig.  6.      Three-quarter  View  of  Motorboard  with  Turntable 


Fig.  7.      Three-quarter  View  of  Motorboard  Without  Turntable 


Fig.  8.      Top  View  of  Phonograph  Motorboard 
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the  lower  bracket,  while  it  is  held  in  place  by 
a  guide  bearing  of  phosphor  bronze  in  the 
upper  bracket. 

The  lower  bracket  also  supports  a  governor 
of  the  conventional  type,  which  is  geared  to 
the  main  shaft  by  a  silent  worm  wheel 
Reference  to  Fig.  1  will  show  that  the  motor 
exerts  maximum  torque  at  standstill,  which 
gradually  decreases  with  increasing  speed 
to  the  free-speed  no-torque  condition.  This 
type  of  curve  is  particularly  suited  to 
phonograph  service,  since  quick  acceleration 
and  good  speed  regulation  are  possible. 
Any   tendency   to    slow  up   while  running    is 


screws  to  the  upper  bracket.     These    i 

were  surrounded  by  sponge  rubber  bushings 
and  washers  in  the  motorboard  and  made 
transmission  of  vibration  from  the  motoi  to 
the  board  very  slight. 

The  outstanding  advantages  of  this  form 
of  electric  phonograph  motor  are: 

First,  due  to  its  extremely  simple  con- 
struction (only  two  moving  elements),  its 
stationary  windings,  and  the  elimination  of 
commutator  and  other  sliding  contact,  there  is 
no  successful  competitor  for  reliability. 

Second,  the  very  small  amount  of  power 
absorbed  in  bearing  friction   not   only  makes 


Fig.  9.      Side  Vi. 
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Fig.  10.     Side  Vi< 


(Inverted)  Showing  Speed-control 
and  Windings 


counterbalanced  by  an  increase  in  torque, 
resulting  in  very  close  speed  regulation  under 
widely  varying  loads. 

Considerable  difficulty  was  experienced 
in  eliminating  the  magnetic  hum,  due  to  the 
60-cycle  circuit,  but  this  was  finally  accom- 
plished by  a  proper  design  of  the  supporting 
brackets  and  spider,  as  well  as  by  the  elimina- 
tion of  vibration  in  the  motorboard  itself. 
It  was  found  that  an  aluminum  spider  was 
very  much  quieter  than  a  cast  iron  spider 
when   supporting    the   same   weight   of   disc. 

In  the  final  arrangement  the  motor  was 
suspended    from    the    motorboard    by    three 


this  design  very  effective  with  regard  to 
weight  and  power  consumption,  but  gives 
it  a  life  which  is  probably  limited  only  by 
deterioration  of  the  insulation. 

Third,  the  motor  has  been  built  and 
attached  to  the  board  as  a  unit,  making  it 
completely  interchangeable  with  the  spring 
motor,  and  weighs  only  7.69  pounds  as 
against   10.88  pounds  for  the  spring  motor. 

Fourth,  no  damage  to  the  rotor  or  windings 
or  increase  in  watt  loss  results  from  stalling 
the  motor  under  full  voltage,  so  that  the 
ordinary  type  of  friction  brake  may  be 
used. 
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Photo-elasticity  for  Engineers 

PART  IV.     THE  USE  OF  PHOTO-ELASTIC  METHODS  IN  THE  DESIGN 
OF  THE  ELEMENTS  OF  MACHINES  AND  STRUCTURES 

By  E.  G.  Coker,  D.Sc,  F.R.S. 
Professor  of  Engineering  in  rHE  University  of  London,  University  Colli 
Written  specially  for  Generai    Blei  irk   Review 

In  this  article  the  author  applies  the  photo-elastic  method  to  the  subject  of  mechanical  design.  A 
method  of  procedure  is  suggested  and  illustrated  by  application  to  the  design  of  an  eye  liar.  Some  advan- 
tages of  this  method  of  design,  over  the  old,  are  enumerated.— Editor. 


The  main  subject  matter  of  this  chapter 
is  the  consideration  of  the  problem  of  the 
design  of  machines  and  structures,  a  much 
more  difficult  field  of  inquiry  than  any  which 
we  have  yet  had  to  consider,  and  in  which 
one  feels  greatly  daring  in  presenting  any 
views  whatever 

This  subject  is.  however,  one  of  the  primary- 
factors  on  which  the  success  of  all  engi- 
neering operations  depend;  but  when  one 
attempts  to  say  what  are  the  essential 
elements  which  make  for  success  in  design, 
it  is  difficult  to  give  a  full  and  complete 
answer.  That  this  kind  of  ability  is  fairly 
widely  spread  we  all  know;  that  it  can  be 
cultivated  to  a  high  degree  of  perfection  is 
very  apparent  to  those  who  have  had  engi- 
neering experience;  but  there  still  remains 
something  more  or  less  intangible,  which 
differentiates  the  first  class  man  from  the 
super-designer,  who  combines  knowledge,  ex- 
perience and  skill  with  an  intuition  for  picking 
out  the  best  of  all  possible  methods  in  so 
complete  a  fashion  that  the  blend  of  all  these 
cultivated  and  inherent  faculties  enables  him 
to  evolve  a  well  nigh  perfect  machine  or 
structure. 

Such  men  are  rare,  but  those  individuals 
in  whom  we  recognize  this  skill,  almost  akin  to 
genius,  all  seem  to  possess  that  same  craving 
for  scientific  knowledge  which  distinguished 
the  early  pioneers  of  engineering,  like  Watt, 
Stephenson  and  Faraday;  and  although  it  is 
not  possible  for  the  many  to  emulate  the 
example  of  these  historic  figures,  yet  we  are 
all  in  a  sense  more  fortunate  than  they  were 
since  the  facilities  for  obtaining  all  kinds  of 
scientific  knowledge  are  now  so  great  as 
compared  with  the  past. 

Photo-elasticity  is  one  among  many  sources 
of  knowledge  on  which  engineers  can  rely 
for  information  regarding  stress  distribution 
and  although  as  yet  but  small  attention  has 
been  given  to  its  application  to  design,  it 
appears    possible    that    its    use    may    in    the 


future  lie  greatly  extended  until  it  becomes  a 
recognized  drawing  office  and  workshop 
method  for  determining  the  forms  and  pro- 
portions of  the  different  elements  which 
make  up  a  machine  or  structure. 

One  of  the  chief  difficulties  usually  met 
in  designing  is  the  defect  in  our  knowl- 
edge of  the  data  affecting  the  problem,  which 
latter  cannot  in  general  be  stated  exactly 
This  is  particularly  noticeable  with  run- 
ning machinery,  where  the  effects  of  varying 
load,  pressure  and  temperature  changes, 
friction,  wear,  inertia  of  moving  parts  and 
the  like  are  difficult  to  estimate,  while  the 
necessities  imposed  by  manufacturing  proc- 
esses complicate  the  problem  still  further. 

Many  of  the  processes  of  design  appear  to 
commence  from  the  assumption  of  a  definite 
form,  the  scale  of  which  is  adjusted  by  the 
conditions  to  be  met,  and  it  would  no  doubt 
be  an  advantage  if  the  process  commenced  at 
an  earlier  stage  with  a  systematic  attempt  to 
find  the  most  suitable  shape.  In  this  work 
photo-elasticity  can  be  pressed  into  service 
provided  it  is  borne  in  mind  that  it  can  only 
be  of  use  in  one  element  of  the  problem,  viz.. 
as  regards  stress  distribution. 

If  the  design  of  an  element  is  assumed  to 
depend  primarily  upon  the  load  which  it  has 
to  bear  we  are  at  liberty  to  adopt  any  criterion 
which  appears  likely  to  attain  the  required 
end,  and  our  judgment  of  its  value  will 
depend  upon   the  results  obtained. 

If,  by  way  of  example,  the  simple  case  of  a 
tension  member  is  taken,  in  which  a  pull  is 
transmitted  by  pins  at  each  end,  then  it  is 
clear  even  without  any  examination  in 
the  polariscope  that  a  rectangular  plate  such 
as  is  shown  in  Fig.  1  is  not  a  good  form,  since 
in  the  main  body  of  the  member  the  stress 
is  much  less  than  in  the  neighborhood  of  a 
pin.  Economy  of  material  with  a  more 
even  distribution  of  stress  will  be  obtained 
if  the  outline  is  modified  somewhat  as  shown 
by  the  (letted  lines,  so  that  the  main  section 
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of  the  link  is  fixed  by  the  ability  of  the 
material  to  withstand  the  tcnsional  load 
without  overstress,  and  the  end  contours  so 
designed  that  they  shall  not  be  stressed 
beyond  the  capacity  of  the  material  at  any 
place. 

This  particular  problem  has  exercised  the 
minds  of  engineers  in  all  parts  of  the  world, 
notably  those  having  to  do  with  bridges,  and 
many  diverse  forms  have  been  used  as  main 
tension  members,  showing  that  no  general 
agreement  has  been  reached  in  this  simple 
case.  Some  of  the  well  known 
A  standard    shapes    appear    to 

assumed 


Fig.  F»e-  2 

perfectly  arbitrary  manner,  or  at  the  dictates 
of  manufacturing  necessities,  and  their  scale 
determined  by  experiments  on  links  tested 
to  destruction. 

If,  however,  a  commencement  is  made  by 
the  aid  of  a  definite  principle,  one  which 
appears  to  be  helpful  is  to  shape  the  contour 
by  following  the  lines  of  principal  stress 
subject  to  whatever  initial  conditions  it  may 
be  necessary  or  reasonable  to  impose.  In  this 
example  if  "the  distance  between  the  pins  is 
considerable,  the  main  body  of  the  member 
may  clearly  be  taken  as  of  uniform  cross 
section,  and  the  shape  of  its  ends  determined 
by  tracing  the  directions  of  the  lines  of 
principal  stress  in  a  plate  shaped  in  such  a 
fashion  that  the  temporary  boundary  of  the 
end  allows  free  development  of  these  lines. 
If  for  example  the  temporary  contour  has  the 
form  of  a  curve  A,  Fig.  2,  having  the  line  of 
load  as  an  axis  of  symmetry,  then  a  new  con- 
tour B  can  be  obtained  experimentally  which 


where  tangential  to  one  of  the  systems 

of  principal  stress,  and  winch  may  be  taken 
as   an    approximation    to   the   shape   sought 
Experiment  shows  thai  the  arbitrarily  chosen 
form  of   the  contour  A   influences  the  form 
of  the  contour  B,  especially  if  the  two  are 
close  together,   and   for  this  reason  alone  it 
appears  to  be  desirable  to  begin  by  choosing 
an  ample  boundary  in  order  to  obtain  curves 
of  principal  stress  not  much  influenced  by  the 
primary  contour  conditions      Having  in  this 
manner     obtained     a     number     of     possible 
boundaries,  one  of  these  can  be  chosen  and  the 
plate  cut  to  this  form  for  further  experiment 
An  examination  of  this  form  in  the  polariscope 
shows   a   picture   of    the   stress 
difference  through  the  member, 
and  what  is  in  general  of  par- 
ticular   advantage,    the    actual 
stresses    at    all     parts    of     the 
boundary  wherever  there  are  no 
external  loads — a  result  of  much 
use  in  a  rapid  investigation.     In 
any  case,  however,   a  complete 
analysis    can    be    made   of    the 
stress  in   a   plate  fashioned    in 
this  way.     It  may  happen  that 
the    shape    so    chosen   may    be 
altered  by  following  an  interior 
principal  stress  line  to  obtain  a 
further   contour  which  can   be 
examined    anew,    and    it    is    of 
importance  to    point    out   here 
that    such    a    process    has    the 
effect  of  reducing  all  the  stresses 
across  the  new  contour  to  zero. 
From  a   purely   theoretical   aspect  it  would 
seem    proper    only    to    cut    a    new    contour 
along  a  line  of  principal  stress  in  which  the 
cross   radial    stress   is   zero,   but   in    general 
this  is  not  possible.     By  proceeding  in   the 
fashion    described,    it   has   been   found   pos- 
sible  however    to    arrive   at    a    form    which 
shows  a  distribution  of  stress  which  compares 
very    favorably    with    that    of    any    of    the 
existing   forms',    its   principal    characteristics 
being  the  more  gradual  merging  of  the  main 
body  of  the  member  into  the  end,  as  Fig.  2 
shows,  with  lessened  stress  concentration  and 
the   absence   of   any   circular   curves   in   the 
external  contour.      Even   with  all  the  care, 
however,  which  can  be  taken  it  is  impossible 
to  avoid  great   concentration  of  stress  in  a 
plate  link  at  various  points,  and  these  places 
are  especially  noticeable  near  the  inner  point 
C  of  the  transverse  cross  section  and  slightly 
below  this  plane  where  the  largest  tensional 
stress  is  visible,  and  also  at  the  inner  point  D 


Fig.  3 
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of  the  longitudinal  section.  The  stress  dis- 
tribution across  the  sections  is.  in  fact, 
somewhal  as  indicated  in  Fig.  :i.  and  it  can 
be  reduced,  where  most  intense,  only  by 
increasing  the  cross  section  of  the  link 
around  the  pin.  This  may  be  accomplished 
when  a  safe  working  stress  is  chosen  by 
marking  off  a  line  showing  this  intensity  on 
the  stress  distribution  diagrams  as  indicated, 
and  determining  the  thickness  and  radius 
of  a  boss  which  will  approximately  reduce 
the  stress  to  a  proper  value.  If  necessary  the 
distribution  caused  by  the  bosses  may  be 
examined  in  the  polariscope  and  new  dimen- 


sions found  by  further  experimental  measure- 
ments. As  regards  this  particular  problem 
it  may  be  remarked  that  although  pin-con- 
nected tension  members  do  not  occupy  the 
importance  they  once  did  in  bridge  con- 
struction it  is  possible  that  it  may  be  still 
necessary  to  use  such  members  in  the  very 
largest  span  bridges  of  the  future,  and  a 
detailed  investigation  of  the  form  to  be 
given  to  the  ends,  for  the  most  economical 
weight,  would  then  be  well  worth  while 
For  simple  eye-bolt  connections  where  light- 
ness is  of  extreme  importance,  as  in  a;r- 
planes,  the  same  methods  might  also  be 
employed,  especially  as  the  methods  of 
reducing  the  stress  around  the  pin,  advocated 
here,  would  be  more  justifiable  than  for  a 
very  large  member  such  as  is  used  in  bridge 
work. 

Although  the  choice  of  the  directions  of 
principal  stress  in  selecting  a  contour  may  be 
questioned,  there  is  some  evidence  for  its  use 
afforded  bv  nature  which  mav  be  adduced  in 


its  support.  If  the  bone  structure  of  the 
human  frame  is  examined  it  is  found  that 
the  directions  of  the  tissues  of  the  interior 
form  frameworks  which  follow  the  lines  of 
principal  stress  resulting  from  the  loads 
applied  to  them  at  the  joints,  and  this 
appears  to  be  true  not  only  for  man  but  also 
for  the  whole  of  the  animal  creation  now 
existing  or  belonging  to  past  eras.  One  of  my 
colleagues,  an  authority  on  paleontology, 
informs  me  that  the  lines  of  principal  stress 
in  fossil  bones  afford  a  valuable  indication  of 
the  mode  of  locomotion  of  the  creature  to 
whom  they  belonged.  Even,  however,  if  the 
criterion  adopted  here  is  not  the  correct  one. 
it  is  possible  to  demonstrate  in  many  cases 
that  it  does  give  shapes  which  prolonged 
experience  shows  to  be  correct  after  possibly 
a  long  process  of  elimination  of  bad  forms 
which  have  failed  to  stand  up  to  their  work. 

As  a  further  instance  of  the  application  of 
photo-elastic  methods  to  design  w-e  may  take 
a  compression  member  having  a  central  hole 
in  it  which  as  we  knowr  causes  a  great  con- 
centration of  stress  around  its  boundary 
when  load  is  applied.  Commencing  with  a 
rectangular  plate,  it  is  easy  to  determine  the 
lines  of  principal  stress  which  start  from  the 
application  of  load  at  one  end,  pass  around  the 
hole  and  .arrive  at  the  opposite  loaded  con- 
tour. Some  of  these  curves  are  shown  in 
Fig.  4,  and  the  distribution  of  stress  across  a 
horizontal  section  is  indicated;  from  which 
by  a  further  selection  of  new  contours  and  a 
re-examination  of  the  problem  it  is  possible 
to  determine  an  economical  form  in  which, 
as  before,  some  definite  addition  of  material 
around  the  hole  is  necessary  according  I 
stress  distribution  determined  in  this  region. 

A  good  many  attempts  at  design  have  been 
made  in  this  way,  and  it  is  only  proper  to  say 
that  not  all  have  been  successful.  There  are 
difficulties  in  some  cases  of  which  one  or  two 
may  be  indicated  in  an  attempt  which  was 
made  to  design  an  ordinary  straight  lever 
with  equal  arms. 

Adopting  an  ample  contour,  in  this  case  a 
rectangle.  Fig.  oa.  and  applying  appropriate 
forces  to  the  pins  as  indicated,  it  is  not 
difficult  to  draw  on  the  projected  image  of 
this  primitive  lever  a  series  of  curves  of 
principal  stress  by  aid  of  a  plane  polarized 
beam  in  the  polari- 

One  set,  mainly  lines  in  tension,  indicate 
a  primitive  shape  for  the  lever,  and  the  other 
set,  shown  dotted  in  Fig.  5a,  must,  however, 
be  regarded  as  redundant  in  this  problem. 
The  first  set  are  clearly  called  into  being  by 


PHOTO-ELASTICITY   POR   ENGINEERS 


the  circumstances  created  by  the  directions 
<  if  the  loads  at  the  pins,  and  if  these  directions 
are  reversed,  all  these  lines  re-appear  on  the 
opposite  side  of  the  center  line,  and  for  both 
sets  we  obtain  curves  of  the  form  shown  in 
the  second  figure,  where  a  new  difficulty  pre- 
sents itself  by  the  intersection  of  the  two 
families  of  curves. 

The  obvious  way  of  evading  this  difficulty 
is  to  add  transition  curves  Fig.  5b  at  these 
angles,  as  indicated  by  dotted  lines,  and  then 
re-examine  the  new  model  cut  from  the  outer 
contour.  If  this  process  is  carried  out,  so  far 
as    may    be    necessary,    and    the    places    of 


Figs.  5a,  5b,  and  5c 

greatest  stress  in  the  plate  strengthened  by 
adding  bosses  at  the  pin  contours,  by  the 
methods  already  indicated,  a  final  form  is 
derived,  as  Fig.  5c  indicates,  which  is  not 
inconsistent  with  those  used  in  practice 
where  conditions  of  work  have  led  to  great 
care  in  the  design  of  such  levers. 

The  method  in  this  case,  however,  is  open 
to  criticism.  It  must  be  admitted  also  that 
in  some  cases,  particularly  hooks  and  curved 
links  of  chains,  it  has  not  yet  been  found 
possible    with    this    criterion    to    produce    a 


design  which  gives  results  which  practice 
has  shown  to  be  desirable  or  necessary. 
Although  the  criterion  adopted  may  possibly 
not  be  the  most  suitable  our  for  the  pui 
yet  the  cases  described  show  thai  it  does  give 
shape  and  form  to  some  simple  members 
which  are  not  inconsistent  with  independent 
experience 

Whatever  view  may  be  taken  on  this  matter 
there  still  remain  many  advantages  in 
experiments  on  transparent  models  which  are 
quite  independent  of  this  particular  system  of 
design,  and  in  fact,  a  purely  arbitrary  pro- 
cedure, such  as  a  method  of  trial  and  error, 
can  be  used  until  a  suitable  shape  is  evolved 
with  much  greater  ease  and  rapidity  than 
any  other  method  known  to  the  lecturer. 
The  polariscope  indicates  the  stress  distri- 
bution at  all  points  by  the  stress-differences 
(P-Q)  existing  in  the  material,  and  as  shear 
is  proportional  to  this  difference  we  have  at 
our  command  pictures  representing  shear 
stress  for  any  body  capable  of  being  repre- 
sented by  a  model  in  plate  form. 

This  is  particularly  convenient  for  many 
engineering  purposes  because  experiment 
shows  that  ductile  materials  like  mild  steel, 
wrought  iron,  brass  and  the  like  fail  when  the 
shear  stress  passes  a  limiting  value,  and 
hence  the  color  pictures  of  the  polariscope 
afford  a  ready  means  of  finding  places  under 
high  shear  stress,  that  is,  where  failure  is 
likely  to  occur. 

The  mechanical  properties  of  nitro-cellulose 
also  warrant  the  belief  that  this  material  also 
fails  by  shear  unless  of  exceptional  hardness, 
so  that  wherever  failure  occurs  in  a  model 
we  may  look  for  a  similar  occurrence  in  the 
actual  member  in  ductile  metal. 

As  regards  brittle  metals,  experimental 
evidence  appears  to  favor  the  view  that 
breakdown  occurs  when  the  major  principal 
stress  reaches  a  limiting  value,  and  in  such 
cases  it  is  probable  that  the  behavior  of 
models  in  glass  woidd  represent  most  accu- 
rately the  conditions  in  cast  iron  and  the 
like,  but  so  far  there  appears  to  be  little 
exact  experimental  evidence  owing  to  the 
difficulties  of  shaping  glass  for  this  kind  of 
experimental  work.  As  regards  all  forms  of 
nitro-cellulose  examined  so  far,  the  points  of 
failure  are  particularly  easy  to  locate,  since 
breakdown  of  the  structure  shows  itself  by 
a  clouding  of  the  color  bands,  and  the 
ultimate  formation  of  a  black  patch  in  the 
over-stressed  area  which  on  the  removal  of 
the  load  shows  its  presence  by  its  persistence 
when   stress   intensity   has   been   carried   far 
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enough  to  break  down  the  internal  structure 
very  much.  If  only  a  small  overstress  has 
been  experienced  the  removal  of  the  load 
causes  these  places  to  appear  as  white  patches 
when  contrasted  with  the  dark  field  of  the 
rest  of  the  model  as  viewed  through  crossed 
Nicol's  prisms. 

From  what  has  been  said  it  may  be  inferred 
that  experiments  with  transparent  models 
yield  information  which  can  only  be  obtained 
with  great  difficulty,  if  at  all,  in  a  metal,  and 
that  little  time  is  required  to  obtain  the 
information  described  as  compared  with  any- 
other   known    experimental    method. 

A  design  of  a  suitable  form  for  a  plane 
member  under  stress  may,  in  fact,  be  carried 
out  usually  with  considerable  rapidity  and  at 
small  cost. 

(To  be 


It  is  also  worthy  of  note  that  whether  this  is 
carried  out  by  the  criterion  of  principal  stress 
lines  or  not  a  characteristic  feature  which 
presents  itself  is  the  almost  complete  absence 
of  straight  lines  and  circles  in  the  form  found, 
and  there  seems  to  be  few  cases  in  which 
these  may  be  properly  used  in  cases  where 
complex  stress  occurs  in  the  material.  The 
examples  which  have  been  described  indi- 
cate this  clearly  and  there  is  good  reason  to 
think  that  the  accidental  circumstance  that 
straight  lines  and  arcs  of  circles  are  easier 
to  draw  than  any  other  curves  often  leads 
to  failures  in  the  material  when  under 
stress,  which  were  it  not  for  the  somewhat 
slavish  adherence  to  the  usual  drawing  in- 
struments might  be  avoided  by  a  more 
rational  procedure. 


Switchboard  Equipment  for  Cape  Town 

By  Emil  G.  Bern 

Switchboard  Engineering  Department,  General  Electric  Company 

The  switchboard  and  control  equipment  described  in  this  article  embodies  the  very  latest  engineering 
features  and  practice.  The  control  board  is  remarkable  for  its  size  and  for  the  complete  provisions  that  art- 
made  for  present  and  anticipated  future  requirements.  The  capacity  of  the  generators  and  transformers  which 
it  will  ultimately  control  will  be  several  times  that  which  will  initially  be  put  in  service. — Editor. 


In  building  their  new  Dock  Road  power 
house,  the  Corporation  of  the  City  of  Cape 
Town,  South  Africa,  has  looked  carefully 
into  the  future  and  has  planned  for  almost 
any  conceivable  demand  for  electric  light, 
power  and  railway  service.  At  least  as  far  as 
the  switchboard  equipment  is  concerned, 
judicious  provision  has  been  made  for  the 
most  optimistic  expansion  without  impairing 
the  logical  arrangement  of  equipment  or 
continuity  of  service.  The  installed  generat- 
ing capacity  is  somewhat  less  than  20,000 
kw.,  but  the  switchboard  has  been  designed 
to  handle  many  times  this  amount. 

System  of  Connection 

Fig.  1  shows  the  system  of  main  con- 
nections. The  standard  frequency  is  50 
cycles.  Two  operating  voltages  are  generated 
and  maintained,  viz.:  11,000  volts,  3-phase, 
3-wire  for  synchronous  converters,  large 
motors,  and  for  distant  distribution;  and 
2200  volts,  2-phase,  3-wire  for  motor-gener- 
ators, medium  size  motors  and  for  local 
distribution.  The  two  phases  of  the  quarter- 
phase  system  are  interconnected  through  a 
common  bus,  which  is  grounded.  The  11,000- 
volt   generators   are   Y-connected.    with    the 


neutral  point  grounded  for  protection.  The 
high  and  the  low  tension  buses  can  be  con- 
nected through  Scott-connected  transformer 
banks,  operative  in  either  direction.  It  is 
therefore  possible  to  deliver  current  at 
11,000  volts  3-phase,  and  2200  volts  2-phase 
with  any  single  machine,  or  with  any  com- 
bination of  machines  running. 

Double  sets  of  buses  are  used  on  both 
systems  to  eliminate  interruption  of  service 
at  times  of  cleaning,  repair  or  extension. 
Each  circuit  has  a  single  oil  circuit  breaker 
for  the  two  sets  of  buses,  but  bus  tie  oil  cir- 
cuit breakers  are  installed  for  connecting  the 
two  sets  when  desirable  to  transfer  a  circuit 
from  one  bus  to  another.  The  same  arrange- 
ment is  used  on  the  11,000-volt  and  on 
the  2200-volt  systems. 

Automatic  Protection 

The  generator  circuits  are  protected  by 
time-limit  overload  relays  of  the  induction 
type.  Instantaneous  differential  relays  are 
connected  through  current  transformers 
across  each  phase  of  the  generator  windings. 
These  are  hand  reset.  In  the  ground  con- 
nection of  the  11,000-volt  generator  there  is 
also  an  instantaneous  overload  relav. 
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The   3-phase   to   2-phase   transformer  cir- 
cuits  have  time-limil  i  >\  erli  iad  relays,  and  also 
instantaneous   differentia]    protection    across 
msformers. 

All  feeders  and  the  bus  tie  circuits  have 
time-limil  overload  protection,  the  11,000- 
volt  feeders  each  having  in  addition  an 
instantaneous  relay  operating  to  open  the 
circuits  on  unbalanced  load. 

Besides    this    protective    equipment 
circuit  is  provided  with  a  so-called  tri] 
relay,   the  function  of  which  is  to  allow  an 
electrically  operated  circuit  breaker  to  open 
automatically   immediately  on  closing,   even 
if  the  control  switch  should  not  yet  be  open; 


against    danger  during   cleaning,   repairs,   or 
when  making  extensions. 

Instrument  and  Control  Board 

Fig.  2  shows  the  instrument  and  control 
board  as  assembled  in  the  factory  before 
shipment.  The  construction  is  General 
Electric  standard,  with  some  special  features 
to  meet  certain  requirements  of  the  installa- 
tion. The  length  of  the  board  is  over  one 
hundred  feet.  The  ends  between  the  board 
and  the  wall  are  enclosed  with  grille  work  and 
doors.  A  mimic  bus  and  connection  system 
finished  in  dull  copper  is  laid  out  on  the 
control  bench  to  represent  diagrammatically 
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Fig.  1.      Diagram  of  Main  Connections 


or  in  other  words,  to  prevent  holding  a  circuit 
breaker  closed  on  an  overload. 

Switching  Apparatus 

Fig.  3  shows  the  arrangement  in  cross 
section  of  switching  apparatus.  The  oil 
circuit  breakers  are  General  Electric  standard 
"H"  type,  motor  operated.  This  type  of  oil 
circuit  breaker  favors  a  very  simple  arrange- 
ment of  the  bus  compartments  and  discon- 
necting switches.  Doors  are  hung  in  front 
of  the  compartments  for  protection.  A 
masonry  wall  between  the  two  sets  of  buses 
on  both  the  low  tension  and  high  tension 
systems  serves  as  a  solid  support  for  the 
disconnecting  switches,  as  a  carrier  between 
different  parts  of  the  system  in  case  of  short 
circuit  trouble,  and  as  a  perfect  protection 


the  main  connections  of  the  station.  The 
oil  circuit  breakers  are  represented  in  this 
diagram  by  the  control  switches  which 
operate  them,  and  the  generators  and  trans- 
formers by  name  plates  properly  inscribed. 
The  contrast  of  the  dull  copper  finish  on  the 
natural  black  slate  presents  a  pleasing 
appearance. 

A  signal  system  for  communication  between 
the  switchboard  and  the  machine  is  provided 
for  each  unit.  The  machine  station  is 
pedestal  mounted  and  located  near  the 
machine,  and  the  switchboard  station  is  set 
into  the  control  bench  from  which  the 
machine  is  controlled.  Each  signal  station 
is  complete  for  sending,  receiving  and  acknowl- 
edging six  signals.  A  three-way  push- 
button   switch    lights    a    lamp    back    of    the 
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signal  word  etched  on  a  glass  plate;  and  an 
alarm  bell  rings  until  the  signal  is  answered 
by  turning  the  light  off. 

The    specifications    and    designs    for    the 


switchboard  equipment  wen-  prepared  jointly 
!>y  the  engineers  i  if  I  he  ( ieneral  Electric  Com- 
pany and  Geo.  H.  Swingler,  city  electrical 
engineer  of  Cape  Town. 
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Fig.  3.     Sectional  Elevation  of  Control  Station,  Showing  Location  of  Oil  Switches, 
Buses,  Control  Board  and  Cables 
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Shipyard  Cranes 


By  H.  H.  Vernon 

Power  vnd  Mining  Engineering  Department,  General  Electric  Company 

The  record  breaking  pace  set  by  the  intensive  wartime  program  of  our  Emergency  Fleet  Corporation 
would  have  been  impossible  without  the  electrically- operated  shipyard  crane.  Equally  indispcnsible 
is  this  type  of  crane  in  the  economical  construction  of  ships  in  times  of  peace.  In  assembling  a  ship 
on  tlic  ways,  the  electrically-operated  crane  handles  the  great  variety  of  heavy  and  clumsy  parts  with  a  dex- 
teritv  that  is  almost  human  and,  what  is  of  particular  value,  does  so  at  the  high  all-day  efficiency  character- 
istic- of  electric  drive  for  intermittent  duty. — Editor. 


In  ship  construction,  practically  all  the 
material  is  so  heavy  or  unwieldy  as  to  require 
its  being  handled  and  placed  in  position  by 
mechanical  means.  For  this  purpose  the 
electrically-operated  crane  is  employed  and 
therefore  ranks  as  one  of  the  most  important 
pieces  of  machinery  in  the  shipbuilding 
industry. 

There  are  different  types  of  cranes  used  for 
different  classes  of  service,  and  in  some 
instances  there  are  two  or  more  types  which 
are  utilized  for  the  same  class  of  service.  This 
article  however  is  restricted  to  a  description 
of  the  more  common  varieties  of  the  outdoor 
type  because  the  indoor  cranes  used  in  ship- 
yard foundries,  forge  shops,  and  machine 
shops  are  the  same  as  those  found  in  similar 
service  in  other  industrial  plants. 

Shipyard  cranes  range  widely  in  size  and 
character,  the  limits  being  the  small  hand- 
operated  device  for  handling  light  loads  and 
the  exceedingly  large  350-long-ton  hammer- 


head electrically-operated  fitting-out  crane' 
shown  in  Fig.  9.  The  most  common  type  is 
the  jib-boom  crane,  of  which  there  are  a 
number  of  different  models  as  shown  in  Figs. 
1.  2,  .'!,  4  and  5.  The  one  shown  in  Fig.  3  i> 
of  the  swing-boom  or  derrick  class  and  has 
only  three  motions:  hoist,  boom  hoist,  and 
swing.  If  cranes  of  this  design  are  employed 
to  cover  a  shipway  of  any  considerable  size, 
a  large  number  of  them  will  be  necessary 
because  the  area  served  by  each  crane  i^ 
limited  to  the  length  of  its  boom  and  there- 
fore their  spacing  must  be  sufficiently  close 
to  permit  the  end  of  each  boom  meeting  the 
end  of  the  boom  of  the  adjoining  crane. 

Figs.  1,  2,  4  and  5  illustrate  cranes  of  tin- 
traveling  jib-boom  type,  that  is,  in  addition 
to  having  hoist,  boom  hoist,  and  swing 
motions  the  crane  travels  on  a  track  or  run- 
way. As  these  cranes  run  back  and  forth  the 
entire  length  of  the  shipway,  only  one  is 
necessary  on  each  side  of  the  way  or  one 
crane  will  serve  adjacent  sides  of  two  ways 
A    traveling   jib-boom   crane    serves   a    large 


Revolving  Jib  Traveling  Crane.      N 
Shipbuilding  Corp..  Camden    N.  J. 


Revolving   Jib   Traveling  Pillar  Cra 
chant  Shipbuilding  Corp.,  Bristol,  Pa. 
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area,  limited  only  by  the  length  of  the  boom 
and  the  length  of  the  runway.  As  shown  by 
the  illustrations,  some  of  these  cranes  run  on 
a  track  laid  on  the  ground  while  others  run 
on  an  elevated  track. 

Fig.  4  shows  cranes  of  the  turn-table  and 
king-pin  type,  and  Fig.  2  one  of  the  pillar  type. 
The  former  has  the  turn  table  or  revolving 
part  held  in  position  by  a  king  pin  and  the 
weight  is  supported  on  small  wheels  or  rollers. 
The  latter  uses  a  pillar  instead  of  a  king  pin 
and  the  weight  of  the  revolving  part  is  sup- 
ported on  small  wheels  or  rollers  or  on  a 
spherical  bearing  at  the  bottom.  When 
supported  on  small  wheels  or  rollers  the  lower 
end  of  the  pillar  is  held  in  place  by  a  vertical 
bearing  which  takes  the  side  thrust. 

While  the  foregoing  types  comprise  those 
most  commonly  employed,  some  others  used 
in  shipyards  are  of  the  hammer-head,  half- 
gantry,  gantry,  and  travelling  bridge  types 
The  hammer-head  crane  is  made  either 
stationary  as  shown  in  Fig.  !),  or  movable  as 
shown  in  Fig.  6.  This  latter  has  four  move- 
ments: hoist,  trolley,  rotate,  and  travel. 
With  this  type  of  crane  it  is  possible  to  get  a 
high  lift  at  a  large  radius,  as  well  as  at  a  small 
radius. 

The  half-gantry  and  gantry  cranes  are 
usually  used  for  handling  plates.  The  half- 
gantry  has  one  leg  on  the  ground  and  the  other 
end  is  carried  on  a  rail  attached  to  the  side 
of  a  building.  A  gantry  crane  is  one  that  has 
the  hoist  mounted  on  a  trolley  carriage  the 
same  as  a  travelling  bridge  crane,  but  it  dif- 
fers from  the  latter  in  that  it  has  two  legs. 
Some  of  these  gantry  cranes  have  a  cantilever 
boom  such  as  shown  in  Fig.  8. 

The  travelling  bridge  crane  such  as  is  com- 
mon in  manufacturing  plants  is  not  used  to 
great  extent  in  shipyards,  but  occasionally 
they  are  made  use  of  over  the  shipways  as 
shown  in  Fig.  7. 

Both  direct-current  and  alternating-current 
power  have  been  used  successfully  on  ship- 
yard cranes.  With  direct  current,  dynamic 
braking  control  is  usually  employed  on  the 
hoist.  This  gives  power  hoisting  and  partial 
power  and  dynamic  braking  in  the  lowering 
direction.  Reversible  control  is  used  on  the 
other  motions  of  the  crane;  and  for  revolving 
cranes,  such  as  shown  in  Figs.  1,  2,  and  4, 
magnetic  control  with  automatic  acceleration 
should  be  used  for  revolving  or  slewing,  as 
this  motion  is  practically  all  acceleration. 
The  travel  motion  of  revolving  cranes  is 
equipped  with  a  control  to  give  one  or  more 


creeping  speed  points.  In  order  to  stop  tin 
crane  without  undue  shocks,  it  is  brought  to 
a  \nw  speed  by  the  crei  ping  speed  points  and 
when  power  is  shut  off  the  brake  set'  and 
brings  the  crane  to  a  stop.  Creeping  speed 
points  give  dynamic  braking  \\  I  <n  the  mol  >i 
or  motors  are  overhauled  l>v  t  he  crane,  thereby 
providing  a  means  fur  holding  the  speed  i, 
a  safe  value  when  travelling  with  a  high 
wind 


Fie-  11.      Trolley  Carriage  with  Alternating-current  Cr 
Motors  and  Solenoid  Load  Brake  Mounted 
on  the  Hoist  Motor 


When  alternating-current  motors  are  used 
reversible  control  equipments  are  employed 
on  all  motors.  If  the  crane  is  of  the  revolving 
type  as  shown  in  Figs.  1.  2.  and  4,  magnetic 
control  with  automatic  current-limit  accelera- 
tion should  be  used  for  revolving  or  slewing. 
If  the  operator  does  not  travel  with  the  hoist- 
ing machinery  and  an  automatic  mechanical 
load  brake  is  not  used,  a  solenoid  load  brake 
should  l>e  included  as  shown  in  Fig.  II.  For 
the  bridge  motion,  multiple  magnet  brakes 
should  be  used  in  order  to  bring  the  crane  to 
a  stop  gradually.  A  multiple  magnet  brake 
is  one  that  gives  two  or  more  degrees  of 
braking  corresponding  to  the  number  of 
solenoids  used.  The  control  would  In  SO 
arranged  that  the  first  point  picks  up  one 
;olenoid  and  the  second  point  picks  up  the 
other  solenoid  (assuming  two  degrei 
braking)  and  at  the  same  time  energizes  the 
motor.  In  slopping,  power  is  shut  off  the 
motor  and  one  Solenoid  is  released,  thus 
giving  a  certain  degree  of  braking  which 
retards  the  crane,  and  when  a  low  speed 
obtains  the  controller  is  turned  to  the  "off" 
position  and  the  other  solenoid  is  released  and 
full  braking  torque  is  applied  which  brings  th< 
crane  to  a  complete  stop 
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Marine  Terminals 


By  J.  A.  Jackson 

Powef   \m>  Mining  Engineering  Department,  General  Electric  Company 

The  cost  of  exports  and  imports  is  greatly  increased  and  the  time  of  delivery  much  delayed  by  antiquated 
methods  of  transference  at  the  junction  of  the  land  and  sea  common  carriers.  The  following  article  explains 
the  shortcomings  of  the  system  in  vogue  and  lists  the  design  factors  which  must  be  considered  in  order  to 
produce  the  quick  turn  around  essential  to  the  economic  efficiency  of  marine  terminals.  It  then  discusses  the 
matter  of  power  supply  and  the  general  application  of  the  necessary  freight  handling  machinery. — EDITOR. 


"  Marine  Terminal"  is  a  broad  term  which 
covers  piers,  wharves  or  quays,  together  with 
the  necessary  supporting  warehouses  and 
other  facilities  such  as  machinery,  trackage, 
etc.  Such  terminals  form  an  essential  link  in 
the  system  necessary  for  handling  the  com- 
merce of  the  world,  and  yet,  until  very 
recently,  their  design  and  operation  has 
perhaps  received  less  scientific  thought  and 
study  than  any  other  link  in  the  system. 

The  over-night  growth  of  our  merchant 
marine  to  be  the  second  largest  in  the  world, 
the  breaking  down  of  the  railroad  system  of 
this  country,  and  the  enormous  tonnage  of  our 
commerce  has  thrown  upon  marine  terminals 
a  tremendous  burden.  While  the  peak  of 
this  burden  no  doubt  passed  temporarily 
with  the  ending  of  the  war,  a  steady  volume 
of  commerce  equal  to  the  war  peak  volume 
will  unquestionably  result  in  the  near  future 
due  to  the  intense  industrial  activity  which 
will  result  from  the  competition  between  the 
leading  nations  of  the  world  for  commercial 
supremacy.  The  attainment  of  this  com- 
mercial supremacy  will  depend  largely  on 
efficiency  of  production,  using  production  in 
a  broad  sense  to  cover  not  only  manufacture 
but  transportation. 

Of  all  the  links  in  the  entire  system  of 
production  from  the  raw  material  to  the 
delivery  of  the  finished  product,  terminals 
have  probably  the  lowest  efficiency.  When 
one  considers  the  immense  amount  of  study 
which  has  been  given  to  increasing  the 
efficiency  of  our  industries  and  to  that  part 
of  our  transportation  system  other  than 
terminals,  it  is  nothing  short  of  astounding 
that  terminals  have  been  so  neglected.  The 
low  efficiency  of  terminals  is  due  partly  to 
the  poor  design  of  practically  all  except 
those  built  during  and  since  the  war  and 
partly  to  the  extensive  use  of  manual  labor 
instead  of  machinery. 

In  the  design  of  marine  terminals,  there 
are  certain  fundamentals  which  must  be 
considered:  First,  the  ratio  of  terminal  shed 
cubic  capacity  to  the  tonnage  of  the  boats 
which  can  dock  alongside  at  any  one  time, 
making   due   allowance   for   aisle   space   and 


the  height  to  which  cargo  can  be  safely  and 
economically  piled.  Second,  the  proximity 
of  supporting  warehouses  and  the  ratio  of 
their  cubic  capacity  to  the  yearly  tonnage 
through  the  terminal,  making  due  allowance 
for  the  character  of  the  freight  to  be  handled 
and  the  average  time  it  will  be  in  storage. 
Third,  the  type  and  quantity  of  mechanical 
handling  equipment  which  can  be  economi- 
cally used.  Fourth,  the  design  and  arrange- 
ment of  suitable  lighting.  Fifth,  the  assurance 
of  a  continuous  power  supply.  Sixth,  the 
location  and  arrangement  of  railroad  con- 
nections. Seventh,  the  arrangement  and  size 
of  driveways  and  tail  board  space  for  motor 
trucks  and  drays.  Eighth,  the  width  of  slips 
(water  space  between  piers). 

The  economic  efficiency  of  a  terminal 
should,  and  undoubtedly  will  in  the  future, 
be  measured  by  its  ability  to  show  a  quick 
turn  around  for  both  boats  and  cars  entering 
it.  Boats  and  cars  are  earning  dividends  only 
when  moving  and  the  charges  against  them 
while  stationary  run  into  enormous  figures. 
The  standbv  charges  of  a  10,000-ton  boat 
will  run  from  $4000  to  as  much  as  $5000 
in  some  cases  for  each  day  in  port.  Further- 
more it  can  be  shown  that  the  equivalent  of 
over  liHiJKin  ears  can  be  added  to  our  rail- 
roads  if  only  one  hour  out  of  each  present 
idle  car  day  can  be  saved  for  each  freight  car 
in  the  United  States.  These  two  facts  are 
pointed  out  simply  to  emphasize  the 
importance  of  giving  serious  consideration 
to  all  points  in  the  design  and  operation  of 
marine  terminals. 

Since  it  is  out  of  the  question  in  a  brief 
article  of  this  kind  to  cover  fully  the  design 
and  operation  of  a  terminal,  especial  attention 
will  lie  given  only  to  the  power  supply  and 
the  application  of  power  to  machinery  and 
lighting.  Connection  to  a  reliable  central 
slat  inn  sup]  living  electric  power  is  without 
doubt  the  most  desirable  and  economical 
|  ii  '\\  i  r  supply.  Marine  terminals  may  become 
sufficiently  large  in  the  future  to  justify 
their  own  generating  stations;  in  fact,  one  is 
now  being  laid  out  in  New  York  which  will 
probably  follow  this  plan,  using  alternating- 
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current  turbine-generator  units  and  syn- 
chronous converter  substations  to  supply 
direct-current  power  where  required.  It  will 
be  interesting  to  see  what  the  load-factor 
will  be  on  this  station  when  operation  begins, 
and  also  to  see  whether  the  generating 
station  has  sufficient  advantages  over  central- 
station  power  to  justify  its  existence  for  this 
class  of  service. 

If  the  size  of  a  terminal  seems  to  justify  a 
generating  station  of  its  own,  the  questions 
of  coal  supply,  ash  disposal,  boiler  feed 
water,  and  condensing  water  must  be  given 
careful  study  and  the  cost  per  kilowatt-hour 


of  all   kinds  should   l>r   provided    to   insure 

against  a  power  failure. 

With  either  alternating  or  direct  current, 
220  to  250  volts  is  the  most  appropriate 
voltage  for  power  supply  with  a  three-wire 
system  giving  110  to  125  volts  for  lighting. 
Lower  voltages  run  the  copper  investment 
into  large  figures  while  higher  voltages,  such 
as  440  or  550,  lead  into  insulation  troubles 
on  account  of  the  damp  salty  atmospheric 
conditions  around  the  water  front. 

Alternating  current  is  admirably  adapted 
for  lighting  and  for  continuous  running 
power    equipment    such    as    conveyors    and 


Airplane  View  of  a  Modern  Marine  Terminal — The  Boston  Quartermasters'  Terminal — showing  the  two-story  pier  sheds  served 
by  gantry  cranes  and  the  eight-story  supporting  warehouse  in  the  rear.     The  powerhouse  for  the  terminal  is  also  shown. 
It  provides  for  heating  the  buildings  and  also  contains  substation  equipment  for  converting  the  power 
obtained  from  the  Edison  Electric  Illuminating  Company 


should  be  accurately  worked  out  to  obtain  a 
fair  comparison  between  a  generating  plant 
and  the  purchase  of  power  from  a  central 
station.  This  will  involve  a  study  of  the 
required  initial  investment,  depreciation, 
operating  costs,  load-factor,  peak  loads,  etc.. 
and  it  is  predicted  that  in  very  few  cases  will 
such  a  study  show  a  generating  station  to  be 
more  economical  than  central-station  power, 
principally  on  account  of  the  load-factor. 
If  central-station  power  is  used,  precautions 
should  be  taken  to  insure  a  continuous 
supply  by  having  two  or  more  independent 
feeder  cables.  A  failure  of  power  for  a  short 
time  entails  too  great  a  loss  to  take  any 
chance  of  this  kind.  Suitable  transformer  or 
synchronous  converter  substations,  or  both, 
will  be  necessary  and  their  location  must  be 
carefully  considered  with  the  view  of  keeping 
the  cost  of  distribution  copper  to  a  low  figure 
and  to  minimize  the  fire  hazard.     Spare  units 


pumps,  and  it  can  be  used  quite  successfully 
for  cranes,  winches,  and  elevators.  Where 
these  latter  machines  are  installed  in  large 
enough  numbers  to  get  a  good  load-factor 
on  a  converter  substation,  it  is  desirableto 
use  direct  current  for  them  as  the  operating 
characteristics  of  a  direct-current  motor  are 
somewhat  superior  to  those  of  an  alternating- 
current  motor  for  these  machines.  If  storage 
batterv  equipment  such  as  tractors  and 
industrial  trucks  are  used,  direct  current 
becomes  absolutely  necessary  and  converting 
apparatus  of  some  type  with  suitable  switch- 
boards for  charging  batteries  must  be 
installed. 

The  power  requirements  for  a  terminal  are 
going  to  depend  largely  en  the  attitude  of  the 
owners  towards  the  introduction  of  labor 
saving  machinery  and  also  to  the  ability  of 
the  operating  force  to  make  full  use  of 
such    machinery    as    is    supplied    to    them. 
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The  majority  of  thr  marine  terminals  now 
in  operation  arc  narrow  one-story  pier  sheds 
on  which  no  machinery  is  used  or  ran  well 

be  used  for  want  of  space,  so  that  their 
power  requirements  arc  limited  to  lighting 
Such  terminals  are  not  efficient  and  never 
can  be,  hence  they  cannot  be  referred  to  as  a 
guide  for  determining  the  power  require- 
ments per  ton  handled.  In  fact,  there  arc 
ely  any  completely  equipped  efficient 
terminals  which  have  operated  long  enough 
at  anywhere  near  capacity  to  get  reliable 
data  either  on  power  requirements  or  on  the 
type  and  quantity  of  machinery  to  install. 
For  the  present  then,  theoretical  calculations 
must  be  relied  upon  for  such  information. 

In  the  past,  the  ships'  deck  winches  have 
been  relied  upon  entirely  for  loading  and 
unloading  and  all  handling  in  the  pier  shed 
has  been  done  with  hand  trucks.  In  ware- 
houses, a  few  low-speed  freight  elevators 
have  been  used  and  in  some  cases  whip  hoists 
have  been  employed  for  hoisting  freight  up 
the  outside  of  the  building.  The  labor 
situation  and  the  demand  of  the  public  for 
higher  efficiency  anil  lower  costs  is  com- 
pelling a  change.  Cranes  of  various  types 
and  portable  electric  winches  are  taking  the 
place  of  the  ships'  winches  for  hoisting  cargo 
in  and  out  of  the  hatches.  In  some  cases 
where  conditions  permit,  conveyors  are  hand- 
ling cargo  in  almost  a  continuous  stream 
between  piles  in  the  pier  shed  and  the  deck 
of  the  ship,  leaving  only  the  hoisting  from 
the  hold  to  the  deck  to  lie  performed  by 
cranes  and  winches.  With  commodities  such 
as  bananas  and  bagged  goods,  special  con- 
veyors are  designed  to  deliver  or  receive  the 
goods  in  the  hold  of  the  vessel  itself,  thereby 
transferring  the  material  from  the  hold  to  a 
point  well  within  the  pier  sited  without 
manual  labor  or  any  break  in  continuity  of 
movement. 

Inside  the  pier  shed  and  the  warehouse 
and  on  open  sections  of  the  terminal  there  is 
a  big  field  for  power  driven  machinery  to 
supersede  the  hand  truck  and  manual  labor 
for  the  horizontal  movement  of  i 
Extreme  flexibility  is  essential  as  high 
efficiency  demands  continuous  transfer  with- 
out rehandling  Viet  ween  the  ship's  side  and 
the  pile  or  vice  versa.  As  the  pile  may  be 
located  at  any  point  in  the  pier  shed  or  even 
on  the  top  floor  of  an  adjoining  warehouse. 
it  is  plain  that  fixed  machinery  such  as 
conveyors  or  machinery  on  tracks  does  nol 
have  the  required  flexibility.  This  leaves 
the  field   open    to  battery   industrial 


trucks    and    tractors    with    trailers,    as.    with 
suitable  elevators,  they  can  reach  any  point 
in  a  terminal.      Their  value   in   this  field   is 
being  rapidly  appreciated  and  many  terminals 
now    have   a    full    or   partial    equipment    of 
them.       Suitable    battery    charging    stations 
under  the  supervision  of  a  co 
battery   man   arc-  essential    for   the   successful 
operation  of  tractors  and  tracks.    If  alternat- 
ing   current    only    is    available,     convi 
apparatus   must   be   used    for   obtainin. 
direct  current  necessary  for  battery  charging. 

At    terminals  where   ships  with   side 
dock,     tractors    and     trailers    or    indu 
trucks  will  frequently  take  freight   onti 
boat,    delivering    it    direct    to    the    stowers, 
thereby    avoiding    any    rehandling    between 
the  boat  and  the  pile.   Where  tidal  conditions 
make    steep    grades   between    the    pier    deck 
and  the  side  port,  power  ramps  or  conveyors 
hinged   at   the  shore  end  are  used   to  assist 
tracks  and  tractors  up  and  down  the  incline. 

In  terminals  where  the  design  or  operation 
is  such  as  to  require  all  material  to  be  stored 

in  the  pier  shed,  such  as  in  piers  not  sup] 1 1  <  I 

by  warehouses,  the  monorail  crane  on  an 
adjustable  loop  track  may  be  profitably 
employed  to  handle  cargo  between  the  hold 
and  the  pile  without  a  rehandling. 

The  growing  use  of  two  or  more  story  pier 
sheds  with  multi-storied  warehouses  in 
proximity  makes  the  use  of  elevators  impera- 
tive and  their  platform  area,  capacitv.  speed, 
location,  method  of  control,  etc..  all  require 
considerable  study  to  assure  high  all-around 
operating   efficiency   of    the   terminal.      The 
terminal    elevator    of    the    future    must    be 
capable  of  lifting  a  loaded  71  L>-ton  auto  truck 
to  the  second   story  of   the   pier   shed   or  a 
tractor  with  a  train  of  four  or  five   loaded 
trailers    to   the   top   story    of   a   warehouse 
The  number  and  location  of  elevators  must 
be  such  as  to  avoid  circuitous   routing  and 
to  assure  little  or  no  waiting     Pi  ir  any  eli 
speeds  which  are  necessary   in   this  cla 
service,   alternating  current   can  be  su< 
fully  used  provided  the  electrical  equipment 
is  properly  designed. 

Piling  machines  of  the  inclined  conveyor 
and  the  vertical  lift  type  also  find  a  place  in 
the  power  equipment  used  in  terminals.  Their 
sphere  of  usefulness  is  more  confined  to  the 
warehouse  as  high  piling  is  often  prohibitive 
on  the  pier  on  account  of  the  number  and 
size  of  consignments  and  the  necessity  for 
leaving  "marks"  visible  for  inspection,  i 

The  selection  of  power-driven  machinery 
for     an     entire     terminal      involves     qui 
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complicated  problem  since  the  operation  of 
the  various  types  of  units  is  so  co-related 
that  a  shortage  of  any  one  type  may  prevenl 
other  types  from  working  up  to  capacity. 
On  the  other  hand,  idle  equipment  earns  no 
dividends — hence  a  surplus  of  any  one  type 
means  idle  capital.  Sufficient  machinery 
should  be  provided,  however,  to  keep  busy 
such  manual  labor  as  must  necessarily  be 
employed,  for  an  idle  laborer  is  worse  than 
idle  machinery. 

The  art  of  illuminating  engineering,  which 
has  been  applied  so  effectively  and  efficiently 
to  our  industries,  can  be  applied  with  equal 
effect  to  terminals  and  certainly  should  be 
applied  to  the  fullest  extent.  Ample  illumina- 
tion prevents  loss  of  time  by  enabling  steve- 
dores to  read  marks  and  locate  consign- 
ments    rapidly;     it     reduces    accidents     by 


showing  up  dangerous  places  and  conditions; 
it  reduces  thefl  and  produces  a  cheerful 
atmosphere  which  is  conducive  to  efficiency. 

For  good  average  illumination  in  marine 
terminal  buildings  I  here  will  be  required 
from  '4  to  Yi  watt  per  square  foot  of  floor 
surface,  figured  on  the  basis  of  using  modern 
high  efficiency  incandescent  lamps  with 
suitable  reflectors.  Are  lighting  is  a  thing  of 
the  past  for  lighting  of  this  character. 

There  is  perhaps  no  one  more  interested 
in  efficient  terminal  operation  than  ship 
owners  and  operators,  as  a  quick  turn  around 
may  mean  the  difference  between  divide  mis 
or  a  loss  on  their  invested  capital.  It  is  to  be 
hoped  therefore  that  the  marine  fraternity  as 
a  whole  will  do  all  in  its  power  to  support 
a  general  demand  on  the  part  of  the  public 
for  modern  terminals  efficiently  operated. 


Electric  Motors  and  Control  for  Dry  Docks 

By  L.  F.  Adams 

Power  and  Mining  Engineering  Department,  General  Elei  irh   Company 

Whether  a  ship  be  drv  docked  by  pumping  I  he  water  from  around  the  hull,  as  in  a  basin  dock,  or  by  raising 
the  ship  above  the  water  level,  as  in'a  floating  dock  or  in  a  marine  railway,  the  suitabilitj  of  electric  power  for 
the  purpose  has  resulted  in  its  universal  use.  The  following  article  describes  the  types  of  motors  and  control 
employed  to  operate  the  main  and  auxiliary  pumps,  the  valves,  and  the  haulage  mechanisms.    -Editor. 

placed  a  short  distance  inside  the  outer 
entrance.  Two  or  more  large  main  pumps 
and  one  or  more  drainage  pumps  of  the 
centrifugal  type  driven  by  electric  motors, 
with  possibly  a  motor-driven  sump  pump  and 
motor-driven  valves,  together  with  the 
necessarv  control  arc  required.  The  motors 
for  driving  the  main  and  drainage  pumps  in 
modern  docks  are  of  vertical  construction 
and  of  either  the  slip-ring  or  squirrel-cage 
type,  usually  the  slip-ring  type  for  the  main 
pumps  and' the  squirrel-cage  type  tor  the 
drainage  pumps.  The  sump  pump  and 
valve  motors  are  invariably  of  the  squirrel- 
cage  tvpe 

A  caisson  is  needed  for  closing  the  dock 
entrance.  Sometimes  the  dock  is  divided  into 
two  sections  by  a  second  cat-son.  Vertical 
induction  motors  are  employed  for  driving 
the  pumps  and  high-torque  induction  motors 
operate  the  valves.  Large  docks  of  this  type 
recently  completed  and  put  in  operation  are 
the  Hunter's  Point  Dry  Dock  of  the  Bethle- 
hem Shipbuilding  Corporation,  Ltd.,  San 
Francisco;  Drv  Dock  No.  4  at  the  Ports- 
mouth, Va.,  Navy  Yard;  and  the  Common- 
wealth Dry  Dock  at  Boston,  the  largest  on 


The  dry  docking  facilities  in  the  country 
have  not  kept  pace  with  the  construction  of 
ships.  We  have  built  up  a  big  merchant 
marine,  but  little  has  been  done  toward  pro- 
viding means  for  keeping  this  fleet  in  con- 
dition for  service.  Vessels  lay  in  harbors  for 
weeks  awaiting  their  turn  for  necessary 
renovation.  As  a  result  there  are  a  number 
of  dry  docks  now  either  under  construction 
or  contemplated,  and  it  is  essential  that  they 
utilize  modern  electrical  equipment. 

There  are  three  types  of  modern  dry  docks 
basin  or  graving  docks,  floating  docks,  and 
railway  dry  docks;*  and  one  or  more  of  each 
type  are  now  under  construction  at  various 
plants.  The  first  two  types  require  a  pumping 
plant  either  on  shore  or  on  the  dock  itselt. 
The  third  type  requires  a  means  for  hoisting 
the  cradle  on  which  the  vessel  rests.  In  the 
earlier  dry  docks  steam-driven  reciprocating 
pumps  or  engines  were  used,  but  today 
electric  motors  and  control  are  universally 
adopted   for   all    types. 

In  the  basin  or  graving  type  of  dock  a 
pumping  station  is  essential  and   is  usually 
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the  Atlantic  coast.    A  similar  dock   is    under 
construction  at  the  Philadelphia  Navy  Yard. 

The  wooden  or  steel  sectional  floating  dry 
dock  as  compared  to  the  basin  dock  is 
generally  cheaper  in  first  cost,  usually  less 
expensive  to  operate  and  has  greater  flexi- 
bility in  service.  The  pumps  are  of  the 
vertical  centrifugal  type,  designed  to  operate 
efficiently  under  a  variable  load  and  located 
in  the  pontoons,  one  or  more  being  required 
on  each  side  of  each  pontoon.  The  pumps 
are  driven  through  vertical  shafting  by 
squirrel-cage  or  slip-ring  induction  motors 
placed  on  the  decks  of  the  wings.  Many  of 
the  latest  docks  are  also  equipped  with  motor- 
operated  valves.  This  type  of  dock  is  usually 
built  to  handle  8,000  to  12,000  tons,  although 
a  few  of  larger  capacity  are  in  use,  notably 
the  20,000-ton  dock  of  "the  Bethlehem  Ship- 
building Corporation  at  Sparrows  Point,  Md\, 
and  the  30, 000-ton  dock  of  the  Morse  Dry 
Dock  and  Repair  Co.,  Brooklyn,  N.  Y. 

As  has  been  stated,  alternating-current 
motors  are  generally  used  on  all  types  of  dry 
docks.  The  main  pumps  for  basin  dry  docks 
require  motors  from  700  to  1300  h.p.  Drain- 
age pump  motors  and  pump  motors  for  the 
caisson  for  this  type  of  dock  range  from  50 
to  200  h.p.  The  thrust  bearing  supports  not 
only  the  weight  of  the  rotor,  but  also  the  shaft- 
ing and  pump  impeller,  and  in  addition  takes 
care  of  the  water  thrust .  As  the  motors,  except 
those  in  the  caisson,  are  placed  in  a  well 
constructed  station  they  may  be  designed 
for  2200  volts  or  lower.  Caisson  pump 
motors,  sump  pump  motors,  and  valve  motors 
are  always  wound  for  220  or  440  volts. 

For  floating  dry  docks  modern  design  tends 
toward  a  vertical  direct-connected  motor  for 
each  pump,  the  thrust  bearing  of  the  motor 
supporting  the  entire  weight  of  the  revolving 
parts.  Motors  are  either  of  the  squirrel-cage 
constant-speed  or  slip-ring  varying-speed 
types,  depending  upon  the  method  adopted 
for  operating  the  dock.  The  capacity  of  the 
motors  ranges  from  20  to  125  h.p.  depending 
on  the  size  of  the  dock,  the  number  of  motors 
to  each  section,  and  the  time  allowed  for 
raising.  In  some  cases  the  vertical  shafts 
driving  the  pumps  are  connected  through 
bevel  gears  to  a  line  shaft  running  along  the 
deck  of  the  wing.  The  line  shaft  is  split  near 
the  center  and  is  driven  through  spur  gears  by 
a  horizontal  slip-ring  motor  of  from  L25  to 
200  h.p.  with  a  pinion  mounted  on  each  end  of 
the  motor   shaft.      The   motors   are   usually 


wound  tor  220  or  140  volts,  although  2200 
volts  may  be  adopted  on  condition  that 
provision  is  made  for  keeping  the  temperature 
of  the  air  surrounding  the  motor  slightly 
above  the  outside  air  so  as  to  prevent  con- 
densation. Three  docks  using  2200-volt 
motors  are  in  successful  operation.  Such 
installations  require  a  house  over  each  motor 
and  this  has  been  the  usual  practice  even 
when  lower  voltages  have  been  used. 
However,  a  new  type  of  weatherproof 
vertical  dry-dock  motor  designed  for  220 
or  440  volts  has  been  recently  developed 
and  is  placed  on  the  wings  without  any  other 
protection  from  the  elements.  A  large 
number  of  such  motors  have  been  furnished 
for  recently  constructed  docks. 

Most  of  the  motors  for  railway  dry  docks 
vary  from  100  to  250  h.p.  in  size,  depending 
on  the  capacity  of  the  dock,  and  are  usually 
wound  for  220  or  440  volts,  although  2200  volts 
should  be  satisfactory  because  the  equipment 
is  placed  in  a  suitable  house  at  the  head  of  the 
track.  On  account  of  the  large  torque 
required,  slip-ring  type  induction  motors  are 
always  specified. 

The  control  for  dry-dock  motors  may  be 
either  of  the  hand-operated  type  or  of  the 
magnetic  type  remotely  operated  through 
control  switches.  For  the  larger  motors  in 
basin  dry  docks  the  magnetic  type  of  control 
is  preferred,  while  for  the  smaller  motors 
standard  hand-operated  starting  compen- 
sators or  drum-type  controllers  may  be  used, 
but  even  here  there  is  a  decided  tendency 
toward  the  magnetic  type  of  control.  On 
floating  dry  docks,  modern  practice  demands 
the  magnetic  type  of  control  and  the  placing 
of  the  control  boards  mounting  the  con- 
tactors, relays,  and  protective  devices  along- 
side the  motor  on  the  wings  of  the  dock  in  a 
weather-proof  box  and  operating  through 
control  switches  placed  in  a  house  on  the 
pier  at  the  end  of  the  dock.  The  latest  type 
of  motor  operated  valve  employs  magnetic 
control  mounted  in  the  valve  stand  and  the 
control  switches  also  located  in  the  control 
house  on  the  pier.  The  dock  master  directs 
the  docking  of  a  vessel  from  this  point  so  the 
entire  control  of  the  dock  is  made  most 
accessible  by  such  an  equipment.  A  manually 
operated  controller  usually  meets  all  require- 
ments for  operating  the  motor  for  railway 
dry  docks,  except  that  the  magnetic  control 
is  "sometimes  used  for  motors  of  large  capac- 
itv  and  invariably  for  2200-volt  motors. 


240     March,  1921 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXIV,  No.  3 


Marine  Railways 


By  C.  B.  Connely 
Power  and  Mining  Engineering  Department,  General  Electric  Company 
Dry  docks  of  the  railway  type,  commonly  known  as  marine  railways,  have  recently  been  built  in  capacities 
sufficient  to  accommodate  all  but  the  largest  of  the  ships  built  on  the  wartime  program  of  the  Emergency  Fleet 
Corp.  While  docks  of  this  type,  but  of  smaller  size,  have  been  in  use  for  a  number  of  years,  the  successful 
operation  of  the  recent  ones  of  large  capacity  will  undoubtedly  result  in  the  installation  of  many  more.  The 
author  describes  the  construction,  operation  and  electrical  equipment,  and  discusses  the  considerations  involved 
in  determining  the  size  of  the  haulage  motor. — Editor. 


Government  reports  for  the  last  fiscal  year 
state  that  there  are  a  total  of  34S2  American 
merchant  ships,  government  and  privately 
owned,  with  a  total  gross  tonnage  of  1 1 , 70S, 342 
or  an  average  of  3360  gross  tons  per  boat. 

The  Emergency  Fleet's  wartime  program 
was  the  following: 


510  vessels  less  than 

5000        tons 

dead  wt.  27% 

215  vessels  of 

5000-    5999    " 

"       "    11% 

84 

6000-    7499   " 

"       "      4% 

271 

7500-    8499   " 

"       "    14% 

644 

8500-10,000   " 

"       "    34% 

188 

10,000  and  over" 

"       "    10% 

From  the  foregoing  it  will  be  seen  that  90 
per  cent  of  the  ships  built  were  less  than 
10. Odd  tons  dead  weight  capacity  or  as  will 
be  shown  later,  within  the  capacity  of  modern 
marine  railways. 

For  our  newly  acquired  merchant  marine 
to  be  successful  and  efficient,  ample  facilities 
for  repairs  must  be  provided  at  points  well 
distributed  along  our  coast  line.  Since  a  large 
percentage  of  our  tonnage  is  in  boats  of  5000 
tons  deadweight  capacity  or  less,  and  since 
many  of  our  ports  have  channels  and  docks 
which  will  not  accommodate  larger  boats, 
there  is  no  necessity  for  these  ports  to  provide 
repair  facilities  beyond  this  capacity.  Fur- 
thermore, many  of  our  smaller  ports  do  not 
draw  sufficient  trade  to  justify  large  expend- 
iture of  capital  in  repair  plants.  To  meet 
these  conditions,  the  marine  railway  (or  rail- 
way dry  dock)  is  almost  ideal.  The  financial 
outlay  is  relatively  small,  since  the  essential 
parts  consist  of  a  wheeled  cradle  on  inclined 
tracks  extending  from  the  shore  out  into  the 
water  to  the  proper  depth  together  with  the 
necessary  motive  power  and  braking  appa- 
ratus for  hoisting  and  lowering  the  cradle  and 
ship  at  a  suitable  speed. 

Marine  railways  arc  of  two  types;  viz.,  end 
haul  and  side  haul;  and  may  be  constructed 
of  wood,  concrete,  steel  or  composite.  The 
modern  marine  railway  differs  from  the  older 
type  in  that  vessels  are  now  lifted  from  the 
water  on  an  even  keel,  whereas  in  the  older 
type  the  forward  end  of  the  vessel  was  car- 
ried out  of  the  water  for  some  distance  before 
the  keel  had  grounded  along  its  entire  length , 
thus  causing  undue  strains  in  the  hull. 


Owing  to  the  low  initial  cost  and  the  very 
reasonable  operating  expense  of  marine  rail- 
ways, their  use  appeals  to  the  ship  repair 
company;  and  the  experience  being  gained 
with  our  increased  merchant  marine  has  led 
to  the  building  of  marine  railways  consider- 
ably larger  than  has  heretofore  been  thought 
feasible.  Up  until  recently,  a  railway  for  a 
5000-ton  deadweight  vessel  of  an  actual 
weight  approximating  3000  tons  was  con- 
sidered as  being  the  limit  in  design.  In  1920, 
however,  two  railways  have  been  completed 
by  the  Moore  Shipbuilding  Company  having 
capacities  for  ships  of  15,000  tons  deadweight 
weighing  up  to  8500  long  tons,  and  these  will 
accommodate  any  of  the  ordinary  ocean  going 
freighters  and  tankers  up  to  500  feet  in  length, 
even  with  a  partial  cargo  or  a  fuel  supply  in 
the  bunkers.  Before  the  construction  of 
these  two,  the  Moore  Shipbuilding  Company 
had  in  operation  the  then  largest  one  in  the 
world,  having  a  capacity  for  ships  weighing 
5200  tons.  All  three  docks  were  designed  by  and 
constructed  under  the  supervision  of  Leland  S. 
Rosener,  Consulting  Engineer,  San  Francisco. 

The  essential  elements  of  these  docks  are 
long  inclined  tracks,  sloping;  from  the  shore  to 
deep  water,  a  cradle  traveling  up  and  down 
these  tracks  on  roller  trains,  on  which  the 
ship  is  supported,  and  an  electric  hoist  located 
on  the  shore  which  hauls  the  cradle  up  the 
incline  and  lowers  it  by  means  of  chains. 
Each  dock  consists  of  a  cradle  approximately 
500  ft.  long  and  76  ft.  wide,  an  incline  track 
system  upon  which  the  cradle  moves  from  its 
point  of  maximum  submersion  to  a  point 
above  the  high-water  line,  and  a  hauling  sys- 
tem consisting  of  a  set  of  chains  operated  by 
an  electrically  driven  hoisting  mechanism. 
Each  of  these  new  docks  is  hauled  by  eight 
chains  arranged  in  parallel  and  automati- 
cally equalized.  The  chains  are  made  of 
refined  iron,  hand-welded,  and  thoroughly 
proof -tested  at  the  factory. 

The  hoists  were  built  in  the  Moore  Ship- 
building Company's  shops  from  Mr.  Rosener's 
design.  They  are  driven  by  500-h.p.  slip-ring 
450-r.p.m.  motors  with  wound  rotors  con- 
trolled by  liquid  rheostats  and  magnetic  con- 
trol.   Speed  reduction  from  the  motors  to  the 
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main-head  shafts,  on  which  the  chain  wild  cats 
are  mounted,  is  made  through  three  sets  of 
spur  gears.  All  of  the  gears  are  of  steel,  the 
fast  train  of  motor  reduction  gears  being  cut 
and  the  other  slower  trains  being  cast  gears, 
lowering  a  ship  regenerative  braking 


Fig.  5.    A  View  Toward  Shore  from  End  of  the  Cradle.  Showing 

the  Electric  Hoist  and  Chain  Arrangement.     The  motor  is 

of  the  slip-ring  type  and  rated  at  500  h.p.      The  liquid 

rheostat  is  covered  by  the  canvas  in  the  foreground 


is  used,  that  is  the  main  motor  being  driven 
overspeed  returns  energy  to  the  line.  This 
practically  eliminates  the  use  of  the  hand- 
operated  post  brakes  and  the  air-operated 
band  brakes,  these  being  used  only  at  the 
instant  of  stopping  or  in  an  emergency.  A 
combination  clutch  and  gear  shifting  arrange- 
ment permits  operating  the  hoists  at  the  low 
speed  of  16  feet  per  minute  for  large  ships,  or  at 
a  speed  of  28  feet  per  minute  for  lighter  loads. 

The  length  of  time  required  for  docking  a 
ship  after  it  is  started  into  position  averages 
about  40  minutes,  in  fact  three  ships  on  sepa- 
rate railways  have  been  docked  with  one  crew 
on  a  single  tide.  The  heaviest  ship  handled 
to  date  is  the  concrete  tanker  Palo  Alto,  shown 
in  Fig.  3,  which  weighs  7115  long  tons.  The 
power  demand  for  raising  this  ship  was  from 
165  to  565  h.p.,  the  latter  being  required  for 
only  five  minutes  at  the  upper  end  of  the  travel. 

As  may  be  seen  from  the  photographs,  the 
cradles  are  provided  with  elevated  frame  work 
along  both  sides,  the  top  of  which  is  always 
above  water.  On  these  sides  are  mounted 
hand  winches  for  operating  the  bilge  blocks, 
and  electric  capstans  which  are  used  to  float 
the  ships  to  the  proper  position  over  the  keel 
blocks. 


A  four-wire  trolley  system  located  between 
the  two  docks  supplies  three-phase  440-volt 
current  for  the  operation  of  the  capstans  and 
fi  ir  lighting,  and  also  serves  as  a  signal  system 
between  the  cradle  and  the  hoist  house.  This 
trolley  system  is  very  similar  in  construction 
to  the  trolley  system  of  a  crane  located  along 
the  crane-way  and  consists  of  four  bare  wires 
loosely  carried  on  insulating  blocks  and  a  col- 
lector device,  which  is  mounted  on  the  rail- 
way, slides  along  the  wire. 

Fig.  1,  2.  3,  6,  and  7  show  various  vessels 
on  dry  docks  of  the  Moore  Shipbuilding  Com- 
pany at  Oakland,  Calif.  Fig.  1  shows  the  61  155- 
ton  steamer  Lyman  Stewart  on  a  7500-ton  dry 
dock  and  the  5106-ton  steamer  Arakan  on  an 
851  ii  i-ton  dry  dock.  Fig.  4  shows  the  steamer 
Antares  on  a  Crandall  Engineering  Company's 
dock  and  gives  a  good  idea  of  the  general  con- 
struction from  the  water  end. 

The  use  of  electricity  as  a  motive  power  for 
driving  a  marine  railway,  as  compared  to  a 


Fig    6.   A  View  of  the  Orani,  Showing  Especially  Well  the  Hoist 

and  Chain  Arrangement,  as  Well  as  the  Cradle,  Tracks,  and 

Roller  Trains       The  view  was  taken  before  the 

construction  of  the  hoist  house 


steam  plant,  is  ideal  for  standby,  and  power 
charges  are  a  minimum  and  power  is  always 
available  up  to  maximum  requirements. 
Repair  costs  are  held  to  a  minimum  and  the 
investment  for  electrical  apparatus  is  nominal. 
The  selection  of  the  proper  electrical  appara- 
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tus  involves  due  consideration  of  the  work  the 
motor  is  called  upon  to  perform.  Fig.  8  shows 
a  curve  of  the  chain  load  on  the  Crandall 
Engineering  Company's  railway  dry  docks, 
the  cradle  operating  at  high  tide.  It  shows 
the  percentage  of  cradle  travel  versus  the 
percentage  of  total  chain  load  and  should 
apply  on  any  size  of  railway  dry  dock.  An 
analysis  of  the  hoisting  and  lowering  of  the 
cradle  shows  that  the  pull  curve  starts  at  zero 
and  gradually  mounts  as  the  vessel  is  drawn 
from  the  water  until  a  maximum  is  reached 
with  the  vessel  completely  out  of  the  water 
and  being  drawn  into  its  final  location.  In 
lowering,  the  static  friction  has  to  be  overcome 
in  starting  after  which  the  motor  is  called 
upon  to  act  as  a  brake.  The  characteristic  of 
an  induction  motor  (with  which  most  railway 
docks  are  equipped)  is  that  when  driven  by 
an  overhauling  load  above  synchronous  speed 
the  motor  is  turned  into  an  inductive  genera- 
tor and  returns  power  to  the  incoming  power 
line,  thus  giving  a  braking  effect.  Inasmuch 
as  the  motor  is  only  called  upon  at  best  to 
operate  a  very  few  times  a  day,  the  heating 


Fig.  7.      A  View  of  the  Bow  of  the  Orani,  Showing  the 
Electric  Hoist  in  the  Foreground 

cycle  of  a  half  trip  determines  the  heating  ca- 
pacity of  the  motor.  The  major  portion  of  the 
heating  occurs  at  the  time  of  maximum  pull, 
which  is  with  the  ship  clear  from  the  water. 

Naturally,   as  different   shipways  vary  as 
to  the  gradient  and  as  to  the  size  of  the  ship 


to  be  hoisted,  no  single  motor  would  meet  all 
requirements  but  the  list  of  apparatus  required 
can  very  well  be  shown  by  typical  example. 
A  specific  cradle  in  hoisting  a  vessel  weighing 
3000  tons,  at  a  torque  varying  from  0  to  225 
h.p.,   required  a  total  of  45  minutes,  which 
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Fig.  8.     Characteristic  Curve  of  Chain  Load.  Cradle  Operating  at 
High  Tide,  on  a  Standard  Crandall  Railway  Dry  Dock 

was  equivalent  in  heating  effect  to  a  contin- 
uous horsepower  of  155.  A  standard  motor 
of  150  h.p.  was  therefore  recommended. 
A  further  requirement  was  that  the  motor 
should  be  able  to  exert  occasionally  250  h.p. 
which  the  150-h.p.  motor  was  able  to  do. 
With  such  a  motor  is  needed: 


(a) 
(6) 
(c) 


(d) 


Main-line  oil  circuit  breaker. 
Reversible  drum  controller. 
Reversing    contactors    with    overload 
relays  connected  in  the  primary  cir- 
cuit; all  mounted  on  the  panel. 
A   resistor    for   three-minute   starting 
service. 

The  resistor  furnished  with  such  a  control 
would  give  graduated  points  of  starting 
torque  of  the  motor  to  allow  of  low-speed 
manipulation.  Great  care  has  to  be  exer- 
cised that  sufficient  accelerating  points  are 
provided  in  the  control  so  that  excessive 
strains  in  the  chain  be  avoided.  In  the  very 
largest  types  of  dock,  such  as  those  at  the 
Moore  Shipbuilding  Company's  plant,  much 
care  has  to  be  exercised  in  avoiding  these 
strains  on  account  of  their  magnitude,  and  the 
consulting  engineer  specified  a  control  in 
which  liquid  rheostats  were  used  in  preference 
to  any  other.  While  this  may  be  necessary 
in  the  largest  sizes,  it  is  not  considered  neces- 
sary in  sizes  up  to  5000  tons  deadweight 
capacity.  This  listed  control  is  fundamental 
and  can  be  used  either  with  alternating  cur- 
rent or  direct  current  with  slight  difference 
in  detail.  In  alternating-current  equipment, 
the  braking  when  lowering  the  cradle  loaded 
is  done  by  the  motor  being  operated  slightly 
above  synchronous  speed.  In  direct-current 
equipment  the  braking  would  be  obtained  at 
any  required  speed  by  what  is  technically 
known  as  dynamic-braking  connections. 
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Methods  for  the  Production  and  Measurement 
of  High  Vacua 

PART  VII.     PHYSICAL  CHEMICAL  METHODS  (Continued) 

By  Saul  Dushman 
Research  Laboratory,  General  Electric  Company 

This  installment  continues  the  discussion  of  physical-chemical  methods  of  producing  high  vacua  more 
especially  by  absorption  of  gases  in  solid  substances.  The  composition  and  quantities  of  residual  gases 
evolved  in  vacuo  by  glass  and  metals  are  also  discussed  at  length.  The  next  installment  will  deal  with 
purely  chemical  methods  of  removing  residual  gases  and  also  with  the  electrical  clean-up  phenomena  at  low 
pressures. — Editor. 


General  Remarks 

From  the  standpoint  of  high  vacuum 
technique,  the  phenomena  included  under  the 
generic  term  "sorption"*  are  of  importance 
in  indicating  what  methods  may  be  applied 
to  clean  up  the  residual  gases  in  sealed-off 
devices.  The  usual  gases  present  in  such 
cases  are  hydrogen,  oxygen,  nitrogen,  carbon 
monoxide,  carbon  dioxide,  and  water  vapor. 
Inasmuch  as  the  vessels  to  be  exhausted 
ordinarily  consist  of  glass  and  also  have  metal 
parts,  it  is  furthermore  of  importance  to 
consider  the  behavior  of  different  kinds  of 
glass  and  metals  with  respect  to  sorption  and 
evolution  of  gas. 

In  the  previous  installments  of  this  series 
we  have  already  discussed  the  adsorption  of 
different  gases  by  charcoal  and  palladium 
black.  In  all  these  cases,  the  initially  evac- 
uated adsorbent  takes  up  a  portion  of  the  gas 
with  which  it  is  in  contact  and  the  distribution 
of  gas  between  the  adsorbent  and  the  gas 
phase  depends  not  only  upon  the  temperature 
of  the  former  but  also  upon  the  initial  total 
amount  of  gas  present.  Furthermore,  dif- 
ferent gases  are  adsorbed  to  a  widely  different 
extent  by  the  same  adsorbent  as  has  already 
been  illustrated  in  the  case  of  charcoal.  A 
similar  statement  holds  true  for  the  adsorp- 
tion of  the  same  gas  by  different  adsorbents. 
Table  XXIII  taken  from  Freundlich1  gives 
a  comparison  between  the  behavior  of  wood 
charcoal,  meerschaum,  and  glass  powder  as 
adsorbents. 

While  the  adsorption  of  gases  by  charcoal 
has  been  studied  extensively  because  this 
substance  is  such  a  powerful  adsorbent  for 
most  gases,  especially  at  very  low  tem- 
peratures, many  other  substances  have  also 


as  introduced  in  Part  VI  of  this  series  I  Gej 
w.  191M.  p.  59)  as  a  general  designation  1 
phenomena  of  clean-up  of  gases  by  solids 


•This 
Electric 
elude  the 

'Kapillarchemi'e,  1909.  p.  9' 

»J.   McGavack.  Jr.,  and   W.  A.   Patrick. 
4f.  846  (1920). 

"J.  Chem.  Soo.  London.  105,  645  (1914) 


been  found  to  exhibit  the  same  property' 
Meerschaum,  powdered  glass,  silica,  alumina, 
glass  wool,  thoria,  and  other  substances  in  a 
finely  divided  state  have  been  used  as  adsorb- 
ents in  special  cases.  The  gel  of  silicic  acid 
has  been  studied2  with  respect  to  its  adsorb- 
ing power  for  SO*.  Merton3  has  observed 
that  finely  divided  copper,  obtained  by 
reducing  a  solution  of  a  copper  salt,  adsorbs 
hydro-carbons,  nitrogen,  and  hydrogen  with 
great  rapidity.  The  copper  should  be  heated 
to  a  temperature  not  exceeding  250  deg.  C. 
It  gradually  loses  its  adsorbing  power  with 
use,  but  Merton  finds  that  it  can  be  used 
to  clean  up  the  residual  gas,  after  exhausting 
with  an  oil  pump,  to  such  a  low  pressure  that 
the  space  becomes  "non-conducting." 

In  general,  adsorbed  gases  are  re-evolved  on 
heating  the  adsorbent;  that  is,  the  reaction 
is  reversible  or  practically  so.     The  sorption 

TABLE   XXIII 

ADSORPTION   OF   GASES  BY   DIFFERENT 
ADSORBENTS 


Vol.   Adsorbed   at 

100  mm.  Hg.  and 

O  deg.  C. 


Wood  charcoal 


Meerschaum 


Glass  Powder 


co2 

24.9  cm3 

NH, 

95.1 

so2 

73.6 

CH3C1 

57.7 

NH, 

84.5 

SO* 

24.3 

CH,C1 

27.1 

CO, 
NH, 
SO. 


of  oxygen  by  charcoal  and  the  metals,  plati- 
num and  palladium  is,  however,  not  of  a 
similar  nature.  The  behavior  of  charcoal  in 
contact  with  oxygen  has  been  studied  by  a 
number  of  investigators.  When  charcoal 
which  has  adsorbed  oxygen  is  heated,  only  a 
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portion  of  the  gas  is  recovered  as  oxygen,  the 
remainder  is  re-evolved  as  carbon  monoxide 
and  dioxide.  The  results  of  the  most  recent 
investigation  of  this  subject,  by  H.  H.  Lowry 
and  G.  A.  Hulett,4  lead  to  the  conclusion  that 
while  some  of  the  oxygen  is  adsorbed  on  the 
surface  of  the  charcoal  and  may  be  recovered 
by  heating,  the  rest  is  held  by  the  charcoal 
as  a  surface  compound  or  compounds,  which 
are  stable  at  ordinary  temperatures  but  which 
break  down  to  CO  and  COo  at  200  deg.  C.  and 
above. 

Platinum  black  (prepared  in  a  manner 
similar  to  that  used  for  palladium  black) 
can  take  up  more  than  800  times  its  volume 
of  oxygen.  This  oxygen  is  removed  with 
great  difficulty,  showing  that  the  adsorption 
is  not  a  reversible  phenomenon.  Here  again, 
the  conclusion  has  been  drawn  that  PtO  is 
formed  on  the  surface.5  We  shall  show  in  a 
subsequent  connection  that  in  reality  these 
adsorption  phenomena  are  probably  not 
essentially  different  from  the  ordinary  revers- 
ible cases  of  adsorption. 

Sorption  of  Gases  by  Metals 

A  survey  of  the  results  obtained  by  a 
large  number  of  investigators  shows  that  the 
sorption  phenomena  of  gases  by  metals  are  of 
quite  a  complex  nature.6  Not  only  do  we  have 
cases  of  true  adsorption,  but  also  cases  in 
which  the  gases  are  dissolved  in  the  metals 
and  behave  in  every  way  like  solutions,  and 
still  other  cases  in  which,  undoubtedly, 
stable  chemical  compounds  are  formed  either 
on  the  surface  or  throughout  the  body  of  the 
metal,  and  in  some  cases  we  do  not  yet 
understand  the  exact  mechanism  of  the 
reaction.  As  will  be  pointed  out  in  the  dis- 
cussion of  theories  of  adsorption,  we  are 
dealing  in  such  cases  with  phenomena  which 
are  in  the  "No-man's"  land  that  exists 
between  so-called  physical  and  chemical 
reactions.  It  has  therefore  been  considered 
best  to  discuss  in  this  section  all  those  cases 
in  which  there  is  an  absorption  of  gases  by 
solids.  The  behavior  of  hydrogen  with 
respect  to  different  metals  illustrates  all  these 
cases  very  well  and  is  of  special  interest  from 
the  point  of  view  of  vacuum  investigations. 

■J.  Am.  Chem.  Soc.  42,  1408  (1920).  This  paper  gives  a  large 
number  of  references  to  previous  literature  on  this  subject. 

sEngler  and  Woehler.  Zeits.  f.  anorg.  Chem.  S9.  1  (1902). 
Mond.  Ramsay,  and  Shields.  Zeits  f.  phvsikal.  Chem.  25.  657 
(1898). 

6For  a  general  summary  of  the  literature,  see  Trans.  Faraday 
Soc.  14.  173.  232  (1919). 

'See  references  in  the  previous  installment  of  this  series. 
General  Electric  Review,  21,,  66.  Jan..  1921. 

"For  literature  see  Bancroft,  Jour.  Franklin  Inst..  J.«,5.  29 
(1918>. 

»Zeits.  f.  Elektrochem,  //,  555  (1905). 
">Ber   d.  deutsch.  Chem.  Ges.  44.  2394  (1911). 


The  sorption  of  hydrogen  by  palladium 
black  has  been  discussed  in  a  previous  section.' 
At  low  temperatures  the  evidence  points  to 
the  conclusion  that  we  are  dealing  with  a  case 
of  adsorption  or  surface  condensation.  On 
the  other  hand,  there  is  also  very  good  proof 
that,  at  higher  temperatures  at  least,  hydro- 
gen dissolves  in  palladium  in  the  atomic 
condition.  The  same  conclusions  hold  for 
hydrogen  and  platinum.  The  latter,  in  the 
condition  of  platinum  black,  is  able  to  take 
up  about  100  times  its  volume  of  the  gas." 
As  a  clean-up  agent  for  residual  gas  in  vacuum 
devices,  platinum  black  is  less  efficient  than 
palladium  black. 

The  behavior  of  hydrogen  in  contact  with 
tantalum  is  similar  in  certain  respects  to  the 
foregoing  phenomena.  Pirani9  has  observed 
that  this  metal  when  heated  in  hydrogen  can 
occlude  about  740  times  its  volume  of  the  gas. 
On  subsequent  heating  in  a  vacuum  about 
550  volumes  are  given  off,  while  the  rest  of  the 
gas  is  removed  only  at  the  melting  point  of 
the  metal.  The  occluded  hydrogen  makes  a 
tantalum  filament  quite  brittle  and  the 
electrical  resistance  is  increased  considerably. 

A  more  careful  investigation  of  the  sorption 
of  hydrogen  by  tantalum  was  carried  out  by 
A.  Sieverts  and  E.  Bergner.10  They  observed 
that  the  amount  of  gas  taken  up  by  the  metal 
decreases  with  increase  in  temperature  (as  in 
the  case  of  hydrogen  and  palladium),  and  that 
a  wire  heated  to  1200  deg.  C.  in  vacuo  absorbs 
hydrogen  slowly  at  temperatures  above  500 
deg.  However,  once  the  wire  is  saturated 
with  gas  at  the  higher  temperatures,  it  absorbs 
very  much  more  easily  at  lower  temperatures. 
At  ordinary  pressures,  the  amount  of  gas 
taken  up  is  given  by  the  relation 

v  =  k  m\  p 
whore  m  =  weight  of  tantalum 

p  =  pressure  of  hydrogen. 
Thus,  as  in  the  case  of  palladium,  we  must  o  in- 
clude that  the  hydrogen  in  the  metal  is  in  the 
atomic  condition.     The  solubilities  for  differ- 
ent temperatures  are  given  in  Table  XXIV. 

TABLE  XXIV 

WEIGHT   OF   H2   IN   mg.   DISSOLVED   BY 

100   g.   TANTALUM   AT    760   mm. 


.  t  deg.  C. 

mg. 

t  deg.  C. 

mg. 

100 

400 

630 

51.2 

183 

377 

730 

33.4 

263 

327 

830 

20.3 

314 

297 

930 

14.9 

474 

157 

1030 

11.9 

530 

107 

1130 

9.6 

1230 

8.0 
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At  very  low   pressures  the  solubility  is  less 

than  that  calculated  by  the  foregoing  relation. 

The  same  investigators  also  observed  that 

hydrogen  is  absorbed  by  tungsten  to  a  very 

ible  extent. 


ZOO     400   GOO   800  WOO  /ZOO  1400  1(00 
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Fig.  61.      Solubility  of  Hydrogen  in  Copper, 
Iron  and  Nickel 

In  the  case  of  the  metals,  copper,  iron,  and 
nickel,  the  careful  investigations  of  A. 
Sieverts  and  his  associates11  have  shown  that 
the  amount  of  hydrogen  dissolved  at  any 
given  temperature  varies  with  the  pressure 
according  to  the  relation 

V=Wp 

which  indicates  that  the  hydrogen  is  present 
in  solution  in  the  atomic  condition.  Further- 
more the  amount  of  gas  taken  up  depends 
only  upon  the  mass  of  the  metal  and  not  its 
area  (as  distinguished  from  adsorption). 
Also  the  solubility  increases  with  the  tem- 
perature, whereas  in  all  cases  of  adsorption 
the  amount  of  gas  taken  up  decreases  with 
increase  in  temperature.  Fig.  61  gives 
for  comparison  the  solubilities  of  hydrogen  in 
each  of  the  above  metals.  It  will  be  observed 
that  nickel  is  capable  of  dissolving  appreciable 
amounts  of  the  gas  at  higher  temperatures. 
At  the  melting  point,  the  solubility  increases 
abruptly,  as  shown  by  the  vertical  dotted  lines 
on  the  curves  for  nickel  and  iron,  and  under 


"Ze.ts.  f.  physikal  Chem.  77.  591  (1911). 

"For  a  general  survey  of  the  literature  on  the  subject  of 
hydrogen  sorption  by  metals,  refer  to  the  paper  by  Donald 
P.  Smith.  "The  Occlusion  of  Hydrogen  by  the  Metallic  Ele- 
ments  and  Its  Relation  to  Magnetic  Properties."  Journ.  Physical 
Chem..  iS,  1SB  (1919). 

"J.  Am.  Chem.  Soc.  Si,  779 


these  conditions  the  former  is  capable  of 
dissolving  12  times  its  volume  of  hydrogen. 
If  the  metal  saturated  with  gas  at  a  higher 
temperature  is  cooled  very  rapidly,  amounts 
are  retained  which  are  much  larger  than 
those  corresponding  to  equilibrium  at  the 
lower  temperature.  These  observations  are 
of  great  importance  as  a  guide  to  the  com- 
position of  the  gases  which  may  be  evolved 
from  metal  parts  used  in  vacuum  apparatus. 

The  equilibrium  between  metal  and  gas  is 
attained  at  a  slower  rate,  the  lower  the 
temperature.  Hence,  it  is  necessary  to  heat 
metals  in  a  vacuum  to  as  high  a  temperature 
as  they  can  stand  in  order  to  free  them 
thoroughly  of  dissolved  gases. 

The  metals  of  the  alkali  and  alkaline 
earth  group  combine  chemically  with  hydro- 
gen to  form  hydrides.12  Sodium  absorbs 
hydrogen  at  temperatures  above  300  deg.  C. 
and  forms  the  compound  Na2H.  Similarly, 
metallic  calcium  combines  rapidly  with  hydro- 
gen at  a  dull  red  heat  to  form  CaH2. 

The  dissociation  pressures  of  Xa2H  and 
K2H  have  been  measured  by  F.  G.  Keyes.13 
Table  XXV  gives  a  few  of  the  data  obtained 
at  higher  pressures.  Extrapolating  from  these 
we  obtain  for  the  dissociation  pressure  at 
lower  temperatures  the  following  values : 


t  deg.  C 

Press,  in  mm. 

100 

27 

7.76  X10-6 
6.84X10-'° 

That  is,  potassium  ought  to  clean  up 
hydrogen  to  a  residual  equilibrium  pressure 
of  less  than  1 0~6  bar.  The  dissociation  pressure 
of  CaH2  and  the  other  hydrides  of  the  alka- 
line earth  group  have  not  been  determined. 

TABLE   XXV 

DISSOCIATION    PRESSURES    IN    mm.   Hg  OF 

POTASSIUM   AND   SODIUM    HYDRIDES 


t  deg.  C 

K-H 

\a:H 

290 

5.01 

300 

7.3 

8.02 

320 

L7.62 

18.62 

340 

39.8 

4 1 .98 

360 

85.il 

90  66 

380 

177.0 

IS  1.07 

400 

259.74 

354.8 

Similarly  some  of  the  rare  earth  elements, 
like  lanthanum  and  cerium  absorb  hydrogen 
very  rapidly  at  a  temperature  of  about 
250  deg.  C,     While  Moissan  and  others  claim 
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the  existence  of  compounds  like  LaH3,  and 
CeH3,  other  investigators  believe  that  we  have 
in  these  cases  solid  solutions  of  hydrogen  in 
the  metals.  Smith14  classifies  the  combina- 
tions between  hydrogen  and  metals  into  three 
classes: 

Compounds  Class  1 .  Hydrogen  acts  as  a 
base,  e.g.,  H3Sb,  H3As,  etc. 

Compounds  Class  2.  Hydrogen  acts  as  an 
acid,  e.g.,  CaH2,  NaH,  etc. 

Class  3.  Sorption  compounds,  e.g.,  pal- 
ladium hydride,  solutions  of  hydrogen  in 
copper,  etc. 

With  regard  to  a  number  of  metals,  the 
exact  nature  of  the  reaction  with  hydrogen 
seems  very  doubtful.  Of  the  metals  of  the 
rare  earth  group,  thorium,  neodymium, 
praesodymium,  and  samarium  appear  to 
absorb  measurable  quantities  of  hydrogen, 
and  Smith  assigns  these  to  Class  3,  while  other 
investigators  assume  the  actual  formation  of 
hydrides.  Uranium  absorbs  hydrogen  to  a 
slight  extent,  while  tungsten,  molybdenum, 
and  iridium  absorb  little  or  none  at  all. 

The  writer  had  occasion  some  time  ago 
to  try  some  experiments  on  the  adsorption  of 
hydrogen  by  films  of  tungsten  and  iron 
deposited  in  vacuo  on  glass.  In  neither  case 
could  any  clean  up  of  hydrogen  be  deter- 
mined. On  the  other  hand,  Heald15  has 
observed  that  films  obtained  by  cathodic 
spluttering  (with  high  voltage)  of  cadmium, 
silver,  and  steel  showed  marked  sorption 
of  hydrogen. 

On  the  whole,  it  can  be  stated  in  the  light 
of  the  present  information  that  while  a 
number  of  metals  take  up  hydrogen  to  a 
larger  or  smaller  extent,  palladium  and 
platinum  black  are  the  only  metals  which  are 
known  with  certainty  to  clean  up  sufficient 
gas  to  make  them  of  value  in  vacuum  work. 

Still  less  is  known  of  the  behavior  of  other 
gases  with  respect  to  metals.  We  know  that 
some  metals,  like  those  of  the  alkali  and 
alkaline  earth  group,  also  thorium,  form 
nitrides  on  heating  them  in  contact  with 
nitrogen,  but  there  are  very  few  published 
data  on  which  to  base  any  conclusion  as  to 
whether  such  reactions  can  be  used  in  clean- 
ing up  nitrogen  gas  in  vacuum  work. 

An  interesting  method  for  removing  resid- 
ual gases  based  on  the  reaction  between  these 
gases  and  thorium  (or  zirconium)  at  higher 
temperatures  has  been  suggested  by  Dr.  W.  D. 
Coolidge.16    "The  use  of  the  metals,  calcium, 

"Journ.  Physical  Chem.  23,  1S6  (1919). 

'sphys.  Rev.  2J,.  269  (1907). 

"Patent  No.  1.  323,  836.  Dec.  2.  1919. 


magnesium,  sodium,  and  potassium,"  he 
states,  "has  been  suggested  for  the  chemical 
removal  of  (residual)  gases.  However,  the 
high  vapor  pressures  of  these  metals  offers  a 
serious  drawback  to  their  use  for  all  purposes 
and  particularly  for  certain  types  of  electrical, 
apparatus,  having  a  very  high  vacuum. 
However,  the  metals  of  the  rare  earth  group, 
having  a  low  vapor  pressure,  particularly 
thorium  and  zirconium,  are  peculiarly  well 
suited  for  the  removal  of  gases  capable  of 
chemical  combination,  such  as  oxygen,  nitro- 
gen, hydrogen,  water  vapor,  the  oxides  of 
carbon,  and  the  like.  These  metals  form  by 
combination  with  these  gases  chemically  sta- 
ble compounds  of  low  vapor  pressure." 

Coolidge  uses  the  metal  in  the  form  of  a 
very  fine  powder.  After  having  first  exhausted 
the  tube  or  bulb  in  the  usual  manner  (and 
after  all  metal  parts  have  been  heated  to  a 
high  temperature)  dry  air  or  nitrogen  is 
admitted  and  powder  introduced  from  a  side 
tube.  The  bulb  is  then  re-evacuated,  sealed 
off  the  pump,  and  the  glass  heated  at  the 
point  where  the  powder  is  situated.  "The 
metal  will  be  observed  to  glow  as  a  reaction 
takes  place  and  the  result  is  a  vacuum  so  high 
that  no  gas  ionization  effects  can  be  observed 
when  an  electron  current  is  transmitted" 
(as  in  a  hot  cathode  device). 

In  a  similar  manner,  Mr.  H .  Huthsteiner  and 
the  writer  have  observed  that  a  clean  copper 
filament  treated  in  oxygen  at  low  pressure 
will  clean  up  the  gas  very  rapidly  and  in 
large  amounts.  Apparently  the  oxygen  is 
able  to  diffuse  into  the  metal  and  thus  con- 
verts it  gradually  into  Cu20.  On  the  other 
hand,  some  recent  experiments  by  Mr.  C.  A. 
Kidner  and  the  writer  have  shown  that  a 
freshly  formed  calcium  film  obtained  by 
volatilizing  the  metal  in  vacuo  does  not 
absorb  either  oxygen  or  hydrogen,  reactions 
which  one  would  naturally  assume  ought  to 
occur  very  rapidly. 

The  investigations  of  Langmuir  on  the 
clean  up  of  gases  by  volatilizing  tungsten  and 
molybdenum  filaments  and  of  Soddy  on  the 
clean  up  of  gases  by  volatilizing  calcium 
(barium,  or  strontium)  have  yielded  impor- 
tant results.  In  view,  however,  of  the  radi- 
callv  different  nature  of  the  reactions  studied, 
the  discussion  of  these  must  be  deferred  to  a 
subsequent  section. 

Adsorption  ot  Water  Vapor 

The  problem  of  completely  removing 
absorbed  or  dissolved  water  vapor  from  the 
walls   of   glass   vessels   is   one   of    the   most 
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important  in  vacuum  work.  The  adsorption 
of  water  vapor  by  glass  surfaces  has  there- 
fore been  studied  by  a  large  number  of 
investigators.  Closely  allied  with  this  is  the 
problem  as  to  the  amounts  of  water  vapor  and 
other  gases  which  are  evolved  from  glass 
vessels  under  definite  temperature  conditions. 
In  one  of  the  first  investigations  on  this 
subject,17  Bunsen  observed  that  even  at  very 
high  temperatures  (500  deg.  C.)  silicates 
(chemically  analogous  to  glass)  retain  appreci- 
able amounts  of  water  vapor.  The  total 
amount  of  water  liberated  from  2.11  sq. 
meters  of  glass  surface  which  had  previously 
been  dried  thoroughly  at  20  deg.  C.  was  22.3 
mgm.  "Warburg  and  Ihmori18  found  that 
measurable  amounts  of  water  vapor  were 
condensed  upon  the  surface  of  freshly  blown 
glass  bulbs  and  of  bulbs  which  had  not  been 
thoroughly  washed.  After  washing  or  boiling 
these  glass  surfaces  and  then  thoroughly 
drying,  no  adsorption  of  water  vapor  could 
be  detected."19  L.  J.  Briggs  measured  the 
sorption  of  water  vapor  by  quartz  powder. 
Fifty  grams  were  used  having  a  superficial 
area  of  2.0  sq.  meters.  The  amounts  taken 
up  at  different  pressures  of  water  vapor  at 
30  deg.  C,  were  as  follows: 


VAPOR 

WATER   ADSORBED* 

Press,  mm. 

Hg. 

mgm. 

26.1 

9.0 

19.6 

4.6 

0.2 

0.5 

10.7 

2.9 

31.4 

26.7 

♦Average  of  two  or  more  experiments. 

The  last  two  values  were  obtained  with  sam- 
ples which  had  previously  been  dried  to  con- 
stant weight  at  lid  deg.  C. 

The  sorption  of  water  vapor  by  charcoal  has 
recentlv  been  investigated  by  H.  H.  Lowrv 
and  G'  A.  Hulett.20  At  a  pressure  of  23.4 
mm.  and  29.9  deg.  C,  as  much  as  783.1  mgm. 
of  water  were  taken  up  per  gm.  of  charcoal 
(estimated  area  of  surface,  300  sq.  meters), 
corresponding  to  2.6  mgm.  per  sq.  meter. 
They  conclude  that  "water  vapor  is  not 
adsorbed,  but  is  held  by  capillary  action." 

>;W.ed.  Ann.  SO.  545  (18S3);  Si.  321  (1885). 

»Wied.  Ann.  ST.  481  (1886). 

IBQuoted  from  the  paper  by  F.  J.  Briggs,  Journ.  Physical  Chem. 
9.  617  (1905).  on  the  "Adsorption  of  Water  Vapor  by  Quartz." 

*>J.  Am.  Chem.  Soc.  it,  1402  (1920). 

"Proc.  Amsterdam  Acad.  IS.  445  (1912).  The  abstract  is 
quoted  from  Langmuir's  paper.  J.  Am.  Chem.  Soc.  SS.  22S3. 
(1916). 

"JourniTranklin  Inst.  ISo.  29  (1918). 

"Wied.  Ann.  SI.  1006  (1887 


The  sorption  of  water  vapor  by  pulverized 
synthetic  quartz  and  anorthite  has  been 
studied  by  J.  R.  Katz.21  "The  amount  of 
water  taken  up  reaches  a  fairly  definite  limit 
when  the  vapor  pressure  of  the  water  is 
about  0.7  of  the  saturated  vapor.  The  quanti- 
ties of  water  adsorbed  per  sq.  cm.  of  surface 
under  these  conditions  were  1.3  X  10~6  gm. 
for  quartz  and  6.2  X10-6  gm.  for  anorthite. 
These  correspond  to  layers  of  water  13  and 
204  molecules  deep,  respectively." 

The  result  obtained  by  Briggs  for  the 
amount  taken  up  by  quartz  at  31.4  mm.  pres- 
sure corresponds  to  a  film  2.66  X 10-6  cm. 
thick  or  about  50  molecules  deep. 

Similar  results  have  been  obtained,  as  will 
be  mentioned  below,  by  Langmuir  in  study- 
ing the  gases  evolved  from  glass  bulbs.  There 
is  no  doubt,  however,  that  in  all  those  cases, 
where  apparently  the  layer  of  adsorbed  gas  is 
more  than  one  or  two  molecules  in  thickness, 
we  are  not  dealing  with  a  true  adsorption 
phenomenon.  According  to  Langmuir,  the 
sorption  by  glass  is  to  be  regarded  as  a  proc- 
ess of  solution  of  the  water  in  the  glass,  in 
much  the  same  manner  as  we  know  is  the  case 
in  the  absorption  of  moisture  by  sodium 
silicate  and  gels.  It  is  also  quite  possible 
that  in  the  case  of  powders  the  moisture  may 
be  actually  condensed  as  a  liquid  in  fine  capil- 
lary spaces  between  thegrains.  Ban  croft22  men- 
tions a  number  of  cases  in  which  very  fine 
powders  apparently  have  appreciable  films  of 
air  or  other  gases  surrounding  each  small 
particle.  Thus  a  liter  of  carbon  black  may 
contain  2.5  liters  of  air,  and  it  has  been 
observed  that  "a  rock  powder  which  would 
pass  through  a  200-mesh  sieve  surged  like  a 
liquid." 

The  presence  of  such  relatively  large 
amounts  of  water  vapor  on  glass  surfaces  and 
even  metal  surfaces  (as  observed  by  Ihmori23) 
means,  however,  that  in  experimenting  at 
very  low  pressures  special  care  must  be 
taken  to  remove  the  water  vapor  by  heating 
all  parts  to  high  temperatures  with  simulta- 
neous absorption  of  the  vapor  in  a  liquid  air 
trap  or  P205  tube. 

Gases  and  Vapors  Evolved  from  Glass  and  Metals 
at  Very  Low  Pressures 

While  the  study  of  sorption  phenomena  is 
of  interest  from  the  point  of  view  of  clean-up 
methods,  the  problem  as  to  the  nature  and 
amounts  of  residual  gases  evolved  in  vacuum 
devices  from  the  glass  walls  and  metal  parts, 
is  also  of  extreme  importance  in  vacuum 
technique. 
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The  evolution  of  gas  from  the  walls  of 
bulbs  such  as  are  used  for  incandescent  lamps 
has  been  investigated  by  Dr.  I.  Langmuir.24 
"On  heating  bulbs  of  40-watt  lamps  for  three 
hours  to  a  temperature  of  200  deg.  C,  after 
having  dried  out  the  bulbs  at  room  temper- 
ature for  24  hours  by  exposure  in  a  good 
vacuum  to  a  tube  immersed  in  liquid  air,  the 
following  average  quantities  of  gas  were  given 
off: 

200  cu.  mm.  water  vapor 
5  cu.  mm.  carbon  dioxide 
2  cu.  mm.  nitrogen. 

"These  are  the  quantities  of  gas,  liberated 
by  the  heating,  expressed  in  cubic  milli- 
meters at  room  temperature  and  atmospheric 
pressure. 

"By  raising  the  temperature  of  the  bulbs 
from  200  deg.  to  350  deg.  C.  an  additional 
quantity  of  water  vapor  was  obtained,  so  that 
the  total  now  became 

300  cu.  mm.  water  vapor 
20  cu.  mm.  carbon  dioxide 
4  cu.  mm.  nitrogen. 

"A  subsequent  heating  of  the  bulbs  to 
500  deg.  C.  caused  the  total  amount  of  gas 
evolved  to  increase  to 

450  cu.  mm.  water  vapor 
30  cu.  mm.  carbon  dioxide 
5  cu.  mm.  nitrogen. 

"At  each  temperature  the  gas  stopped 
coming  off  the  glass  after  a  half  hour  of 
heating,  only  to  begin  again  whenever  the 
temperature  was  raised  to  a  higher  value  than 
that  to  which  the  bulb  had  been  previously 
heated. 

"It  therefore  seems  that  even  by  heating 
the  bulb  to  500  deg.,  not  all  of  the  water 
vapor  can  be  removed,  but  it  does  seem 
probable  that  after  this  treatment  the  amount 
of  water  vapor  that  can  come  off  a  bulb  at 
ordinary  temperatures  must  be  extremely 
small. 

"The  internal  surface  of  this  bulb  was 
about  200  sq.  cm.  The  number  of  molecules 
of  gas  given  off  per  sq.  cm.  was  thus  56X1015 
molecules  of  H20;  37X1015  molecules  of 
C02,  and  0.6X1016  molecules  of  N2.  If  we 
calculate  the  number  of  molecules  of  each 
of  the  gases  necessary  to  cover  a  sq.  cm. 
one  molecule  deep  (taking  the  molecules  to  be 
cubical  in  shape)  we  find  1.0  X  1015  for  H20; 

"Trans.  Am.  Inst.  Elec.  Eng.  S2.  1921  (1913).  and  J.  Am. 
Chem.  Soc.  SS,  2283  (1916). 

»J.  Am.  Chem.  Soc.  40.  1387  (1918). 
"Patent  No.  1.  273.  629.  July  23.  1918. 


0.77  X1015  for  C02,  and  0.67  X1015  for  N,. 
Thus  the  quantities  of  gas  obtained  from  this 
bulb  correspond  to:  a  layer  of  water  55 
molecules  deep,  a  layer  of  carbon  dioxide 
4.8  molecules  deep  and  a  layer  of  nitrogen 
0.9  molecules  deep." 

On  the  other  hand,  Langmuir  has  observed24 
that  glass  surfaces  previously  heated  to  the 
softening  point  and  then  heated  in  vacuo 
gave  off  only  0.18  cu.  mm.  of  water  vapor 
(4.5  X1015  molecules);  0.032  cu.  mm.  of 
carbon  dioxide  (0.81  X1015  molecules);  and 
0.025  cu.  mm.  of  nitrogen  (0.63  X 1016 
molecules).  "These  amounts  correspond  to 
the  following  number  of  layers  of  molecules: 
4.5  for  water  vapor,  1.05  for  carbon  dioxide, 
and  0.9  for  nitrogen.  It  should  be  noted  that 
the  amounts  of  carbon  dioxide  and  nitrogen 
correspond  to  unimolecular  layers  of  these 
gases." 

Some  very  interesting  experiments  on 
determining  the  optimum  conditions  for 
evolution  of  water  vapor  from  glass  were 
carried  out  some  time  ago  by  Langmuir.  It 
was  observed  that  certain  lamps  made  of 
sodium  magnesium  borosilicate  glass  (G-702- 
P)  and  consisting  of  high  wattage  filaments 
in  very  small  bulbs  blackened  very  rapidly  if 
they  were  baked  out  at  550-600  deg.  C. 
during  exhaust,  while  lamps  baked  out  at 
400-500  deg.  C.  did  not  blacken  so  rapidly. 
The  effect  was  ascribed  to  water  vapor 
evolved  from  the  glass  during  the  life  of  the 
lamp  and  experiments  were  therefore  under- 
taken to  try  to  remedy  this  condition. 

The  following  description  of  the  experi- 
ments is  taken  from  Langmuir's  patent 
specifications:26 

"Three  lots  of  lamps  were  made  with  the 
same  structural  details  and  operating  char- 
acteristics; the  first  lot  was  exhausted  at 
approximately  450  deg.  C,  the  second  lot  at 
550  deg.  C,  and  the  third  lot  at  550  deg.  C,  at 
first  and  then  at  400  deg.  C.  The  average 
life  of  the  first  lot  was  approximately  575 
hours,  of  the  second  lot  300  hours,  and  of 
the  third  lot  over  900  hours,  the  conditions 
of  operation  with  all  three  lots  being  the 
same." 

Langmuir's  explanation  of  this  result  is  as 
follows:  "Apparently  the  treatment  at  400 
to  500  deg.  C.  liberates  the  water  vapor  only 
from  a  comparatively  thin  surface  layer  of  the 
glass.  If,  however,  the  exhaust  is  con- 
tinued at  400  to  500  deg.  C,  no  more  water 
vapor  will  be  drawn  out  of  the  deeper  layers, 
and  that  which  remains  in  the  surface  layer 
will  be  liberated." 
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The  main  conclusion  arrived  at  by  Lang- 
muir  is  that  in  order  to  remove  water  vapor 
efficiently  from  the  walls  of  glass  vessels, 
the  heating  during  exhaust  should  be  carried 
out  in  two  or  more  stages  of  gradually  decreas- 
ing temperatures.     He  finds  that  one  half- 


0      100    ZOO    300    400   500    600 
Deqrees-C. 

Fig.  62.      Evolution  of  Gas  from 
Corning  G-702-P  Glass 

hour  treatment  at  each  of  the  above  tem- 
perature ranges  is  sufficient,  and  makes  the 
interesting  observation,  which  is  in  accord 
with  that  made  by  Sherwood  (see  below),  that 
while  the  gas  evolution  at  temperatures 
below  500  deg.  C.  practically  ceases  at  the 
end  of  one  half  hour,  the  evolution  of  water 
vapor  at  higher  temperatures  continues  indefi- 
nitely no  matter  how  long  the  heating  period. 


An  extensive  series  of  investigations  on  the 
gases  and  vapors  evolved  from  glass  has 
been  carried  out  at  the  Wcstinghouse  Re- 
search Laboratory  by  R.  G.  Sherwood27  and 
J.  E.  Shrader.28 

Sherwood  measured  the  amounts  of  water 
vapor,  carbon  dioxide,  and  gases  non-con- 
densible  in  liquid  air,  liberated  from  dif- 
ferent kinds  of  glass  at  various  temperatures. 
Fig.  62  shows  the  results  obtained  with  Corn- 
ing G-702-P  glass.  This  is  a  high  melting- 
point  glass  which  is  used  extensively  in  the 
manufacture  of  the  gas-filled  type  of  incan- 
descent lamp.  The  samples  of  glass  used  in 
these  measurements  had  a  total  area  of  about 
350  sq.  cm.,  and  the  curves  show  the  amounts 
of  gas  liberated  at  different  temperatures. 
The  period  of  heating  at  each  temperature 
was  three  hours.  Figs.  63  and  64  show 
similar  data  with  samples  of  soda  glass, 
and  lead  glass  respectively.  It  will  be 
observed  that  in  all  cases  the  gas  evolution 
first  reaches  a  maximum  which  is  at  about 
300  deg.  C.  for  G-702  P.  150  deg.  C.  for  soda 
glass,  and  200  deg.  C.  for  lead  glass,  then 
decreases,  and  again  rises  rapidly  at  a  tem- 
perature which  is  above  the  softening  point 
of  the  glass.  Sherwood  concludes  that  the 
products  removed  below  300  deg.  C.  are 
adsorbed  gases,  while  at  higher  temperatures 
there  is  an  actual  decomposition  of  the  glass 
itself.  In  other  experiments,  it  was  observed 
that    at    the    higher    temperatures    the    gas 
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Fig.  63.     Evolution  of  Gas  from 
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Apparently  the  glass  actually  suffers  a  chemi 
cal  decomposition  at  higher  temperatures. 

"J.  Am.  Chem.  Soc.  1,0.  1645  (1918). 

Phys.  Rev.  12.  44S  (1918). 
»Phys.  Rev.  IS,  -i'.'A  (1919). 
See  also  abstract   of  a  paper  by   L'lrey.   Phys.    Rev.  14,  160 
(1919),  which  discusses  the  same  subject. 


evolution  continued  even  after  the  samples 
were  heated  for  24  hours  and  over.  By 
previously  annealing  the  glass  at  very  high 
temperatures,  the  subsequent  gas  evolution  in 
vacuo  was  decreased  considerably,  a  result 
which  is  in  accord  with  certain  observations 
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made  by  Langmuir  and  mentioned  before. 
Similar  results  have  been  obtained  in  this 
laboratory  by  Mrs.  M.  Andrews  and  Mr.  J. 
Pangburn  in  investigating  the  gases  evolved 
from  lamp  bulbs.  Analysing  Sherwood's  data, 
we  find  that,  for  instance,  in  the  case  of  soda 
glass,  the  total  gas  evolved  up  to  200  deg.  C. 
was  about  50  cu.  mm.,  or  about  0.15  cu.  mm. 
per  cm.2,  most  of  which  was  H20;  this  would 
correspond  to  a  layer  of  gas  about  four  mole- 
cules deep.  Sherwood  concludes  that  the  gases 
which  are  removed  fairly  rapidly  at  lower  tem- 
perature are  genuine  adsorption  products, 
as  they  correspond  to  quantities  which  are 
represented  by  a  layer  of  gas  which  does  not 
exceed  one  or  two  molecules  in  thickness. 
As  the  temperature  of  the  glass  is  raised  to 
the  softening  point,  the  gas  evolved  consists 
practically  wholly  of  H20  and  undoubtedly 
this  arises,  as  mentioned  above,  from  the 
chemical   decomposition  of  the  glass. 

Some  interesting  measurements  were  car- 
ried out  by  Sherwood  on  the  adsorption  of 
water  vapor  and  other  gases  by  dry  surfaces 
of  glass.  Dry  air  could  be  removed  very 
rapidly  at  ordinary  temperature,  while  in 
the  case  of  either  moist  air  or  air  mixed  with 
C02,  the  rate  of  leakage  at  ordinary  temper- 
ature was  very  slow.  However,  on  heating 
to  a  high  temperature  practically  all  this 
adsorbed  gas  could  be  removed  in  a  few 
minutes.  It  is  interesting  to  observe  that  in 
one  experiment,  after  a  pressure  of  about 
10-4  mm.  H20  had  been  reached  by  exhaust- 
ing, the  bulb  (of  about  9000  cm.3  capacity) 
was  sealed  off  and  after  standing  ten  hours 
the  pressure  rose  to  0.0095  mm.  owing  to  the 
gas  leakage  from  the  walls,  but  did  not 
materially  increase  subsequently.  This  gas 
could  not  be  condensed  in  liquid  air,  thus 
showing  that  it  was  adsorbed  air.  The 
writer's  experience  has  shown  that  invariably 
there  is  a  slight  increase  in  pressure  after 
sealing  off  the  pump.  Part  of  this  increase 
is  due  to  gases  adsorbed  on  the  glass  near  the 
constriction  which  is  heated  to  a  high  tem- 
perature during  sealing  off,  and  a  portion  is 
due  to  gradual  leakage  from  the  walls.  Even 
with  the  utmost  precautions  in  baking  out 
at  high  temperature  and  low  exhaust  pressure, 
there  is  always  a  slight  increase  in  pressure  in 
the  sealed  off  device.29 

In  an  investigation  on  the  minimum  pres- 
sure attainable  with  a  Gaede  rotary  pump, 
the  writer  observed30   that  unless   care  was 
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"See  Shrader,  loc.  cit. 
*>Phvs.  Rev..  5.  212  (19151. 

"Trans.  Am.  Inst.  Elect.  Eng.  Si,  1921  (1913).    Se< 
im.  Chem    Soc.  35,  105  (1912)  for  method  of  analys 


taken  to  heat  up  the  tubing  connecting  the 
gage  to  the  pumrj  it  was  impossible  to  get 
below  about  0.033  bars,  because  of  the  slow 
evolution  of  water  vapor  at  ordinary  tem- 
perature. When  however  the  tubing  was 
baked  out  at  330  deg.  C,  the  pressure  could 
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Fig.  65.      Increase  in  Pressure  in 
Sealed  Bulb  After  Reheating 

be  reduced  to  0.0007  bars.  Similar  results 
have  been  reported  by  Shrader.  The  volume 
of  the  system  exhausted  in  his  experiments 
was  about  2  liters.  The  effect  of  heat  treat- 
ment on  the  vacuum  obtainable  after  pump- 
ing until  equilibrium  was  reached  at  that 
temperature  is  shown  by  the  following  results : 
Temperature 

20  100  200  300  500 

Press,  in  mm. 
1X10'5     1.9X10"6     1.7X10"'    1.2X10"7    2.4X10-" 

Shrader  also  observed  that  not  only  does 
the  vacuum  in  sealed  vessels  gradually  deteri- 
orate with  time,  at  first  rapidly  and  then  more 
slowly,  but  also  that  "subsequent  heating 
even  at  temperatures  lower  than  the  heat- 
treating  temperature  (on  the -pump)  results 
in  increase  of  pressure  due  to  further  libera- 
tion of  gases  and  vapors  from  the  glass." 
Fig.  65  shows  the  effect  of  heating  a  sealed- 
off  svstem  consisting  of  a  1500  cm.3  bulb  and 
gauge  of  500  cm.3  capacity  for  one  hour  at 
increasing  successive  temperatures.  In  each 
case  the  bulbs  had  previously  been  heated  at 
500  deg.  C.  on  the  pump. 

With  regard  to  gases  evolved  from  metals 
heated  in  vacuo,  the  prevailing  opinion  has 
been  that  very  large  quantities  are  evolved. 
It  has  been  shown  however  by  Langmuir31 
that  when  care  is  taken  to  remove  water 
vapor  and  carbon  dioxide  from  the  glass  walls, 
the  amount  of  gas  actually  liberated  from  a 
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tungsten  filament  is  not  more  than  three 
to  ten  times  the  volume  of  the  wire.  Most 
of  the  gas  is  eliminated  by  heating  the  wire 
to  1500  deg.  C.  It  consists  of  about  70  to  80 
per  cent  CO,  the  remainder  being  mostly  H2 
and  C02.  "The  total  amount  of  gas  evolved 
from  the  filament  of  a  40-watt  lamp,  if 
liberated  in  the  lamp  after  sealing  off,  would 
produce  a  pressure  of  from  0.006  to  0.02 
mm."  Langmuir  has  also  observed  that  the 
total  volume  of  hydrogen  and  carbon  mon- 
oxide obtained  from  a  platinum  wire  heated 
to  350  deg.  C.  is  only  about  one-tenth  of  the 
volume  of  the  platinum. 

The  following  data  on  the  amounts  and 
composition  of  gases  evolved  from  different 
metals  heated  in  vacuo  were  kindly  supplied 
the  writer  by  Mr.  S.  P.  Sweetser  of  this  labora- 
tory. The  experimental  method  used  was  that 
developed  by  Langmuir  for  the  above  men- 
tioned measurements  on  tungsten  and  plati- 
num. The  metal  in  the  form  of  a  filament 
about  0.05  to  0.06  cm.  diameter  and  15  cm. 
long  was  heated  to  a  bright  red  heat,  and  the 
heating  continued  until  the  rate  of  evolution 
of  gas  had  decreased  to  a  very  low  value. 

Different  samples  of  "untreated"  nickel 
wire  gave  off  amounts  of  gas  varying  from  5 
to  15  cu.  mm.  of  gas,  consisting  of  about  75 
to  90  per  cent  CO,  and  20  to  10  per  cent  C02, 
with  small  amounts  of  H2. 

Similarly  wires  of  monel  metal,  copper, 
and  copper  coated  nickel-iron  wire  ("dumet" 
wire  used  in  making  lead-in-wires  in  lime- 
glass  and  lead-glass  incandescent  lamp  bulbs) 
gave  amounts  of  gas  varying  from  3  to  20 
cu.  mm.  of  gas.  The  composition  of  the  gas 
was  approximately  the  same  as  that  evolved 
from  the  nickel  wires. 

An  investigation  of  the  composition  of  the 
gas  evolved  from  the  copper  anodes  used  in 
the  radiator-type  of  Coolidge  X-ray  tube 
gave  the  following  average  results: 

CO* 7  per  cent 

CO.  .  02  per  cent 

Nj-t-H2.  1  per  cent 

It  will  be  observed  that  in  the  experi- 
ments with  wires,  the  total  volume  of  metal 
used  was  about  0.03  cm.3  or  30  cu.  mm.,  and 
only  in  exceptional  cases  did  the  volume  of  gas 

■J.  Am.  Chem.  Soc.  1,0,  1656  (1918). 
"J.  FranVlin  Inst.  187.  508  (1919) 


evolved  on  heating  the  metal  exceed  the 
volume  of  the  filament. 

Lead-in  wires  and  supports  which  cannot 
be  heated  by  passing  current  through  them 
or  by  electronic  bombardment  (in  the  case  of 
hot  cathode  devices)  gradually  evolve  gases 
which  cause  progressive  deterioration  of  the 
vacuum  in  sealed-off  vessels,  so  that  it  is 
necessary  in  such  cases  either  to  give  all  the 
metal  parts  that  can  be  heated  during  the 
exhaust  a  much  more  severe  heating  than 
they  will  be  subjected  to  subsequently,  and 
thus  heat  the  other  parts  by  radiation  or  else 
to  provide  some  substance  which  will  clean 
up  residual  gases  during  life. 

From  the  above  date  it  is  evident  that  the 
gases  gradually  evolved  from  imperfectly 
evacuated  metal  parts  must  cause  fairly 
appreciable  changes  in  pressure  in  sealed-off 
vessels.  Thus,  let  us  consider  a  3000  cm3 
(7-inch  diameter)  bulb  exhausted  to  a  pres- 
sure of  0.01  bar.  If  this  bulb  contains  a  metal 
filament  of  the  size  used  in  the  above  deter- 
minations (a  not  unusual  case),  which  has 
not  been  heated  on  the  pump,  the  amount  of 
gas  evolved  on  subsequent  heating,  assuming 
it  to  be  10  cu.  mm.,  will  increase  the  pressure 
in  the  bulb  to  about  3.4  bars.  Such  a  pres- 
sure would  absolutely  ruin  the  device  for  any 
electron  emission  phenomena,  and  in  order 
to  keep  the  pressure  below  0.1  bar,  the 
residual  gas  in  the  filament  would  have  to  be 
less  than  0.3  cu.  mm.;  that  is,  over  97  per 
cent  of  the  total  gas  contained  in  the  fila- 
ment would  have  to  be  eliminated  on  the 
pump. 

A  modification  of  Langmuir's  method  of 
analysis  of  small  quantities  of  gas  has  also 
been  described  more  recentlv  in  detail  by 
H.  M.  Ryder.32  The  latter  has  determined 
by  this  method  the  composition  of  the  gases 
eliminated  from  untreated,  commercial  cop- 
per heated  in  vacuo.33  The  gases  evolved,  in 
order  of  decreasing  amounts,  were  CO2  CO, 
H20  and  N2.  The  total  volume  from  a  sample 
weighing  5  gm.  and  having  a  volume  of  1.31 
cm3  was  over  200  cu.  mm.  On  heating  to 
750  deg.  C.  and  higher,  large  amounts  of  Os 
were  evolved,  probably  due  to  decomposition 
of  Cu20  contained  in  the  copper.  Here  also, 
the  volume  of  gas  evolved  was  much  less  than 
that  of  the  metal. 
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DISCUSSION  OF  D.  W.  ROPER'S  A.I.E.E.  PAPER 

By  E.  E.  F.  Creighton 
General  Engineering  Laboratory,  General  Electric  Company 

In  our  December,  1920,  issue  we  published  a  comprehensive  abstract  of  Mr.  Roper's  A.I.E.E.  paper  and 
also  discussions  by  Messrs.  Steinmetz,  Hayden  and  Goodwin.  Mr.  Roper  presents  such  a  wealth  of  information 
on  lightning  arrester  performance,  and  he  has  so  ably  brought  order  out  of  chaos  in  his  interpretation  of  the 
mass  of  data,  that  his  paper  has  attracted  wide  attention  and  much  discussion.  Mr.  Creighton  has  made  a 
thorough  study  of  the  paper  and  his  comments  will  be  read  with  much  interest  because  of  his  recognized 
ability  as  an  investigator  and  designer  of  lightning  arrester  equipment. — Editor. 


When  we  come  to  a  mass  of  useful  data  of 
the  magnitude  of  that  which  Mr.  Roper  has 
presented  it  becomes  a  matter  for  careful 
study  and  thought  for  days.  Speaking  from 
nearly  two  decades  of  interest  in  the  develop- 
ment of  protective  apparatus,  I  know  of  no 
other  example  of  such  labor  expended  in 
gathering  valuable  operating  data  and  corre- 
lating it  in  a  form  to  give  useful  conclusions. 
The  process  of  collecting  these  data  implies, 
in  itself,  a  high  degree  of  organization  in  the 
operation  of  this  department  of  the  Common- 
wealth Edison  Company. 

Arresters  £  and  F  have  iden- 
O  ,       tical  diagrams  and  differ  princi- 

O  ^     pally  in  mechanical  details,  the 

O  ^     amount    of    resistance    and   the 

Q     length  of  the  resistance  rod. 


Diagram  G  shows  a  type 
which  was  installed  in  1920. 

Diagram  H  represents  the 
neutral  300-volt  arrester  in- 
stalled on  the  neutral.      . 


Fig.  2.      (Roper's  Paper)      Electrical  Diagrams  of  the 
Lightning  Arresters  Used  in  These  Investigations 


The    gaps   are 
■hape  of  the  gaps  i 


conventional   and  do  not  shov 
i  all  of  the  arresters. 


There  is  much  that  could  be  said  on  many 
of  the  points  brought  out  by  the  correlated 
data.  A  number  of  these  points  may  be  more 
profitably  discussed  by  those  whose  experi- 
ences come  nearer  to  distribution  practice 
than   mine.     The  operating  engineers,   even 


if  they  do  not  favor  us  with  their  comments, 
must  answer  to  themselves  the  question: 
How  do  these  data  and  results  bear  on  my  own 
problems  of  protection?  Time  limits  my  dis- 
cussion to  one  or  two  phases  of  the  subject. 
These  phases  may  be  found  in  the  answer  to 
the  question:  What  value  are  these  data  to 
an  engineer  occupied  in  research  and  in  the 
development  of  lightning  arresters? 

My  first  comments  relate  to  the  inter- 
pretation of  data.  Fig.  12  is  a  shot-gun 
diagram  of  the  data  in  which  the  relation 
between  the  number  of  arresters  per  square 
mile  as  abscissas  is  compared  to  the  percent- 
age of  transformer  burnouts  per  year  as 
ordinates.  Mr.  Roper  has  pointed  out  the 
efforts  to  make  these  data  comparative. 
There  are  many  factors  involved,  some  of 
which  are  the  same,  on  an  average,  in  the 
different  areas;  but  there  are  a  few  factors 
which  not  only  vary  considerably  but  of  which 
the  exact  weight  cannot  be  determined  at 
the  present  time. 

However,  acceptable  methods  are  followed 
which  give,  in  the  final  step  in  Fig.  18,  a  direct 
comparison  of  the  relative  value  of  the  arrest- 
ers in  providing  protection.  Mr.  Roper  has 
shown  in  Fig.  17  an  intermediate  step  (assum- 
ing that  each  type  of  arrester  gives  a  log- 
arithmic curve)  in  comparing  the  density  of 
arresters  to  the  percentage  of  transformers 
burned  out  per  year,  and  has  pointed  out  the 
inconsistencies  of  these  overlapping  curves. 
In  words,  the  logarithmic  curve  says  that  the 
phenomenon  varies  at  any  point  of  the  curve 
in  proportion  to  its  value  at  that  point.  This 
statement  seems  to  give  only  an  approxi- 
mation of  the  truth. 

If  the  matter  is  looked  at  from  the  stand- 
point of  mathematical  law  there  enters  the 
hyperbolic  law  which  is  a  first-cousin  to  the 
parabolic  law.  It  will  be  seen  by  a  statement 
of  this  parabolic  law  that  the  data  have  ele- 
ments very  closely  related.  In  its  simplest 
form,  suppose  one  arrester  in  a  given  territory 
gives  a  certain  number  of  burnouts.     If  two 
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arresters  arc  used  there  are  two  paths  to 
ground  and.  neglecting  all  other  factors  except 
the  resistance,  there  is  half  the  ohmic  resist- 
ance, and  therefore  the  number  of  trans- 
formers burned  out  might  be  somewhat 
proportional      .to      one-half.        When      three 


Fig.  12.      (Roper's  Paper)      Diagram  Showing  for  Each  c 

192  Sections   the    Average   Per    Cent  of  Transformer 

Burn-outs   Due   to   Lightning   for    the    Five-year 

Period  Plotted  Against  the  Density  of  Arresters 


The  curve  shows 
termination  of  the  re 
transformer  burn-outs 
plotted  directly  from 
are  not  of  equal  weigh 


for  all  types  of  arresters  the  final  de- 
lation between  density  of  arresters  and 
due  to  lightning.  The  curve  cannot  be 
the   points   shown   in   the   figure   as  they 


arresters  are  used  the  resistance  is  one-third, 
when  four  are  used  the  resistance  is  one  fourth, 
etc.  These  values  of  one,  one-half,  cne-third, 
one-fourth,  one-fifth  for  the  ordinates,  with 
equal  units  as  the  abscissas,  give  the  familiar 
hyperbola.  It  should  be  noted  that  the 
arresters  are  not  concentrated  at  a  point, 
but  on  the  other  hand  neither  is  the  charge 
that  has  to  be  dissipated  by  the  arrester. 
From  these  general  considerations  I  am  in- 
clined to  think  that  both  the  logarithmic 
and  the  hyperbolic  laws  are  involved  and 
that  the  consideration  of  the  combination  of 
the  two  may  give  a  consistent  curve  for  each 
arrester,  comparable  with  the  others  through- 
out the  entire  length  of  the  curve.  Also 
further  study  of  all  the  elements  involved  in 
each  case  may  give  some  change  in  the  group- 
ing of  points  which  might  clarify  the  shot- 
gun diagram  of  Fig.  12.  Mr.  Roper  has 
already  done  the  most  difficult  part  of  the 
work  in  bringing  order  out  of  chaos.  The 
difficulties  he  met  can  best  be  appreciated 
by  those  who  have  had  to  consider  a  mass  of 
data  which  include  so  many  variables,  known 
and  unknown. 


Turning  next  to  the  question  of  design,  the 
ultimate  aim  in  all  of  this  work  is  to  get,  as 
an  ideal,  one  hundred  per  cent  continuity  of 
service.  While  it  is  not  always  economical 
to  make  such  an  installation,  there  is  still  the 
desirability  of  having  data  which  will  allow 
the  operating  engineer  to  form  a  judgment  as 
to  the  percentage  of  service  he  may  reach 
with  definite  types  of  arresters  and  methods 
of  installing  them.  Furthermore,  from  the 
development  standpoint  it  is  desirable  to 
aim  at  100  per  cent  efficiency  even  if  the 
initial  financial  undertaking  is  impracticable, 
because  as  soon  as  a  thing  becomes  possible 
it  is  usual  that  the  factors  that  make  it 
possible  can  be  adjusted  to  bring  the  cost 
down  to  a  reasonable  value. 

The  designer  familiar  with  the  character- 
istics of  arresters  involved  in  Mr.  Roper's 
data  is  immediately  given  information  on 
the  character  of  the  lightning  discharges.  It 
may  not  be  generally  known  that  it  is  possible 
to  design  arresters  with  as  great  precision  as 
is  attained  by  a  designer  of  motors  and  the 
like.  Laboratory  methods  of  accomplishing 
this  were  developed  years  ago.  It  isn't  a 
lack  of  knowledge  of  the   characteristics  of 
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Fig.  17.      (Roper's  Paper)      Diagram  Showing  the  Firsl 

Approximation  of  the  Relation  Between  the  Density 

of  Arresters  and  the  Percentage  of  Transformers 

Burned  Out  by  Lightning  for  the  Five-year 

Period.  1915-1919  Inclusive 


arresters  that  we  have  to  contend  with  but 
a  lack  of  knowledge  of  the  nature  of  the  dis- 
charges that  are  imposed  upon  them.  I  shall 
make  an  endeavor  to  interpret,  to  the  best 
of  my  ability,  the  bearing  that  Mr.  Roper's 
data  have  on  explaining   the  nature  of  the 
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lightning  discharges.  The  arrester  shown 
in  Fig.  2  over  the  letter  B  is  the  first  one  of 
the  several  types  developed  for  low-voltage 
distribution  circuits.  Although  expense  of 
construction  is  always  an  important  factor  it 
was  considered  of  minor  importance  in  this 
development  as  compared  to  being  able  to 
meet  the  unknown  conditions  of  lightning 
discharges  on  a  distribution  circuit.  One 
known  factor  was  that  the  lightning  discharge 
is  of  short  duration.  It  was  not  known, 
however,  whether  all  lightning  was  of  high 
frequency,  medium  frequency,  or  low  fre- 
quency. We  had  no  way  of  knowing  whether 
it  was  always  of  steep  wave  front  or  of  how 
slanting  wave  front.  We  could  not  tell  whether 
the  quantity  was  relatively  great  or  small, 
which  is  only  another  way  of  stating  that 
we  did  not  know  how  many  miles  of  line  would 
be  charged  to  a  high  potential  by  induction 
from  thunder  clouds. 

We  did  know,  however,  that  the  dielectric 
of  the  transformers  the  arrester  was  designed 
to  protect  was  tested  at  10,000  volts  for  a 
minute  between  primary  and  secondary,  and 
that  there  were  liberal  factors  of  safety  of 
insulation  between  turns  and  between  layers. 
This  gave  the  criterion  of  spark  voltage  of  the 
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Fig.  18.      (Roper's  Paper)      Diagram  Showing  the  Final 

Determination  of  the  Relation  Between  the  Density 

of  Arresters  and  the  Percentage  of  Transformers 

Burned  Out  by  Lightning 

arrester.  The  spark  voltage  should  be  made 
less  than  10,000  volts  if  possible.  On  the 
other  hand,  the  spark  voltage  must  be  above 
the  value  generated  by  accidental  arcing 
grounds  unaccompanied  by  resonance  because 
such  voltages  are  continual  and  will  cause  the 


destruction  of  this  type  of  arrester.  As  to  the 
laboratory  tests,  it  was  required  of  the  arrester 
that  the  equivalent  sphere  gap  on  high  fre- 
quency, medium  frequency,  and  low  fre- 
quency under  small  and  large  quantities  of 
discharge  should  be  kept  within  the  dielectric 
strength  of  the  transformers  so  far  as  they 
were  known  by  test. 

To  make  a  long  story  short,  it  resulted,  in 
the  final  design  of  this  arrester,  in  placing 
three  gaps  in  series  and  arranging  the  electro- 
static conditions  between  gaps  such  as  to  give 
a  voltage  breakdown  of  6400  volts  on  60 
cycles  and  less  voltage  on  high  frequency. 
Tests  were  also  made  with  single  uni-directed 
impulses  and  also  on  direct  current  to  make 
sure  that  no  gradually  accumulated  charge 
would  damage  apparatus  by  not  being  able 
to  spark  over  these  gaps.  It  was  necessary 
in  this  circuit  to  keep  the  series  resistance  very 
high  because  of  the  frequency  of  discharge 
and  the  weakness  of  the  arc-interrupting 
power  of  three  gaps.  A  great  gain,  however, 
was  obtained  by  the  fact  that  the  line  and 
lightning  voltage  had  been  led  three  gaps 
down  the  string  of  gaps.  The  sparks  oscillat- 
ing in  these  gaps  are  good  conductors  of  elec- 
tricity. The  natural  frequency  of  these 
sparks  is  of  the  order  of  a  billion  cycles  per 
second.  I  am  speaking  now  not  of  the  light- 
ning discharge  but  of  a  local  discharge  between 
the  brass  cylinders  which  make  up  the  three 
gaps. 

With  this  tremendously  high  frequency 
and  consequently  short  time  of  operation, 
three  of  the  series  gaps  having  been  bridged 
and  a  small  discharge  started  to  earth,  the 
same  lightning  voltage  may  now  jump  the 
next  three  gaps  with  the  same  ease.  There 
is  here  the  evident  advantage  of  bridging  six 
gaps  by  making  it  in  two  lower  voltage  jumps 
of  three  gaps  each.  The  excess  voltage 
required  to  jump  the  second  group  of  three 
gaps  is  sometimes  as  small  as  200  volts, 
although  it  required  6400  volts  to  spark 
through  the  first  three.  The  ohmic  resist- 
ance of  this  rod  is  not  fixed — it  does  not 
follow  Ohm's  law.  The  resistance  decreases 
as  the  lightning  voltage  increases.  The 
relation  between  voltage  and  resistance  fol- 
lows a  logarithmic  law — at  500  volts  applied 
the  resistance  is  of  the  order  of  100,000  ohms. 

This  brings  the  connection  of  the  line 
through  six  gaps  to  the  low  resistance,  and 
lightning  discharges  too  great  for  the  high 
resistance  find  their  way  to  earth  through 
the  low  resistance  rod  (of  the  order  of  25 
ohms) . 
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In  the  laboratory  development,  not  know- 
ing whether  the  quantity  of  electricity  and 
the  current  of  the  lightning  discharge  would 
give  an  unreasonably  high  voltage  drop  across 
this  low  resistance,  the  assumption  was  made 
that  it  might,  and  a  shunt  path  of  nine  gaps 
was  provided  in  parallel  with  the  low  resist- 
ance to  meet  this  contingency.  In  the  first 
conception  of  this  arrester  three  resistance 
paths  were  laid  out  by  the  inventors,  but  it 
was  found  unnecessary  to  introduce  the 
medium  value  of  resistance. 

Here,  then,  was  an  arrester  with  its  several 
lightning  paths  which  responded  in  the  labora- 
tory satisfactorily  to  high  frequency,  medium 
frequency,  low  frequency,  single  impulse, 
steep  wave  front,  slanting  wave  front,  small 
quantity  of  electricity,  and  large  quantity  of 
electricity. 

In  designing  the  compression  chamber 
arrester  I  had  in  mind  a  more  compact  form 
of  cheaper  construction,  based  fundamen- 
tally on  the  assumption  that  lightning  dis- 
charges were  of  fairly  high  frequency  and  of 
considerable  quantity  of  electricity.  Since 
the  compression  chamber  arrester,  as  then 
designed,  does  not  give  a  degree  of  protection 
equal  to  the  graded  shunt  arrester,  we  must 
conclude  that  there  are  either  or  both  of  the 
following  factors  in  the  induced  lightning  on 
distribution  circuits — -an  occasional  very  heavy 
discharge,  or  an  occasional  single  uni-directed 
impulse  or  a  discharge  of  slanting  wave  front. 
Laboratory  tests  have  shown  that  this  ar- 
rester is  not  equal  to  the  other  in  taking  these 
discharges  but  that  the  antennae  make  the 
compression  chamber  arrester  extremely  sen- 
sitive to  high  frequency  discharges. 

The  conclusions  then  are  that  occasionally 
there  occurs  extremely  high  voltage  induced 
on  the  line  involving  a  -correspondingly  high 
quantity  of  electricity  and  also  that  lightning 
discharges  are  not  always  at  high  frequency. 

At  the  Washington  meeting  of  the  A.I.E.E. 
in  1914,  the  work  of  L.  A.  De  Blois  in 
taking  oscillograms  of  induction  from  clouds 
showed  that  strokes  with  slanting  wave  fronts 
occur  from  time  to  time.  However,  it  was 
impossible  to  infer  from  these  tests  that  there 
were  no  high  frequency  oscillations  super- 
posed on  these  slanting  wave  fronts.  The 
natural  frequency  of  the  oscillograph  is  only 
5000  to  10,000  cycles  per  second  and  there- 
fore the  vibrator  could  not  respond  to  a  higher 
frequency  in  the  clouds  even  if  it  existed. 
By  inference  the  data  that  Mr.  Roper  presents 
indicate  that  such  slanting  wave  fronts  do 
exist  without  the  presence  of  high  frequency. 


One  of  the  characteristics  of  the  distributed 
resistance  arrester  is  its  equivalent  sphere 
gap  under  a  discharge  having  a  frequency  of 
a  million  cycles  per  second.  These  are  shown 
in  curves  in  Fig.  1.  The  abscissas  represent 
the  direct-current  voltage  as  measured  by  the 
sphere  gap  which  starts  the  surge.  The 
ordinates  are  the  equivalent  sphere  gaps 
measured  by  the  gap  setting  in  parallel  with 
the  arrester.  The  curves  are  shown  in  pairs, 
the  lower  curve  of  each  pair  representing  nine 
discharges  over  the  sphere  gap  to  one  over  the 
arrester,  and  the  upper  curve  of  each  pair 
representing  one  discharge  over  the  sphere 
gap  to  nine  over  the  arrester.  The  lower  pair 
of  curves  are  the  equivalent  sphere  gaps  of 
the  arrester  under  normal  conditions  of  con- 
nection. The  upper  pair  of  curves  are  the 
equivalent  sphere  gaps  of  the  fifteen  gaps  in 
series  without  the  use  of  the  resistance  rods. 
Commenting  on  the  normal  equivalent  sphere 
gap  curves,  an  application  of  10  kv.  gives  an 
average  equivalent  sphere  gap  of  10  kv.  and 
the  equivalent  sphere  gap  increases  gradually 
up  to  16  kv.  as  the  applied  potential  increases. 
In  all  this  part  of  the  curve  the  discharge 
passes  over  the  six  series  gaps  and  through 
the  low  resistance  but  does  not  bridge  the 
nine  gaps  in  parallel  with  the  low  resistance 
rod.      However,   for  an   application   of  more 
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DC  Voltoqe  by  Sphere  oap.of  Applied  Lightning 

Fig.  1.      Equivalent  Sphere  Gap  of  Distributed  Resistance 
Arrester  at  a  Frequency  of  One  Million  Cycles 
per  Second 


than  26  kv.  of  lightning  potential  the  spark 
takes  a  parallel  path  through  the  nine  gaps 
and  from  there  on  up  to  an  unlimited  high 
potential  the  equivalent  sphere  gap  remains 
constant  at  16  kv.  Herein  lies  the  funda- 
mental  advantage   of   this   type   of   arrester. 
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namely,  the  automatic  limitation  of  the 
lightning  voltage  of  the  transformer  terminals 
to  a  definite  value  which  is  within  the  dielec- 
tric strength  of  the  modern  transformers. 
All  arresters  with  nine  series  resistances  have 
their    terminal    voltage    gradually    increased 
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proportionally  as  the  severity  of  the  lightning 
discharge  increases. 

Incidentally  it  should  be  noted  that  the 
equivalent  sphere  gap  of  this  arrester  is,  in 
some  cases,  greater  than  the  applied  voltage. 


For  example,  at  10  kv.  applied  the  equivalent 
sphere  gap  is  12.5  kv.  when  one  discharge  in 
ten  is  passing  through  the  sphere  gap.  This 
value,  when  the  resultant  voltage  is  higher 
than  the  impressed  voltage,  may  seem  erro- 
neous, but  it  is  simply  because  the  intrinsic 
conditions  are  not  fully  considered.  The 
impressed  voltage  is  direct  current  and  is 
measured  by  a  sphere  gap.  When  this  dis- 
charge is  turned  into  an  impulse  the  voltage 
may  easily  double.  A  very  simple  illustra- 
tion of  this  condition  is  afforded  by  the  appli- 
cation to  an  electrostatic  condenser  of  two 
volts  from  a  battery  of  low  internal  resistance 
which  will  produce  momentarily  four  volts  at 
the  terminals  of  the  condenser.  The  equiva- 
lent effect  is  obtained  in  these  equivalent 
sphere  gap  tests. 

The  equivalent  sphere  gap  of  the  gaps 
without  resistance  begins  with  an  application 
of  18  kv.  before  they  will  spark.  With  an 
equivalent  sphere  gap  of  24  kv.  the  curves, 
however,  show  the  characteristic  flattening 
down  like  the  saturation  curve  of  transformer 
iron.  Dr.  Steinmetz  gave  the  underlying 
theory  of  the  multigap  arrester  in  a  discussion 
in  1906  at  the  Milwaukee  meeting  of  the 
A.I.E.E. 

What  is  the  answer  and  what  is  the  next 
step?  Naturally  it  is  the  readjustment  of  the 
compression  chamber  arrester  to  respond 
better  to  low  frequency  impulses  and  higher 
lightning  voltage,  which  we  are  now  con- 
vinced exist. 

Another  step  is  the  housing  of  the  dis- 
tributed resistance  arrester  in  a  porcelain 
tube  rather  than  in  a  wooden  box. 

The  laboratory  researches  and  design  work 
on  these  arresters  were  very  active  10  to  16 
years  ago.  These  arresters  were  sufficiently 
satisfactory  to  be  lost  to  consideration  during 
the  great  war  when  new  problems  of  utmost 
importance  were  pressing  for  solution.  I  have 
to  thank  Mr.  Roper  for  reviving  my  interest 
in  this  work  and  furnishing  the  incentive  for 
further  efforts  toward  improvement.  Already 
a  new  factor  has  been  discovered  and  utilized. 
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A  Compilation  of  Named  Effects  and  Laws 

By  L.  C.  Krueger  and  H.  R.  Hosmer 
Research  Laboratory,  General  Electric  Company 

When  consulting  scientific  literature  we  often  see  references  to  certain  laws  and  effects  that  are  usually 
designated  by  the  name  of  the  propounder  or  discoverer.  Unless  we  are  reading  on  a  branch  of  science  in 
which  we  are  specially  proficient,  we  are  apt  to  be  uncertain  as  to  what  phenomenon  is  indicated.  In  this 
compilation  the  authors  have  arranged  in  alphabetical  order  a  convenient  and  useful  list  of  the  named  laws 
and  (fleets  which  are  most  frequently  found  in  scientific  reading. — Editor. 


Abegg's  Rule 

For  use  in  regard  to  a  helical  periodic 
system. 

If  the  maximum  positive  valence  exhibited 
by  an  element  be  numerically  added  to  its 
maximum  negative  valence,  there  is  evidently 
a  tendency  for  the  sum  to  equal  8.  This 
tendency  is  exhibited  especially  by  the 
elements  of  the  4th,  5th,  6th  and  7th  groups 
and  is  known  as  Abegg's  rule. 

Washburn.  Prin.  Phys.  Chem..  p.  397.  1915. 
Abraham  Theory 


M  =  M03\    2B 


1+5 
l-B 


-1 


4  52 

where 

Mo  =  electromagnetic  mass  of    the  negative 

electron  for  infinitely  small  velocities 

M  =  transverse     mass     for    a    velocity    v 

v 

Tr  =  B   where  V  is  the  velocity  of  light. 

Gott.  N'achr..  1902. 
Ampere's  Rule 

To  determine  the  direction  in  which  the 
needle  is  deflected  by  a  conductor  carrying 
a  current  in  a  given  direction. 

Imagine  yourself  swimming  in  the  wire  in 
the  direction  in  which  the  current  is  flowing, 
and  facing  the  magnetic  needle;  then  the 
north  pole  will  be  deflected  toward  your 
left  hand,  the  south  pole  being  deflected  in 
the  opposite  direction. 

Watson.  Gen.  Phys.,  1918.  p.  442. 
Ampere's  Theorem 

The  magnetic  field  due  to  an  electric 
current  flowing  in  any  circuit  is  equivalent 
at  external  points  to  that  due  to  a  simple 
magnetic  shell  the  bounding  edge  of  which 
coincides  with  the  conductor  and  the  strength 
of  which  is  equal  to  the  strength  of  the 
current. 

Nature.  106,  199.  1920. 
Apjohn's  Formula 

A  formula  connecting  the  pressure  of  the 
vapor  in  the  air  with  the  readings  of  the  wet 


and  dry  bulb  thermometers  has  been  deduced 
by  Dr.  Apjohn. 

Trans.  Roy.  Irish  Acad..  17,  275.  1835. 
Preston.  Theory  of  Heat.  1904.  p.  447. 

Arago  Laws 

See  Fresnel. 

Archimedes  Principle 

A  body  immersed  in  a  liquid  loses  a  part 
of  its  weight  equal  to  the  weight  of  the 
displaced  liquid. 

The  pressure  exerted  by  gases  on  bodies 
immersed  in  them  is  transmitted  equally 
in  all  directions. 

Ganot,  p.  104.  p.  183.  1899. 
Arrhenius 

Theory  of  electrolytic  dissociation  states 
that  the  molecule  of  an  electrolyte  can  give 
rise  to  two  or  more  electrically  charged 
atoms  or  ions,  i.e.,  individuals  are  present  in 
greater  number  than  would  be  normally 
expected  from  the  mass  of  substance  dis- 
solved, thereby  causing  an  abnormally  great 
effect  on  the  boiling  points,  freezing  points, 
etc.,  observed  in  aqueous  solutions  of  inor- 
ganic acids,  bases  and  salts. 

Lewis,  Phys.  Chem.,  1916.  I,  p.  215. 
Zeit.  i'hysik.  Chem.,  1887. 

Avogadro's  Law — 1811 

Equal  volumes  of  all  gases  at  the  same 
temperature  and  pressure  contain  the  same 
number  of  molecules. 

Washburn,  Prin.  Phys.  Chem..  1915,  p.  22. 
Babinet's  Principle 

Is  applied  to  complementary  diffraction 
screens,  by  which  is  meant  a  pair  of  screens 
in  which  the  transparent  portions  of  one  are 
replaced  by  opaque  portions  in  the  other.  The 
diffraction  patterns  are  the  same  in  each  case. 

Wood,  Phys.  Op.,  p.  238.  1911. 
Babinet's  Formula  for  Altitude 

where 

(•  =  :;•_>  (500+ti+k) 
Hi  =  barometer  reading  at  lower  station 
H2  =  at  upper  station 
t\  +  h  =  temperatures  at  stations. 

C  r.  1S50. 

Kaye  and  Laby.  1916.  p.  35. 


Altitude  = 
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Babo's  Law 

The  addition  of  a  non-volatile  solid  to  a 
liquid  in  which  it  is  soluble  lowers  the  vapor 
pressure  of  the  solvent  in  proportion  to  the 
amount  of  substance  dissolved. 

Findlay.  "Phase  Rule."  1906.  p.  126. 
Balmer  Series  of  Spectral  Lines 

The  lines  of  a  spectrum  may  be  expressed 
by  a  formula 

\=h 


X10"8  cm. 


where 


h  =  constant  3645 

m  =  given  values  3,  4,  5,  6,  etc.,  to  1 1 . 
Wave-lengths  are  functions  of  successive 
whole  numbers,  that  is,  the  lines  of  the  H 
spectrum,  for  instance,  form  a  series,  and  the 
wave-lengths  of  any  line  can  be  expressed  as 
a  simple  function  of  its  number  in  the  series. 


Barlow 

The  volumes  of  space  occupied  by  the 
various  atoms  in  a  given  molecule  are  approxi- 
mately proportional  to  the  valencies  of  the 
atoms;  whenever  an  element  exhibits  more 
than  one  kind  of  valency  the  lowest  is 
generally  selected. 

(II)  p.  220.  1913. 


Barlow  and  Pope's  Theory 

Every  crystal  is  a  close-packed  assemblage 
of  atomic  spheres  which  can  be  partitioned 
into  small  cells,  all  exactly  similar  and  all 
marshalled  in  rows  and  columns,  giving  the 
symmetrical  form  to  the  crystal.  These  small 
cells  are  the  chemical  molecules  and  the 
atoms  and  molecules  are  assumed  to  be 
capable  of  a  certain  amount  of  distortion 
under  the  influence  of  the  forces  acting  upon 
them. 

Washburn,  Prin.  Phys.  Chem.,  p.  68.  1915. 
J.  Am.  Chem.  Soc.  36.  1675.  1914 
J.  Am.  Chem.  Soc.  36.  1694,  1914. 
J.  Am.  Chem.  Soe.  36.  1636.  1914. 

Bate's  Equation 

\       A0  r]o) 
—  =  ratio  of  viscosity  of  solution  to  that 


At? 


of  water  at  the  same  temperature 
corrected  equivalent  conductance 


Becquerel  Rays 

Rays  from  uranium  salts  which  have  the 
power  of  discharging  an  electroscope  whether 
positively  or  negatively  charged. 


Roscoe  and  Schorl 


(II)  p.  141.3.  1913. 


k,k',h  and  A0  are  empirical  constants. 


Washburn  Pnn.  Phys.  Chem.  1915 
J.  Am.  Chem.  Soc.  37.  1431.  1915. 


Beer's  Law — 1852 

If  two  solutions  of  the  same  salt  be  made 
in  the  same  solvent,  one  of  which  is,  say,  twice 
the  concentration  of  the  other,  the  absorption 
due  to  a  given  thickness  of  the  first  solution 
should  be  equal  to  that  of  twice  the  thickness 
of  the  second. 


Belopolsky  Effect 

When  a  beam  of  light  is  reflected  from  a 
system  of  moving  mirrors  and  the  light  is 
subsequently  analyzed  with  a  spectroscope, 
the  spectrum  lines  are  displaced  by  a  small 
but  easily  measurable  amount. 

Wood,  Phys.  Op..  1911,  p.  2.3. 
Benedicks  Effect 

If  a  metallic  conductor  has  one  portion 
heated  above  the  temperature  of  another 
portion  a  current  of  electricity  may  be  set  up 
and  its  direction  will  be  such  that  by  the 
Thomson  Effect  it  will  tend  to  equalize  the 
temperature  of  the  two  portions. 


Benedicks  Effect 

Benedicks  has  recently  shown  the  existence 
of  two  effects  connecting  heat  and  electricity, 
one  of  which  is  claimed  to  be  the  general 
case,  of  which  the  Thomson  Effect  is  a 
particular  case.  The  first  of  these  may  be 
stated  as  follows:  In  a  homogeneous  metallic 
circuit  an  asymmetric  distribution  of  tem- 
perature gives  rise  to  an  electromotive  force. 
The  second  effect  is  a  converse  of  the  above; 
if  through  a  conductor  at  a  constant  tem- 
perature containing  a  symmetrical  constric- 
tion a  current  is  passed,  heat  is  absorbed  on 
one  side  of  the  constriction  and  generated 
on  the  other. 

Eng'g.  109.  806.  1920. 
Bernoulli  Theory  of  Gases — 1738 

Gases  are  considered  to  be  made  up  of 
minute,  perfectly  elastic  particles  which  are 
ceaselessly  moving  about  with  high  velocities, 
colliding  with  each  other  and  with  the  walls  of 
the  containing  vessel.  The  pressure  exerted 
by  a  gas  is  due  to  the  combined  effect  of  the 
impacts  of  the  moving  molecules  upon  the 
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walls  of  the  containing  vessel,  the  magnitude 
of  the  pressure  being  dependent  upon  the 
kinetic  energy  of  the  molecules  and  their 
number. 

Getman.  Theoret.  Chem.,  1913.  p.  51. 


Draw  from  pole  a  perpendicular  to  the 
wire;  the  force  on  the  pole  is  at  right  angles  to 
this  line  and  to  the  wire,  and  its  intensity  is 
proportional  to  the  reciprocal  of  the  distance. 

Whittaker.  "History  of  Theories  of  Aether  and  Electricity," 
1910.  p.  86. 


Bernouilli  Theorem 

At  any  point  in  a  tube,  through  which  a 
liquid  is  flowing,  the  pressure  plus  the  poten- 
tial energy  due  to  position  plus  the  kinetic 
energy  remains  constant  (friction  being  dis- 
regarded) . 

If  no  external  forces,  other  than  gravity,  act 
on  the  unit  of  volume  considered,  then  its 
total  energy  must  remain  constant. 

Watson.  Gen.  Phys.,  p.  104,  1918. 

Northrup.  Laws  of  Phys.  Science.  1917.  p.  34. 

Houstoun.   "Introduction  to  Mathematical  Physics."    1912, 


Berthelot's  Equation 

Only  applicable  to  a  pure  gas. 


1  +  1% 


hk^K'-lOl 


pc  =  critical  pressure  to  condense  gas  at  its 
critical  temp. 

Tc  =  critical  temp. 

This  is  Van  der  Waal's  equation  with  value 
of  a  and  b  expressed  in  terms  of  critical  con- 
stants of  the  gas. 

Washburn.  Prin.  Phys.  Chem..  1915,  p.  33. 


Bjerrum  Theory 

Molecular  heats  of  gases. 

In  the  case  of  a  monatomic  gas,  no  energy 
is  possessed  other  than  that  due  to  transla- 
tional  movement.  As  regards  the  rotation  of 
the  molecule  as  a  whole,  the  potential  energy 
of  rotation  is  negligible  compared  with  the 
kinetic  energy.  In  regard  to  atomic  vibrations 
the  total  vibrational  energy  is  QRT  where  0 
is  a  function  of  the  temperature  T  and  of  the 
vibration  frequency  v. 

_     1    Bv/T     .  1   Bv/2T 


+  « 


Vr-1      2e*'/ 


1 


Lewis.  Phys.  Chem.  Ill,  p.  80.  1919. 
Zeit.  Elektrochem.  77,  731.  1911. 
Zeit.  Elektrochem.  18.  101.  1912. 


Bohr's  Equation 

2w2e2E2mM 


V  = 


h3  (M  +  m) 


\nS     trf) 


Where  1 "  =  frequency  of  emitted  light ;  e  and  E, 
and  m  and  M  are  the  charge  and  mass  of  the 
electron  and  nucleus  respectively. 


Berthelot  Principle  of  Maximum  Work 

Of  all  possible  chemical  processes  which 
can  proceed  without  the  aid  of  external 
energy,  that  process  always  takes  place 
which  is  accompanied  by  the  greatest  evo- 
lution of  heat.  This  law  holds  good  for  low 
temperature  only  and  does  not  account  for 
endothermic  reactions. 

Sackur.  "Thermochemistry  and    Thermodyn 


Binet  Formula 

Used  in  testing  age   of  individuals  as  to 
intellect. 

Nature  102,  477.  1919. 


Biot  and  Savart 

Action  experienced  by  a  pole  of  austral  or 
boreal  magnetism,  when  placed  at  any  dis- 
tance from  a  straight  wire  carrying  a  voltaic 
current,  may  be  expressed  as  follows: 


Bohr's  Hypothesis 

Phil.  Mag.  26,  10.  1913. 
Phil.  Mag.  36.  243.  1918. 
Phil.  Mag.  30.  394.  1915. 
Nature  92.  231.  1913. 


Boltzmann's  Law 

Two  gases  which  do  not  react  chemically 
are  allowed  to  diffuse  into  each  other,  increas- 
ing in  volume  at  the  same  time  from  Vx  to 
I'i+Tj  and  from  V->  to  Vz+Vi. 

The  total  external  work  done  in  the  mixing 


W  =  R  l/n,  log,  ^±±J  +n2  i 


r,  +  iv 


where 

7  =  abs.  temp. 

R  =  ga.s  constant 

«i  and  n»  =  no.  gram  molecules  involved 

Vi  and  v«  =  volume  of  respective  gases. 

Nernst.  Theoret.  Chem..  p.  96-100,  1911. 
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Boltzmann-Maxwell  Law 

In  a  medium  (gas)  consisting  of  particles 
in  motion  the  distribution  of  energy  through- 
out a  given  volume  will  be  such  that,  on  the 
average,  every  mode  of  motion  of  its  particles 
is  equally  favored,  or,  the  kinetic  energy  is 
uniformly  distributed  among  the  degrees  of 
freedom  of  the  particles. 


Boyle's  Law — 1662 

The  temperature  being  constant,  the  vol- 
ume of  a  given  quantity  of  gas  varies  inversely 
as  the  pressure  which  it  bears. 

PV  =  a  constant. 

This  is  only  approximately  true  for  actual 
gases  and  then  only  for  low  and  medium 
pressures. 


Ganot's  Phvsics.  art.  181.  1899. 
Northrup,  Laws  of  Phys.  Sci..  1917, 


p.  72. 


Boyle's  Point 

Each  gas  at  a  certain  temperature,  called 
Boyle's  point,  obeys  the  laws  of  Boyle  and 
Avogadro  exactly. 

Washburn,  Prin.  Phys.  Chem..  1915.  p.  35. 
Braun's  Law 

Piezo  chemical  studies. 

Cohen,  Zeit.  phys.  Chem.,  9S,  385.  1919. 
Cohen.  J.  Chem.  Soc.  116.  ii  321,  1919. 

Brewster's  Law 

If  n  is  the  refractive  index  of  a  substance 
and  9  is  the  polarizing  angle  then  n  =  tan  9 

Watson,  General  Physics,  1918.  p.  378. 

Houstoun,  "Introduction  to  Mathematical    Physics."    1912. 
p.  163. 

Briot's  Formula 

Extension  of  Cauchy's  work. 

Preston.  Theory  of  Light.  1901.  p.  487. 
Brownian  Movement 

Seen  in  colloidal  solutions  supposed  to 
furnish  evidence  of  molecular  motion. 

Small,  visible,  colloidal  particles  are  knocked 
about  by  colliding  with  the  invisible  molecules 
like  footballs  in  the  midst  of  a  crowd  of 
invisible  players. 

Washburn.  Prin.  Phys.  Chem.  1915.  p.  85. 

When  a  colloidal  solution  is  viewed  through 
an  ultra-microscope,  points  of  light  are  seen 
due  to  particles  which  show  a  trembling  or 
vibrating  movement,  observed  first  by  Mr. 
Brown,  a  botanist. 

Alex.  Smith,  p.  622,  1917. 


Carnot's  Cycle 

Consists  of  four  operations,  performed  on  a 
working  substance,  which  is  assumed  to  be  a 
perfect  gas. 

Partington.  ■  'Higher    Mathematics   for    Chem.    Students  " 
1912,  p.  204. 

Carnot's  Theory 

Work  is  performed  in  heat-engines  by 
transporting  heat  from  a  hot  body  to  a  cold 
body,  in  a  manner  analogous  to  that  in  which 
work  is  obtained  by  allowing  water  to  fall 
from  a  higher  to  a  lower  level. 

Preston.  Theory  of  Heat.  1904.  p.  705. 
Cauchy's  Dispersion  Formula 

A-j       A4 

Preston,  Theory  of  Light,  1901.  p.  138. 
Baly.  Spectroscopy.  1912.  p.  74. 

Charles'  Law 

All  gases  heated  at  constant  pressure 
expand  by  an  equal  fraction  of  their  volume 
at  0  deg.  C.  for  equal  increments  of  tem- 
perature. 

Roscoe  and  Schorlemmer,  Vol.  1.  1911.  p.  85. 
Christiansen  Effect 

Different  colors  have  different  indices  of 
refraction.  Glass  may  be  invisible  for  certain 
rays  which  are  transmitted  without  change, 
while  other  rays  are  scattered  by  the  glass. 
At  one  temperature  one  color,  say  red,  may 
be  transmitted  and  at  a  different  temperature 
another,  say  blue. 

Sci.  Am.  Monthly,  /.  461,  L920. 
Clausius'  Theorem 

The  change  of  entropy  of  a  system  subject 
to  any  reversible  transformation  depends 
only  on  the  initial  and  final  conditions  of  the 
system. 

Preston.  Theory  of  Heat,  1904.  p.  505  and  726. 
Wied.  Ann.  9.  337.  18S0. 
Phil.  Mag.  June.  1880. 

Corbino  Effect— (Hall) 

When  a  uniform  radial  current  flows 
through  a  circular  disk  of  metal  placed  in  a 
magnetic  field  normal  to  the  plane  of  the  disk 
there  is  produced  a  circular  current,  the 
density  of  which  is  inversely  proportional  to 
the  radius. 

Phil.  Mag.  St.  303.  1916. 
Cosine  Law 

See  Lambert's  Light  Law. 
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Coulombs'  Law 

The  force  exerted  by  two  small  charged 
conductors  on  one  another  is  directly  pro- 
portional to  the  product  of  their  charges  and 
inversely  proportional  to  the  square  of  the 
distance  between  the  bodies. 

Watson.  Gen.  Phys..  191S.  p.  412. 

Curie's  Law 


!■■ 


T 


H 


where 

H  =  magnetic  field  strength 

7  =  resultant  intensity  of  magnetization 

7  =  abs.  temp. 

.4  =  Curie's  constant. 

Used  for  paramagnetic  substances. 

Richardson,  Electron  Theory  of  Matter.  1914.  p.  378. 
Curie  Point 

All  ferro-magnetic  substances  have  a 
definite  temperature  of  transition  at  which  the 
phenomena  of  ferro-magnetism  disappear  and 
the  substance  becomes  merely  para-magnetic. 
This  temperature  is  called  "Curie  Point"  and 
isjisually  lower  than  the  melting  point. 

Campbell.  Modern  Electrical  Theory.  1913.  p.  127. 
Dalton's  Law 

Partial  pressures. 

In  a  mixture  of  gases  each  gas  exerts  the 
same  pressure  as  it  would  exert  if  it  were 
alone  present  in  the  volume  occupied  by  the 
mixture. 

In  a  mixture  of  gases,  if  the  several  gases 
have  the  same  temperature,  and  if  they  all 
occupy  the  same  volume,  then  the  pressure 
exerted  by  the  mixture  will  equal  the  sum  of 
the  pressures  exerted  by  the  gases  severally. 

Preston.  Theory  of  Heat.  p.  71.  1904. 
Washburn.  Pnn.  Phys.  Chemistry.  1915.  p.  26. 

Debye's  Equation 

Empirical  equation  of  Nernst  and  Linde- 
mann. 


g=|k 


[ 


(fPJt) 


where 


A  =  atomic  wt. 
D  =  density 
7>  =  abs.  melting  pt. 

Washburn.  Pnn.  Phys.  Ch..  1915.  p.  259. 
Debye — Formulae  for  Specific  Heats 
Ann.  der   Physik..  39,  789.  1912. 


Deslandres  Laws 

1st.  Law.  In  band  spectra,  the  oscillation 
frequencies  of  the  lines  starting  from  one  head 
form  arithmetical  series.  More  than  one  such 
series  can  proceed  from  the  same  head. 

2nd  Law.  The  differences  in  frequency  of 
the  heads  of  the  bands  in  each  group  form  an 
arithmetical  series,  but  the  arrangement  of 
the  heads  is  reversed  from  that  of  the  lines 
forming  each  band. 

X0 

X  =       (■» 


i2  when  ju  =  0 


Baly.  Spectroscopy,  p.  613-14.  606.  1912. 
Doppler  Effect— 1843 

The  apparent  change  in  the  wave-length 
of  light  produced  by  the  motion  in  the  line  of 
sight  of  either  the  observer  or  the  source  of 
light. 

Baly.  p.  641.  1912. 

If  two  sources  emitting  harmonic  vibrations 
of  the  same  frequency  are  moving  one  toward 
and  the  other  away  from  the  observer,  the 
frequency  of  the  first  source  will  appear  less 
than  that  of  the  second. 

The  frequency  of  the  light  vibrations  seen 
by  an  observer  toward  whom  they  travel 
ought  to  appear  greater  than  would  be  the 
case  if  they  were  at  rest. 

Thomson.  Rays  of  Positive  Electricity.  1913.  p.  89. 
Campbell.  Modern  Electrical  Theory.  1913.  p.  200. 

Formula  to  Express  Doppler  Effect 

,,       v±a 

N  =  n——r 

v-i-b 

Frequencv  =  X1" 

'        v±a 

where 

A*  =  number  of  oscillations 
V  =  velocity  of  light 
n  =  frequency  of  oscillation 
a  =  rate  of  motion  of  source 
b  =  rate  of  motion  of  observer. 


Doppler-Fizeau  Effect — 1842 

Doppler  called  attention  to  the  change  in 
the  pitch  of  a  sound  when  the  source  was 
moving  toward  or  away  from  the  observer 
and  applied  the  principle  to  luminous  dis- 
turbances radiated  from  bodies  in  motion. 
Principle  is  used  in  astro-physical  research 
to  determine  whether  stars  are  moving 
toward  or  away  from  us. 

Wood,  Phys.  Op.,  1911.  p.  23. 
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Drude's  Formula 

For  electrical  conductivity. 

x=Yi  e2/m.  V.E/a 

V=  vibration  no.  of  atom 

E  =  emission  no.  of  atom 

a  =  absorption  coef.  of  an  atom. 
Electronic  theory  of  metals. 

J.  Chem.  Soc.  11  J,,  ii  288,  1918. 
Drude's  Theory 

Assumes  that  the  electrons  cause  both  the 
heat  and  electrical  vibrations  within  metals 
and  that  the  electrons  in  the  metal  follow  the 
same  diffusion  law  as  the  molecules  of  a  gas. 

Schenck,  "Phys.  Chem.  of  the  Metals,"  1919,  p.  24. 
Dufour  Effect 

Abnormal  Zeeman  Effect.  Has  shown  that 
individual  lines  show  Zeeman  effect  in  band 
spectra,  if  observed  in  direction  parallel  to 
field  and  if  circular  vibrations  are  converted 
into  plane  ones  with  quarter-wave  plate, 
through  Nicol  prism. 

Wood,  Phys.  Op.,  p.  521,  1911. 
Dulong  and  Petit 

The  specific  heats  of  the  several  elements 
are  inversely  proportional  to  their  atomic 
weights,  i.e.,  the  atom  of  each  of  these 
elements  possesses  the  same  capacity  for  heat. 

Roscoe  and  Schorlemmer,  1913,  II,  p.  16. 
Ebert  Effect 

Action   of   ultra-violet    light    on    air  space 
between  conductors  and  cathode. 
See  Hertz-Effect. 

Wied.  Ann.,  S3.  241,  1888. 
Eddy  Currents 

Whenever  a  mass  of  metal  is  rapidly 
rotated  in  a  magnetic  field  its  temperature 
rises,  the  heat  being  the  direct  result  of 
currents  of  electricity  which  are  induced  in 
the  metal,  and  which  are  known  as  "eddy"  or 
Foucault  currents. 

Slingo  and  Brooker,  "Electrical  Engineering,"  1908,  p.  308. 
Edison  Effect 

A  current  of  negative  electricity,  increasing 
rapidly  with  the  temperature,  flows  from  all 
metallic  conductors  at  a  temperature  of  more 
than  1000  deg.  C.  to  surrounding  conductors, 
maintained  at  an  equal  or  higher  potential, 
even  if  the  intervening  space  is  vacuous. 
This  current  was  first  detected  by  Edison. 

Campbell,  Modern  Elec.  Theory.  1913.  p.  81-82. 
Edison  Effect 

When  a  lamp  filament  is  heated  a  low 
current  will  flow  to  a  metal  plate  located 
within  the  lamp  and  flows  only  in  one  way. 
That  is,  the  cold  plate  becomes  charged  with 
negative  electricity  which  flows  from  the  hot 
filament. 


I(_t_\ 

V\3irr  i\) 


Einstein  Equation 

Displacement  of  spherical  colloidal  par- 
ticles. 

N 
where 

X  =  horizontal  displacement 
r  =  radius  of  particle 
■q  =  viscosity  of  medium 
t  =  time. 

Washburn.  Prin.  Phys.  Chem..  1915,  p.  89. 

N  =  Avogadro's  number  calculated  from 
Brownian  movement  in  liquids 
=  5.9X1023±10  percent. 

Xordlund.  Z.  physik.  Chem..  87,  59,  1914. 
Einstein  Hypothesis 

In  the  light-quantum  hypothesis  of  Planck- 
Einstein  one  regards  the  energy  of  a  system 
of  rays,  not  as  spread  continuously  over  an 
ever  increasing  surface  (wave-front),  but  as 
made  up  of  localized  centers  of  energy  which 
move  on  without  subdivision,  and  can  be 
absorbed  only  as  a  whole. 

These  units  of  radiation  have  an  energy 
proportional  to  the  oscillation  frequency. 

Wood,  Phys.  Op.,  1911.  p.  554. 

Einstein  Theory  of  Relativity 

Richardson.  Electron  Theory  of  Matter.  1914.  p.  296.   314. 
Jahrbuch  der  Radiuakt.  u.  Electronik,   (,  435.  451.  1907. 
Ann.  der  Physik.  22.  183,  1907. 
Phys.  Zeit..  £1,  88.  1920. 

Einstein  Theory  on  Specific  Heats 

Suggests  that  all  energy  stored  in  simple 
bodies  might  belong  to  a  few  natural  fre- 
quencies and  on  this  supposition,  he  has 
calculated  the  specific  heats  as  a  function 
of  the  frequency  of  the  radiation. 

Ann.  der  Physik.  22.  180,  1907. 
Richardson.  Electron  Theory.  1914.  p.  357. 

Elster  and  Geitel  Effect 

Clean  metal  surfaces  lose  a  negative  charge 
when  exposed  to  the  action  of  light,  particu- 
larly ultra-violet,  but  retain  a  positive  charge. 

The  effect  is  most  marked  in  the  cas  e  of  the 
electro-positive  metals  and  roughly  it  is  in 
the  order  of  the  metals  in  Volta's  contact 
electricity  series. 

Thomson.  R.  m  Elec.  and.  Mag..  1893.  p.  61. 

Wied.  Ann..  38.  40.  497.  1889. 
Wied.  Ann.,  41.  161.  1890. 
Wied.  Ann.,  42.  564.  1891. 

Ettingshausen's  Effect  (Von  Ettingshausen's) 

When  an  electric  current  flows  across  the 
lines  of  force  of  a  magnetic  field  an  electro- 
motive force  is  observed  which  is  at  right 
angles  to  both  the  primary  current  and  the 
magnetic  field;  a  temperature  gradient  is 
observed  which  has  the  opposite  direction 
to  the  Hall  electromotive  force. 

Richardson,  Electron  Theory  of  Matter,  1914.  p.  434. 
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Euler's  Theory 

A  catalyst  acts  by  increasing  the  concen- 
tration of  the  groups  of  ions  reacting.  He 
assumes  that  all  reactions  are  ionic. 

Kremann,   Potts.  Applications   of    Physico-Chem.  Theory. 
1913.  p.  55. 

Ewing  Theory  of  Magnetism 

Molecules  are  linked  together  in  groups  of 
two  or  more  molecules,  the  molecules  of  each 
group  being  held  together  by  the  attraction 
and  repulsion  of  their  Ar  =  and  5=  poles. 

The  magnetization  of  iron  consists  in 
turning  the  axes  of  the  molecular  magnets 
parallel  to  the  direction  of  the  magnetizing 
field. 


throughout  the  circuit  are  directly  propor- 
tional to  their  equivalent  weights,  and  are 
independent  of  the  concentration  and  the 
temperature  of  the  solution,  the  size  of  the 
electrodes,  and  all  other  circumstances. 

Le  Blanc.  Electrochemistry.  1907.  p.  42. 
Fechner  Theory  of  Electricity 

A  current  consists  in  a  streaming  of  electric 
charges,  vitreous  charges  traveling  in  one 
direction  and  resinous  in  the  opposite.  Like 
charges  attract  when  traveling  parallel  to 
each  other  and  unlike  attract  when  traveling 
in  opposite  directions. 


Fabry  and  Perot's  Etalons 

Fixed  air  layers  used  as  interference 
apparatus  standards,  having  thicknesses  of 
2.5  mm.,  5  mm.,  and  10  mm.,  respectively. 

Baly,  Spectroscopy,  1912.  p.  338. 
Ann.  Chim.  et  Phye..  2a.  98.  1902. 

Faraday  Effect 

If  a  plane  polarized  ray  of  light  passes 
through  certain  bodies  along  the  lines  of  a 
strong  magnetic  field,  the  plane  of  polariza- 
tion of  the  emergent  light  is  different  from 
that  of  the  incident  light.  In  looking  from 
North  to  South  along  a  line  of  magnetic  force, 
the  rotation  is  clockwise.  On  reversing  the 
direction  of  magnetization,  the  direction  of 
rotation  is  reversed. 

Preston.  Theory  of  Light,  p.  431.  1901. 
Campbell.  Mod.  Elec.  Theory.  1913.  p.  138. 
Experimental  Researches  of  Faraday.  Vol.  3,  p.  1 . 

Faraday's  Law 

Whenever,  from  any  cause  whatever,  the 
number  of  lines  of  force  which  thread  through 
any  conducting  circuit  is  altered,  an  electro- 
motive force  will  be  produced  during  the 
change  in  the  number  of  lines,  and  this  will 
produce  or  tend  to  produce  a  current  in  the 
circuit. 

Watson.  Gen.  Phys.,  1918,  p.  469. 
Faraday's  Law  of  Electrolysis — 1833 

Whenever  an  electric  current  passes  across 
a  junction  between  a  purely  metallic  and  a 
purely  electrolytic  conductor,  a  chemical 
change  occurs,  the  amount  of  which,  expressed 
in  chemical  equivalents,  is  exactly  propor- 
tional to  the  quantity  of  electricity  which 
passes  and  is  independent  of  everything  else. 

Washburn.  Prin.  Phys.  Chem..  1915,  p.  205 
Faraday's  Law  for  Electrolysis 

In  electrolysis  the  quantities  of  the  different 
substances  which  separate  at  the  electrodes 


Fermat's  Law 

In  the  case  of  refraction  and  reflection,  the 
path  of  a  ray  from  one  point  to  another  by 
way  of  a  refracting  or  a  reflecting  surface  is 
either  a  maximum,  or  a  minimum.  This  is 
true  only  of  plane  surfaces. 

When  the  light  ray  travels  from  one  point 
to  another  the  ray  pursues  that  path  which 
requires  the  least  time. 

Preston.  Theory  of  Light,  p.  95.  1901. 
Wood.  Phys.  Op.,  p.  72.  1911. 

Fermat's  Law 

The  path  chosen  by  a  ray  joining  two 
points  is  that  which  can  be  travelled  over 
in  the  least  possible  time. 

Aldous,  p.  450,  1900. 
Fery's  Spectroscope 

A  quartz  spectroscope  eliminating  all  lenses 
by  using  a  prism  with  curved  faces. 

J.  de  Physique.  9.  762.  1910. 
Astrophys.  J.  Si.  79.  1911. 
Baly.  Spectroscopy.  1912,  p.  134. 

Fick's  Law 

Expresses  course  of  diffusion  with  same 
accuracy  as  Fourier's  elementary  law. 

The  fall  of  concentration  p  in  any  infinitely 

thin  layer,  at  a  distance  A'  from  any  point  of 

reference,  should  in  a  given  time  t  satisfy  the 

partial  differential  equation : 

dp=Kd?p 

dt         (Px 

In  this  formula  A'  represents  the  coef.  of 
diffusibility  which,  subject  to  limitations,  is 
constant  for  any  given  solute  and  solvent,  as 
long  as  the  temperature  does  not  vary. 

Chem.  and 
[83.  492. 

Fizeau  Effect 

A  source  of  light  is  physically  independent 
of  a  spot  5  in  that  to  an  observer  relative  to 
whom  the  source  is  alwavs  at  rest  the  source 
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appears  to  have  exactly  the  same  properties 
whether  it  is  or  is  not  moving  relatively  to  S, 
or,  the  source  of  light  may  be  at  rest  relative 
to  5,  but  between  S  and  the  source  there 
may  be  a  material  medium  through  which  the 
light  travels  and  this  medium  may  be  in  some 
cases  and  not  in  others  at  rest  relative  to  5. 
It  is  found  that  the  velocity  with  which  the 
light  appears  to  5  to  travel  through  the 
medium  differs  with  the  motion  of  the 
medium  relative  to  5.  This  change  of  velocity 
is  known  as  the  Fizeau  effect. 

Campbell,  Modern  Electrical  Theory,  1913.  356. 
Fleming's  Rule 

Clench  the  right  hand,  then  open  out  the 
thumb  and  first  two  fingers,  making  them  as 
nearly  as  possible  at  right  angles  to  each 
other.  Then  place  the  hand  so  that  the  fore- 
finger points  along  the  wire  in  the  direction 
in  which  the  current  is  flowing,  and  so  that 
the  second  finger  points  to  the  needle,  then 
the  thumb  points  in  the  direction  in  which 
the  N-pole  of  the  needle  is  driven. 

Aldous.  Elem.  Course  of  Physics.  1900,  721.  825. 
Foucault  Currents 

Whenever  a  mass  of  metal  is  rapidly  ro- 
tated in  a  magnetic  field  its  temperature 
rises,  the  heat  being  the  direct  result  of  cur- 
rents of  electricity  which  are  induced  in  the 
metal,  and  which  are  known  as  "eddy"  or 
Foucault  currents. 

Slingo  and  Brooker,  "Electrical  Engineering."  1908.  p.  308. 
Foucault's  Currents 

When  a  block  of  metal  is  moved  in  the 
presence  of  a  magnet,  induction  comes  into 
play  and  an  EMF  is  set  up  in  various  parts 
of  the  block  and  causes  currents  of  electricity 
to  flow  within  it. 

Aldous.  p.  767,  1900. 
Fourier's  Theorem 

Determines  the  law  for  the  expansion  of 
any  arbitrary  function  in  terms  of  sines  or 
cosines  of  multiples  of  the  independent  vari- 
able x.  If  /  (x)  is  a  periodic  function  with 
respect  to  time,  space,  temperature,  or  poten- 
tial, Fourier's  theorem  states  that 

F(x)  =  Aa-\-aisinx-\-aiSin  2x-\- .  .  .    +fe, 
cos  x +62  cos  2x  +  ■  •  •  • 

This  series  is  an  artificial  way  of  repre- 
senting the  propagation  or  progression  of  any 
physical  quality  by  a  series  of  waves  or  vibra- 
tions. 

Mellor.  "Higher  Mathematics  for  Students  of  Chem.  and 
Phys.."  1913,  p.  469. 

Aldous.  Elem.  Course  in  Phys..  1900.  p.  432. 
Rayleigh.  Phil.  Mag..  Si.  964.  1912. 


Fowler  Formula 

Frequency  in  helium  series 


109750 


(erofy) 


Where  Mi  has  value  of  3  or  4-Helium 
series  in  ultra-violet 

Science.  B0,  4S1.  1919. 
Fraunhofer's  Lines 

When  sunlight  is  examined  through  a 
spectroscope  it  is  found  that  the  spectrum  is 
traversed  by  an  enormous  number  of  dark 
lines  parallel  to  the  length  of  the  slit.  These 
dark  lines  are  known  as  Fraunhofer's  lines. 
Kirchhoff  conceived  the  idea  that  the  sun  is 
surrounded  by  layers  of  vapors  which  act 
as  filters  of  the  white  light  arising  from  in- 
candescent solids  within  and  which  abstract 
those  rays  which  correspond  in  their  periods 
of  vibration  to  those  of  the  components  of  the 
vapors.  Thus  reversed  or  dark  lines  are 
obtained  due  to  the  absorption  by  the  vapor 
envelop,  in  place  of  the  bright  lines  found  in 
the  emission  spectrum. 


Fresnel-Aragon  Laws 

1.  Two  rays  of  light  polarized  in  the 
same  plane  interfere  in  the  same  man- 
ner as  ordinary  light. 

2.  Two  rays  polarized  at  right  angles  do 
not  interfere. 

3.  Two  rays  polarized  at  right  angles 
from  ordinary  light  and  brought  into 
the  same  plane  of  polarization,  do  not 
interfere  in  the  ordinary  sense. 

4.  Two  rays  polarized  at  right  angles 
(obtained  from  plane  polarized  light) 
interfere  when  brought  into  the  same 
plane  of  polarization. 

Wood,  Phys.  Op..  1911.  p.  151. 
Fresnel's  Integrals  (Gilbert) 

Table  of. 

Wood.  Phys.  Op.,  p.  247.   1911. 
Gauss's  Principle  of  "Least  Constraint" 

1.  The  motion  of  connected  points  is 
such  that,  for  the  motion  actually  taken  the 
sum  of  the  products  of  the  mass  of  each 
particle  into  the  square  of  the  distance  of  its 
deviation  from  the  position  it  would  have 
reached  if  free,  is  a  minimum. 

2.  The  motion  of  a  system  of  material 
points  interconnected  in  any  way  and  sub- 
mitted to  any  influences,  accords  at  each 
instant  as  closely  as  possible  with  the  motion 
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the  points  would  have  if  they  were  free. 
The  actual  motion  takes  place  so  that  the 
constraints  on  the  system  are  the  least 
possible.  For  the  measurement  of  the  con- 
straint, during  any  element  of  time,  is  to  be 
taken  the  sum  of  the  products  of  the  mass  of 
each  point  by  the  square  of  its  deviation  from 
the  position  it  would  have  occupied  at  the 
end  of  the  element  of  time,  if  it  had  been 
free. 

Northrup,  Laws  Phys.  Sci..  1917.  p.  26. 

Mach-Science  of  Mechanics. 

See  D'Alembert's  and  Hamilton's  Principle. 

Gauss  Theory  of  Errors 

Northrup's  Laws  of  Phys.  Sci..  p.  27.  1917. 

Gay-Lussac's  Law — 1802 

The  pressure  of  a  gas  being  kept  constant 
its  volume  varies  directly  with  the  absolute 
temperature. 

Vt=V0  (1+at). 
Where  V'0  =  vol.  gas  at  0°C 
7*  =  vol.  gas  at  t"(~ 
for  air  o  =  0.003665 

Maxwell.  "Theory  of  Heat."  p.  29. 

The  volumes  in  which  gaseous  substances 
combine  bear  a  simple  relation  to  one  another 
and  to  the  volume  of  the  resulting  product. 

Roscoe  and  Schorlemmer.  p.  73,  I.  1911. 
Geitel-Elster  Effect 

See  Elster. 

Gibbs  Theory  of  Equilibria 

Phase  Rule — 'Defines  conditions  of  equi- 
librium as  a  relationship  between  the  number 
of  phases  and  the  components  of  a  system. 
A  system  has  only  three  independently  vari- 
able factors — temperature,  pressure,  and  con- 
centration of  the  components  of  the  system. 

A  system  consisting  of  n  components  can 
exist  in  w  +  2  phases,  only  when  the  tempera- 
ture, pressure  and  concentration  have  fixed  and 
definite  values;  if  there  are  n  components, 
in  w+1  phases,  equilibrium  can  exist  while 
one  of  the  factors  varies,  and  if  there  are  only 
n  phases,  two  of  the  varying  factors  may  be 
arbitrarily  fixed. 

P+F=C+2 
F=C+2~P 
F  =  no.  of  phases 
F  =  degrees  of  freedom 
C  =  No.  of  components. 

Findlay.  "Phase  Rule."  1906.  p.  16. 
"Thermodynamics."  by  F.  G.  Donnan. 


Gladstone  and  Dale's  Law 

When  a  substance  is  compressed,  or  its 
temperature  varied,  the  density  alters  and 
there  is  a  corresponding  variation  in  the  re- 
fractive index. 

refractive  index  —  1 

; 7- =a  constant 

density 

Preston.  Theory  of  Light.  1901.  p.  131. 
Glaisher's  Factors 

For  use  with  wet  and  dry  bulb  temper- 
atures. 

Kaye  and  Laby.  1916.  p.  39. 
Graham's  Law 

The  quantity  of  a  gas  which  passes  through 
a  porous  diaphragm  in  a  given  time  is  in- 
versely as  the  square  root  of  the  molecular 
weight  of  the  gas,  or  its  density. 

Ganot's  Physics,  art.  191.  1899. 
Northrup.  Laws  Phys.  Sci..  1917.  p.  85. 

The  rate  at  which  gases  diffuse  is  not  the 
same  for  all  gases,  but  their  relative  rates  of 
diffusion  are  inversely  proportional  to  the 
square  root  of  their  densities. 

Roscoe  and  Schorlemmer,  p.  91.  I.  1911. 
Guldberg  and  Waage 

The  reactivity  of  a  substance  is  measured 
by  its  concentration,  the  greater  the  concen- 
tration, the  greater  the  reactivity. 

Different  substances  have  different  affini- 
ties for  each  other;  these  exhibit  their  value 
only  when  they  are  in  immediate  contact 
with  each  other.  The  condition  of  equilib- 
rium depends  not  only  upon  the  chemical 
affinity,  but  also  essentially  upon  the  relative 
masses  of  the  reacting  substances. 

Nernst,  Theoretical  Chemistry  1911,  p.  447. 

When  two  acids  and  a  base  are  mixed  in 
equivalent  quantities  the  coefficient  of  parti- 
tion ought  to  be  proportional  to  the  square 
root  of  the  relative  strengths  of  the  acids,  as 
measured  by  means  of  their  catalytic  action. 

Arrhenius,  "Theory  of  Solutions."  1913,  p.  77. 
Hallwachs-Hertz  Effect 

See  Hertz  Effect. 

Has  to  do  with  photoelectric  emission 
which  varies  with  thickness  of  layers  showing 
maxima  and  minima  of  emission  correspond- 
ing to  maxima  and  minima  of  ultra-violet 
light. 

Le  Radium  .9.  400-404.  1912. 
Sci.  Abs..  p.  214.  1913. 

Halm's  Formula 

A  formula  of  which  the  Deslandres,  Balmer, 
and  Rydberg  formulae  are  special  cases. 
1      ^      a\  ,  6i2 

na  —  n     (m  +  fj.)'2  ~ a{- 

Baly.  Spectroscopy.  1912,  p.  606. 
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Hamilton's  Principles 

The  time  mean  of  the  difference  of  kinetic 
and  potential  energies  is  a  minimum  for  the 
actual  path  between  given  configurations 
as  compared  with  infinitely  near  paths  which 
might  be  described  (for  instance  under 
constraints)  in  the  same  time  between  the 
same  configurations;  or  more  freely:  Nature 
tends  to  equalize  the  mean  potential  and 
kinetic  energies  during  a  motion.  While 
Hamilton's  principle  involves  the  conserva- 
tion of  energy,  it  is  much  broader  in  its  scope. 

nd  of  Rigid.  Elastic 
912.  p.  97. 

Harkins- Wilson 

Equation  for  atomic  weights. 

W  =  2(A'  +  n)+  .'+J(-Dn'-1 

Where  N  =  atomic  number 
11*  =  atomic  weight 
n   =no.  of    cementing  electrons    in 
attaching  He  nuclei. 

For  elements  of  even  atomic  number  the 
equation  becomes 

W  =  2  (N  +  n) 

J.  Am.  Chem.  Soc,  37,  1380.  1915. 
Hartman's  Interpolation  Formula 

For  the  determination  of  the  wave-lengths 
of  the  lines  in  a  spectrum 

^       ^      ,  C 

(U  —  Mo)  a 

Where  X0,  C,  na  and  a  are  constants. 

Baly,  Spectroscopy,  1912.  p.  158. 

Heaviside's  Expansion  Theorem 
£.Y,Y 

Y 


-y  E 


tnim 


=A„ 


Press.  Electrician.  83.  449,  1919. 


Hall  Effect 

When  an  electric  current  flows  across  the 
lines  of  force  of  a  magnetic  field  an  electro- 
motive force  is  observed  which  is  at  right 
angles  to  both  the  primary  current  and  the 
magnetic  field. 

When  a  thin  rectangular  sheet  of  metal 
carrying  an  electric  current  flowing  in  the 
direction  of  its  length  is  subjected  to  a  power- 
ful magnetic  field  normal  to  the  sheet,  the 
current  stream-lines  are  deflected  toward  one 
edge  of  the  sheet. 

The  rotation  when  the  light  is  reflected  from 
Ni  or  Co,  instead  of  from  Fe,  is  in  the  same 
direction  as  for  Fe. 


When  a  steady  current  is  (lowing  in  a  steady 
magnetic  field,  electromotive  intensities  are 
developed  which  are  at  right  angles  both  to 
the  magnetic  force  and  to  the  current  and 
are  proportional  to  the  product  of  the  in- 
tensity of  the  current,  the  magnetic  force 
and  the  sine  of  the  angle  between  the  direc- 
tions of  these  quantities. 

Ganot,  art.  900.  1899. 

Campbell.  Modern  Elec.  Theory,  p.  76  and  80.  19 IX 

Phil.  Mag..  (5).  12.  157.  1881. 

Recent  Researches  in  Elec.  and  Mag. 

Thomson,  1893.  p.  486. 

Phil.  Mag.  Nov..  1880. 

Phil.  Mag.,  (5).  19,  419.  1885.     Meas.  of  Effect. 

Richardson,  Electron  Theory.  1914,  p.  434. 

Helmholtz  Dispersion  Theory 

The  ether  is  considered  as  an  elastic  solid 
made  up  of  small  particles,  which  when  dis- 
placed are  urged  back  into  their  original 
position  by  forces  of  restitution.  The  re- 
fracting medium  is  assumed  to  be  made  up 
of  molecules,  between  which  the  ether  pene- 
trates freely.  The  atoms  vibrate  in  periods 
of  their  own.  The  molecules  remain  at  rest, 
but  the  atom  may  be  displaced  from  its 
position  of  equilibrium  by  the  vibration  of 
ether  and  when  so  displaced  is  drawn  back 
by  a  force  of  restitution  proportional  to  the 
displacement.    Formulae. 

Wood,  Phys.  Op.,  p.  380.  1911. 


Helmholtz  Formula 
Haber,  Thermodynan 


,  of  Technical  Gas  Reactions.  1908 , 


Henry's  Law 

The  quantity  of  a  gas  (either  weight  or 
volume  atN.T. P.)  dissolved  by  a  given  volume 
of  a  given  liquid  at  a  given  temperature  is 
directly  proportional  to  the  pressure  under 
which  the  absorption  takes  place. 

The  quantity  of  gas  which  a  liquid  can 
dissolve  is  independent  of  the  nature  and  of 
the  quantity  of  other  gases  which  it  may 
already  hold  in  solution. 

Northrup.  Laws  of  Phys.  Set..  1917.  p.  83. 
Philips'  Physical  Chemistry,  1915.  p.  20. 

Hertz's  Theory 

Phenomena  of  elastic  impact  as  statical 
effect. 

Phys.  Rev.  IS.  442.  1918.  .,_„„.. 

Hertz's  Miscellaneous  Papers,  English  Edition,  p.  14b. 

Love's  Treatise  on  Elasticity.  2nd  Ed.,  p.  195. 

Hertz  Theory  of  Impact 

Strains  produced  in  the  immediate  neigh- 
borhood of  the  region  of  contact  are  deter- 
mined by  the  pressure  subsisting  at  any 
instant  between  the  bodies  and  are  practically 
the  same  as  under  statical  conditions. 

Raman.  Phys..  Rev.  15,  277,  1920. 
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Hertz  Effect  (Wiedemann  and  Ebert) 

Hertz  found  that  a  disruptive  discharge 
between  two  conductors  is  facilitated  by 
exposing  the  air  space  across  which  the  dis- 
charge takes  place,  to  the  influence  of  ultra- 
violet light.  W.  and  E.  proved  that  the  seat 
of  this  action  is  at  the  cathode  and  that  the 
light  produces  no  effect  when  the  cathode  is 
shielded  from  its  influence,  however  brightly 
the  rest  of  the  line  of  discharge  may  be  illum- 
inated. The  magnitude  of  the  effect  depends 
on  the  gas  surrounding  the  cathode. 

1893.  p.  58. 
Hertz-Hallwachs  Effect 

Has  to  do  with  photoelectric  emission 
which  varies  with  thickness  of  layers  showing 
maxima  and  minima  of  emission  correspond- 
ing to  maxima  and  minima  of  ultra-violet 
light. 

Le  Radium.  9.  400-404.  1912.  G.  Reboul. 
Sci.  Abs.  p.  214.  1913. 

Hertz  Waves 

An  oscillating  circuit  sends  out  electro- 
magnetic waves  which  have  all  the  properties 
of  light  waves,  the  only  difference  being  that 
the  wave-length  is  very  much  greater  than 
that  of  light  waves.  The  production  of  these 
electro-magnetic  waves  was  predicted  by 
Maxwell. 

Watson,  Gen.  Phys..  1918.  p.  528. 
Hess'  Law 

The  heat  of  a  given  reaction  is  independent 
of  whether  it  takes  place  as  written,  or 
whether  it  occurs  in  stages. 

Washburn,  Prin.  Phys.  Chem..  1915.  p.  241. 
Hooke's  Law 

As  long  as  a  strain  is  kept  below  a  certain 
limit  for  each  material,  called  the  elastic 
limit,  the  stress  is  proportional  to  the  strain, 
and  hence,  the  ratio  of  stress  to  strain,  that 
is,  the  elasticity,  is  a  constant. 

Watson.  Gen.  Phys..  19 IS.  p.  73. 
Huygens'  Theory  of  Light — 1678 

This  theory  states  that  light  is  a  disturbance 
traveling  through  some  medium,  such  as  the 
ether.  Thus  light  is  due  to  wave  motion  in 
ether. 

Aldous.  p.  505,  1900. 

Every  vibrating  point  on  the  wave-front 
is  regarded  as  the  center  of  a  new  disturbance. 
These  secondary  disturbances  traveling  with 
equal  velocity,  are  enveloped  by  a  surface 
identical  in  its  properties  with  the  surface 
from  which  the  secondary  disturbances  start, 
and  this  surface  forms  the  new  wave-front. 

Wood.  Phys.  Op.,  p.  28.  1913. 


Joule's  Law 

The  heat  produced  by  the  passage  of  an 
electric  current  through  a  solid  metallic 
conductor  is  proportional  to  the  product  of 
the  resistance  of  the  conductor,  the  square 
of  the  current  and  the  time,  or  to  the  product 
of  the  applied  e.m.f..  the  current  and  the  time. 
JH  =  RPt  =  EIt 

Where  J  is  Joule's  dynamical  equivalent 
of  heat,  H  the  number  of  units  of  heat,  R  the 
resistance  of  the  conductor,  I  the  current, 
t  the  time  during  which  the  current  flows 
and  E  the  applied  e.m.f. 

Watson,  Gen.  Phys.  1918.  p.  449 
Joule-Kelvin  Effect— 1852 

When  a  gas  expands  without  doing  external 
work,  it  is  slightly  cooled,  except  in  the  case 
of  H,  which  is  warmed.  Gases  in  expanding 
do  no  interior  work. 

Preston.  Theory  of  Heat.  1904.  p.  375. 
Joule-Thomson  Effect 

The  cooling  which  occurs  when  a  highly 
compressed  gas  is  allowed  to  expand  in  such 
a  way  that  no  external  work  is  done  is  known 
as  the  Joule-Thomson  effect.  This  cooling 
is  inversely  proportional  to  the  square  of  the 
absolute  temperature. 

Roscoe  and  Schorlemmer.  I.  p.  110.  1911. 
Kayser  and  Runge's  Formula 

For  spectral  series. 

l-  =  A+Bm-*  +  C»rl 
This  is  the  first  term  of  a  converging  series. 

Baly.  Spectroscopy.  1912.  p.  583. 
Kepler's  Laws 

Continuous  motion  of  a  body  round  a 
point,  under  the  influence  of  an  attraction 
toward  the  point,  varies  inversely  as  the 
square  of  the  distance,  and  the  motion  is  an 
ellipse.  Three  following  laws  were  formulated 
by  Kepler: 

1.  The  point  towards  which  the  accelera- 
tion is  directed  is  at  one  of  the  two  "foci"  of 
the  ellipse. 

i'.  A  line  (radius-vector)  drawn  from  that 
point  to  the  moving  body  sweeps  over  equal 
areas  in  equal  times  as  the  body  moves;  and 

3.  The  time  taken  to  perform  a  complete 
revolution  in  the  elliptical  path  is  propor- 
tional to  the  square  root  of  the  cube  of  the 
mean  distance  from  the  central  point. 

Daniell.  Prin.  of  Phys..  1895.  p.  203. 
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Kerr  Effect 

When  the  plane-polarized  light  is  regularly 
reflected  fron  either  pole  of  an  iron  electro- 
magnet, the  reflected  ray  has  a  component 
polarized  in  a  plane  at  right  angles  to  the 
ordinary  reflected  ray. 

Whittaker.  '  'History  of  Theories  of  Aether  and  Electricity.  " 
1910.  p.  368. 

Kerr  Effect 

When  plane  polarized  light  is  incident  on 
the  pole  of  an  electromagnet,  polished  so  as 
to  act  like  a  mirror,  the  plane  of  polarization 
of  the  reflected  light  is  not  the  same  when  the 
magnet  is  "on"  as  when  it  is  "off".  It  was 
found  that  the  direction  of  rotation  was 
opposite  to  that  of  the  currents  exciting  the 
pole  from  which  the  light  was  reflected. 


A  positive  double  refraction  similar  to  that 
exhibited  by  quartz  in  the  absence  of  an 
electric  field,  is  exhibited  by  certain  liquids. 

Wood,  Phys.  Op.,  p.  548.  1913. 
Kirchhoff's  Law 

The  relation  between  the  powers  of  emis- 
sion and  the  powers  of  absorption  for  rays 
of  the  same  wave-length  is  constant  for  all 
bodies  at  the  same  temperature.  First,  A 
substance  when  excited  by  some  means  or 
other  possesses  a  certain  power  of  emission; 
it  tends  to  emit  definite  rays,  whose  wave- 
lengths depend  upon  the  nature  of  the  sub- 
stance and  upon  the  temperature.  Second, 
the  substance  exerts  a  definite  absorptive 
power,  which  is  a  maximum  for  the  rays  it 
tends  to  emit.  Third,  at  a  given  temperature 
the  ratio  between  the  emissive  and  the  absorp- 
tive power  for  a  given  wave-length  is  the 
same  for  all  bodies,  and  is  equal  to  the  emis- 
sive power  of  a  perfectly  black  body. 

Baly,  1912.  p.  26. 

Preston,  Theory  of  Heat,  1904.  p.  588. 

Formula  for  principle  of  Huygens,  see  Phil.  Mag.,  36.  261. 
1918. 

Kirchhoff's  Laws 

1.  At  any  point  in  a  circuit  there  is  as 
much  current  flowing  away  from  the  point 
as  there  is  flowing  to  it. 

2.  The  sum  of  the  several  IR  drops  around 
any  one  path  of  an  electric  circuit  equals  the 
sum  of  the  E.M.F.'s  impressed  on  the  same 
path. 

Elements  of  Elec.  Timbie.  1910. 

Croft,  "Practical  Electricity."  1917,  p.  138. 

Kohlrausch's  Law  of  the  Independent  Migration  of 
Ions 

By  adding  together  the  proper  ion-con- 
ductances one  can  obtain  the  An  value  for 
any  electrolyte. 


The  equivalent  conductance  of  a  binary 
electrolyte  is  equal  to  the  sum  of  two  values, 
one  of  which  depends  upon  the  cation,  and 
the  other  upon  the  anion. 

With  increasing  dilution  the  degree  of  dis- 
sociation, and  consequently  also  the  equiv- 
alent conductance  of  an  electrolyte  increases, 
until  complete  dissociation  and  the  cor- 
responding or  maximum  value  of  the  equiv- 
alent conductance  is  reached. 

Le  Blanc,  Textbook  of  Electrochemistry.  1907.  p.  90. 

Wied.  Ann..  B,  1,  1879. 

Wied.  Ann.,  gff,  213,  L885. 

\\ashburn.  Prin.  Phys.  Chem..  1910,  p.  2b. 

Kopp's  Law 

The  molecular  heats  of  all  solid  bodies  are 
equal  to  the  sum  of  the  molecular  heats  of 
the  elements  contained  in  them. 

Ganot,  p.  452,  1899. 

At  ordinary  temperatures  the  molal  heat 
capacity  of  a  solid  compound  is  approxi- 
mately equal  to  the  sum  of  the  atomic  heat 
capacities  of  its  constituents. 

Washburn,  Prin.  Phys.  Chem..  1915.  p.  260. 
Kundt's  Law 

On  approaching  an  absorption  band  from 
the  red  side  of  the  spectrum  the  refractive 
index  is  abnormally  increased  by  the  pres- 
ence of  the  band,  while  if  the  approach  is 
from  the  blue  side  the  index  is  abnormally 
decreased. 

Kundt's  Rule 

With  increasing  refractivity  of  the  solvent 
the  absorption  band  moves  toward  the  red  end 
of  the  spectrum,  if  the  statement  is  regarded 
as  a  rough  generalization. 

When  a  pure  substance  is  dissolved  in  an 
ionizing  solvent  the  absorption  center  moves 
toward  the  ultra-violet;  if  a  pure  substance 
is  dissolved  in  a  neutral,  non-ionizing  solvent, 
the  absorption  center  is  unaffected,  or  moves 
toward  the  red  end  of  the  spectrum. 

Wood,  Phys.  Op..  Chap.  V.  p.  96 
Xorthrup.  Laws  Phys.  Sci..  1917.  p.   1st. 

Kundt's  Theory 

If  one  colorless  solvent  has  a  distinctly 
greater  refractive  and  dispersive  power  than  a 
second  solvent,  then  on  dissolving  an  absorb- 
ing substance  in  the  two  the  absorption  bands 
will  lie  nearer  to  the  red  in  the  case  of  the 
first  solvent  than  they  do  in  the  case  of  the 
second. 

The  greater  number  of  facts  do  not  obey 
this    rule. 

Ann.  d.  Physik..  4.  34.  1878. 
Baly.  1912.  468. 
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Lambert's  Law 

Each  layer  of  equal  thickness  absorbs  an 
equal  fraction  of  the  light  which  traverses  it. 
[f  we  consider  layers  of  the  thickness  of  a 
single  molecule,  we  can  say  that  each  mole- 
cule absorbs  an  equal  fraction  of  the  light 
which  passes  by  it. 

Wood.  Phys.  Op.,  p.  4.17,  L913. 
Lambert's  Light  Law 

The  quantity  of  radiant  energy  emitted  in 
the  unit  of  time,  by  an  element  of  the  surface 
of  a  body,  in  any  given  direction,  is  propor- 
tional to  the  cosine  of  the  angle  between  this 
direction  and  the  normal  to  the  surface  of  the 
radiating  body. 

Jv  =  J  cos-p  where  J  is  total  quantity  of 
energy  emitted  normally  and  Jv  the  quantity 
emitted  in  the  direction  making  the  angle 
with  the  normal. 

Northrup.  Laws  of  Phys.  So.,  p.   182.  1917. 
Langevin  Theory  (Magnetism) 

The  molecular  circuits  of  the  older  theo- 
rists consist  of  electrons  revolving  in  closed 
orbits  within  the  molecule.  In  a  diamagnetic 
substance  each  molecule  contains  many  such 
orbits,  which  neutralize  each  other's  actions 
at  external  points,  owing  to  the  fact  that  the 
direction  of  revolution  is  different  in  different 
orbits.  In  a  paramagnetic  substance  the 
neutralization  is  not  perfect,  so  that  the 
molecule  as  a  whole  has  a  finite  magnetic 
moment.  The  diamagnetic  susceptibility  is 
due  to  the  changes  in  the  nature  of  the  orbits 
produced  by  the  magnetic  field.  The  para- 
magnetic susceptibility  is  due  to  the  orienta- 
tion of  those  molecules  which  have  a  finite 
magnetic  moment. 

Campbell.  Modern  Electrical  Theory,  p.  121-127    1913. 
Langley's  Bolometer 

An  electrical  resistance  thermometer. 

Am.  J.  Sci.,  (3)    !1,  LS7    1881 
Baly.  Spectroscopy.  1912.  p.  250. 

LeChatelier's  Law 

If  some  stress  (e.g.  change  of  temp.,  press. 
or  cone.)  is  brought  to  bear  on  a  system  in 
equilibrium,  the  equilibrium  is  displaced  in 
the  direction  which  tends  to  undo  the  effect 
of  the  stress. 

This  applies  to  all  systems  and  changes  of 
the  condition  of  equilibrium,  whether  phys- 
ical or  chemical. 

Findlay.  "Phase  Rule,"  1906,  p    58. 
Le  Chatelier 

Every  external  influence  arouses  in  a  chem- 
ical    equilibrium     system     opposing    forces, 


which,  after  tin-  ceasing  of  the  external  forces, 
stme  to  bring  it  back  to  its  original  condition. 

Schenck.  "Phys.  Chcm.  of  the  Metals."  1919,  p.  151. 
Findlay.  Phase  Rule,  1906,  p.  57. 

Leduc  and  Righi  Effect 

When  heat  flows  across  the  lines  of  mag- 
netic force  there  is  a  transverse  temperature 
gradient. 

Richardson.  Electron  Theory  of  Matter,  191  i.  p.  434. 
Leibnitz  Equation 

This  is  the  most  general  type  of  linear  equa- 
tion of  the  first  order  involving  y  and  its  deri- 
vatives onlv  in  the  first  degree. 
dy 


dx 


+Py=Q 


AVhere  P,  Q  are  either  constants,  or  func- 
tions of  X. 

Partington.    "Higher    Mathe: 


Lenz's  Law — 1834 

When  a  circuit  is  moved  in  a  magnetic 
field  in  such  a  way  that  a  change  takes  place 
in  the  number  of  lines  of  magnetic  induction 
passing  through  the  circuit,  a  current  is  in- 
duced in  the  circuit  and  a  mechanical  force 
is  set  up  such  that  this  force  tends  to  stop 
the  motion  which  gave  rise  to  the  current. 

Every  action  on  a  system,  which,  in  pro- 
ducing a  change  in  its  state,  involves  a  trans- 
formation of  energy,  sets  up  reactions  tending 
to  preserve  unchanged  the  configuration  of 
the  system. 

Thomson.  Elementary  Lessons  in  Elec.  and  Mag..  1918,  p. 
476. 

Aldous,  1900.  p.  763. 

Lent's  Law 

1.  The  distance  remaining  the  same,  a 
continuous  and  constant  current  does  not 
induce  any  current  in  an  adjacent  conductor. 

2.  A  current  at  the  moment  of  being 
started,  produces  in  an  adjacent  conductor 
an  inverse  current. 

:i  A  current  at  the  moment  it  ceases 
produces  a  direct  current. 

4.  A  current  which  is  removed  or  whose 
strength  diminishes,  gives  rise  to  a  direct 
induced  current. 

5.  A  current  which  is  approached,  or 
whose  strength  increases,  gives  rise  to  an 
inverse  induced  current. 

li.     The  Law — ■ 

If  the  relative  position  of  two  conductors 
.4  and  B  is  changed,  of  which  .4  is  traversed 
by  a  current,  a  current  is  induced  in  B  in  such 
a  direction  that,  by  its  electro-dynamic  action 
on  the  current  in  .4.  it  would  have  imparted 
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to  the  conductors  a  motion  of  the  contrary 
kind  to  that  by  which  the  inducing  action  was 
produced. 

Ganot,  p.  031,  1819. 
Lindemann's  Formula 

This  formula  is  used  for  determining  atomic 
heats.  It  is  a  modification  of  the  Einstein 
formula  for  Atomic  heats. 

Nernst's  Theoretical  Chem..  1911.  p.  172. 
Lissajous's  Figures 

Graphical  curves  of  simple  harmonic  mo- 
tions. 

Watson,  Gen.  Phys.,  1918.  p.  219. 
Lorentz  and  Fitzgerald  Hypothesis 

The  length  of  a  body  in  motion  relatively 
to  the  ether  measured  against  a  standard 
always  at  rest  relatively  to  the  ether  is  de- 
creased in  the  ration  1  jfi.  This  leads  to 
Einstein's  theory  of  Relativity. 

Campbell.  Mod.  Elec.  Theory,  1913.  p.  388. 
Lorenz-Lorentz  Relation 

n--l        1  .     , 

■>  i  f.X-Fi  =  constant  independent 
K-  +  2     D 

of  temperature. 

Where  D  =  density  of  the  medium 

n  =  index  of  refraction. 

Washburn.  Prin.  Phys.  Chem.,  1915.  p.  81. 
Lorentz-Thomson-Zeeman  Effect 

Since  the  nature  of  the  light  emitted  in  any 
direction  is  determined  by  the  vibrations  of 
the  electrons  in  a  plane  perpendicular  to  that 
direction,  an  observer  receiving  light  which 
is  traveling  along  the  direction  of  the  magnetic 
field  should  find  that  light  composed  of  two 
circularly  polarized  components  of  frequencies 
1"'±  (components  of  the  vibrations  along 
axes) ;  the  single  line  in  the  spectrum  which 
appeared  when  there  was  no  magnetic  field 
may  be  split  into  two  lines  circularly  polarized 
in  opposite  directions. 

Campbell,  Mod.  Electrical  Theory,  1913.  p.  147. 

Helium  is  the  only  substance  which  acts 
exactly  according  to  theory. 

Mariotte's  Law  (See  Boyle) — 1679 
Maxwell's  Law 

1.  Any  two  circuits  carrying  current  tend 
to  so  dispose  themselves  that  they  will  in- 
clude the  largest  possible  number  of  lines  of 
force  common  to  the  two. 

2.  Every  electromagnetic  system  tends  to 
change  its  configuration  so  that  the  exciting 
circuit  will  embrace  the  maximum  number  of 
lines  of  force  in  a  positive  direction. 

Croft,  "Practical  Electricity."  1917.  p.  144. 


Maxwell's  Distribution  Law 

In  a  system  consisting  of  elastic  spheres. 
i.e.  molecules  in  motion,  the  result  of  such 
motion  will  be  to  set  up  a  certain  state  such 
that  the  number  (dn)  of  spheres  having 
velocities  lying  between  v  and  (~  -\-dPv)  is 
given  by  the  relation 

,  4n       -  -,  j- 

a3\/jr 
Where  n  =  total  no.  spheres  in  system 
e  =  base  of  natural  log. 
a  =  constant. 
In  general  terms  this  solves  the  problem  of 
the  distribution  of  velocities  among  the  mole- 
cules of  a  gas. 

Lewis.  Phys.  Chem..  Vol..  1.  p.  2.  1916. 
Maxwell's  Law 

The  components  of  molecular  velocity  are 
distributed  amongst  the  molecules  according 
to  the  same  law  as  the  errors  are  distributed 
amongst  the  observations  in  the  theorv  of 
errors  of  observations. 

Preston.  Theory  of  Heat.  1904.  p.  72. 
Wien.  Ann.  d.  Physik,  58.  662,  1896. 

1.  The  velocity  of  the  molecules  of  a 
given  gas  is  proportional  to  the  square  root 
o:  the  absolute  temperature  of  the  gas. 

2.  Velocities  of  the  molecules  of  different 
gases,  at  the  same  temperature  are  inversely 
proportional  to  the  square  roots  of  the  den- 
sities of  these  gases. 


"  =  ^3g/?, 


Where  g  and  Ro  are  constants,  T  absolute 
temperature  and  5  the  density  of  the  gas. 

Northrup,  Laws  Phys.  Sci.,  1917.  p.  81. 
Meyer's  Viscosity  Equation 

77.=  r]0(\+at) 
Where  a  =  constant 

77  =  gaseous  viscosity 
t  =  temperature. 

Kaye  and  Laby.  1916.  p.  31. 
Michelson  Grating 

A  diffraction  grating  made  up  of  glass 
plates  laid  together  in  echelon. 

Baly.  Spectroscopy.  1912.  p.  190. 
Minkowski's  Theory 

This  states  that  time  by  itself  and  space 
by  itself  are  mere  shadows,  they  are  only  two 
aspects  of  a  single  and  indivisible  manner  of 
co-ordinating  the  facts  of  the  physical  world. 

Harrow,  From  Newton  to  Einstein.  1920,  p.  62. 
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Mitscherlich  Rule 

Isomorphous    substances    have    anal 
molecular  formulae — -not  infallible. 

Washburn,  Prin.  Phys.  Chcm..  1915,  p.  68. 
Moseley's  Laws 

Expresses  relationship  between  the  X-ray 
spectrum  and  the  order  of  an  clement  in  the 
periodic  table  as  follows:  the  wave-length  oi 
the  X-ray  is  inversely  proportional  to  (A'  — a)'2 
where  N  is  the  atomic  number  and  "a"  is  a 
constant. 

Kayt — "X-rays,"  1918,  p.  227. 
Nernst  Effect 

When  heat  flows  across  the  lines  of  mag- 
netic Eorce,  there  is  observed  an  electromotive 
force  in  the  mutually  perpendicular  direction. 

Richardson,  Electron  Theory  of  Matter.  1914,  p.  4:i4. 

Nernst  Heat  Theory 

Xaturwissenschaften.  ?,  883,  1919. 

Neumann's  Law 

With  chemical  compounds  of  the  same 
formula,  and  of  a  similar  chemical  constitu- 
tion, the  product  of  the  molecular  weight  into 
the  specific  heat  is  a  constant  quantity. 

Ganot.  p.  452.  art.  465.  1899. 
Preston,  Theory  of  Heat.  1904.  p.  296. 

Newton's  Law  of  Motion 

Every  body  continues  in  a  state  of  rest,  or 
of  uniform  motion  in  a  straight  line,  unless  it 
be  compelled  by  impressed  force  to  change 
that  state. 

Watson.  Gen.  Phys..  191S.  p.  14. 

The  momentum  possessed  by  a  moving 
body  is  proportional  to, the  mass  of  the  body 
and  the  velocity  with  which  it  is  moving. 

The  change  in  momentum  which  takes 
place  in  unit  time  is  proportional  to  the  im- 
pressed force,  and  takes  place  in  the  direction 
of  the  straight  line  in  which  the  force  acts. 

Watson,  Gen    Phj  s.,  mis,  p.  15. 
Newton's  Law 

The  rate  of  cooling  of  a  body  under  given 
conditions  is  proportional  to  the  temperature 
difference  between  the  body  and  its  surround- 
ings. 

Preston,  Theory  of  Heat,   I.  i     !  55  and  528. 

Ohm's  Law 

The  strength  of  the  electric  current  is  equal 
to  the  electromotive  force  divided  by  the 
resistance. 

E 


Ostwald's  Dilution  Law 

A-(  ' 


constant 


C  = 


R 


Where 


C  =  current 

£=EMF  of  cell 

R  =  resistance  of  circuit. 


Ao(Ao-A) 

A  =  conductance 

Ao  ^equivalent  conductance. 

urn,  Prin.  Phys.  Chem.,  1915,  p.  217. 
Pascal's  Law 

Pressure  exerted  anywhere  upon  a  mass  of 
liquid  is  transmitted"  undiminished  in  all 
directions,  and  acts  with  the  same  force  on 
all  equal  surfaces,  and  in  a  direction  at  right 
angles  to  those  surfaces. 

I  .  inot,  p.  91,  art.  97.  1899. 

Paschen's  Bolometer 

This  is  a  very  small  thermopile  with  a  triple 
junction  of  bismuth-cadmium,  silver  and 
cadmium-antimony,  so  suspended  that  a 
current  causes  rotation  in  a  magnetic  field 

Baly.  Spectroscopy,  1912.  p.  268. 

Paschen's  Law 

The  sparking  potential  between  elect: 
in  a  gas  depends  on  the  length  of  the  spark- 
gap  and  the  pressure  of  the  gas  in  such  a  way 
that  it  is  directly  proportional  to  the  mass  of 
gas  between  the  two  electrodes — or.  the 
sparking  potential  is  a  function  of  the  pres- 
sure times  the  density  of  the  gas. 


Thomson's  '  'Cond.  of  Ele<-.  through  Gases. 
J.  de  Physique,  6,  615,  1907. 
Wied.  Ann  ,  87,  p   7'',  1889. 


p.  451.  1906. 


Ganot,  p.  839 


Peltier  Effect 

If   the   current    is  sent   through   a   circuit 

consisting  of  two  different  metals,  heat  is 
generated  at  one  junction  and  absorbed  at 
the  other. 

When  a  current  flows  across  the  junction  of 
two  unlike  metals  it  gives  rise  to  an  absorp- 
tion or  liberation  of  heat.  If  the  current 
flows  in  the  same  direction  as  the  current  at 
the  hot  junction  in  a  thermoelectric  circuit 
of  the  two  metals,  heat  is  absorbed;  if  it 
flows  in  the  same  direction  as  the  current  at 
the  cold  junction  of  the  thermoelectric  cir- 
cuil  heat  is  liberated. 

The  heat  developed  at  a  junction  of  two 
metals  is  proportional  to  the  first  power  of 
the  current,  and  depends  on  the  direction  of 
the  current. 

Eccles,  191S.  Wireless  Teleg.  and  Teleph.,  p 
Thomson.  Elem.  Elec.  and  Mag..  1918.  p.  4451 
Eng'g.  /"■'<.  sofi.  1920. 

Campbell.  Mod.  Elec.  Theory.  1913.  p.  71. 
Ganot,  p.  1014,  art.  878 

Phase  Rule 

See  ( iibl  is'  Theory. 
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Phlogistic  Theory 

Refers  to  alterability  of  bodies  by  fire  and 
explains  the  facts  of  combustion.  All  com- 
bustible bodies  are  compounds,  so  must 
contain  at  least  two  constitutents,  one  escapes 
during  combust:on  and  the  other  remains. 

Stahl  decided  that  there  was  only  one 
principle  of  combustibility  and  called  it 
phlogiston,  meaning  burnt. 

Roscoe  and  Schorlemmer.  191  1,  (I),  p.  14. 
Pickering  Formula  — 1896 

Formula  (a  modified  Balmer's  formula) 
including  both  of  the  series  of  hydrogen  lines, 
that  of  Balmer  as  well  as  his  own. 


:  — 1032 


X  =  4050 


Piezo  Effect 

When  certain  crystals  arc  compressed  be- 
tween parallel  planes,  which  are  at  right 
angles  to  particular  axes,  opposite  ends  of 
these  axes  become  oppositely  electrified 
This  is  known  as  piezo-electricity. 

Love,  Mathematical  Theory  of  Elasticity,  1920.  p.  147. 
Liebisch,  Physikalische  Krystallographie.  Leipzig,  1891. 
Mascart,    Lecons   sur   l'electricite   et   le    magnetisme,   t.    1. 
Paris,  1896. 

Piezo  Effect 

Piezo  electric  effect  is  an  electro-elastic 
property  of  certain  crystals  by  means  of 
which  mechanical  energy  may  be  converted 
into  electrical  energy  and  vice  versa. 

Pinch  Effect 

When  an  electric  current,  either  direct  or 
alternating,  passes  through  a  liquid  conductor, 
that  conductor  tends  to  contract  in  cross- 
section,  due  to  electromagnetic  forces.  This 
contracting  force  is  small  for  relatively  low 
current  densities,  but  is  quite  large  when 
they  become  greater,  large  enough  to  contract 
it  to  zero,  that  is,  to  rupture  the  circuit. 
This  contraction  is  apt  to  form  locally  at 
some  particular  spot;  it  acts  like  the  tearing 
of  a  rope  at  its  weakest  part;  it  forms  a  de- 
pression in  the  channel  of  molten  material; 
it  has  the  appearance  of  the  liquid  being 
pinched  by  an  invisible  force.  Into  this  de- 
pression the  floating,  solid,  infusible  materials 
are  apt  to  fall,  thereby  tending  to  prevent  a 
reunion  of  the  liquid,  and  cause  a  consequent 
freezing  of  the  charge  before  the  obstacle  can 
be  removed. 

Hering,  Trans.  Am.  Electrochem.  Soc,  15,  255,  1909. 


Planck's  Formula  for  Emissive  Power  of  a  Particu- 
lar Wave-length  X 

£x  =  C\-5/(eVX(,-i) 

Where 

( '  =  .353  erg  cms  sec-1 

a=  1.445  cm.  deg. 

e  =  thc  base  of  the  Napierian  logs 

Planck's  Special  Distribution  Formula 

["-£] 

Where 

/  =  energy   corresponding  to  wave- 
length X 

T  =  Abs.  temp. 

e  =base  of  natural  logarithms 
CL  and  C2  =  constants. 


Poisson's  Coefficient 

Longitudinal  stretching  is  accompanied  by 
a  lateral  contraction,  and  the  ratio  of  the 
contraction  to  the  proportional  stretching  is 
known  as  Poisson's  coefficient.  It  varies 
from  0  to  0.5. 

Ganot.  p.  81.,  1899. 

Poisson's  Integral  Formula 

Lord  Raleigh's  Scientific  Papers,  Vol.  5.  p.  193. 

Poisson  Theory 

Electrical  phenomena  arc  attributable  to 
two  fluids  which  are  contained  i'l  all  material 
bodies.  Molecules  of  each  fluid  repel  each 
other  and  attract  the  molecules  of  the  other. 
The  forces  obey  the  law  of  the  inverse  square 
of  the  distance.  At  the  same  distance  the 
attractive  power  is  equal  to  the  repellant. 
When  a  body  contains  equal  quantities  of  2 
fluids  they  neutralize  each  other  and  no 
electrical  effects  are  discernible. 

Whittaker.  History  of  Theories  of  Aether  and  Electricity. 

1910.  p.  59. 

Poynting's  Law 

When  a  conductor  carrying  a  current  is  in 
an  electrostatic  field,  the  transfer  of  energy 
takes  place  through  the  dielectric  along  paths 
which  are  the  intersections  of  the  equi-pcter- 
tial  surfaces  of  the  electrostatic  field  with  the 
equi-potential  surfaces  of  the  electromagnetir 
field  due  to  the  current. 

Northrup.  Laws  of  Phys.  Sci.,  1917.  p.  161. 
Poynting's  Theory 

The  velocity  with  which  waves  of  longi- 
tudinal disturbance  travel  in  the  air  or  in  any 
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other  fluid  can  he  calculated  from  the  resist- 
ance to  compression  and  extension  and  the 
density  of  the  fluid. 
Equation  is 

X  =  (E-r0Ui)  {dy  dx) 
Where 

A' =  external  pressure 

U  =  resultant  relative  velocity  of  propa- 
gation 

E  =  elasticity 

-p-  =  volume  change 

dx 

ra  =  density. 

Abbott.  Phys.  Rev.  10,  486.  1920. 
Prevost's  Law  of  Exchanges 

A  body  is  continually  radiating  energy  in 
every  direction  and  absorbing  that  which 
falls  on  it. 

Aldous,  Elem.  Course  of  Phys..  1900.  p.  406. 
Prout's  Hypothesis 

According  to  this  chemical  elements  were 
in  reality  all  composed  of  hydrogen,  basing 
supposition  on  the  figures  for  atomic  weights 
adopted  at  that  time  (1815)  which  were  in 
most  cases  whole  numbers.  Hypothesis  has 
not  been  confirmed  although  of  83  elements 
in  tables,  43  have  atomic  weights  within  .1 
of  a  unit  of  an  integral  number.  The  proba- 
bility of  such  a  condition  being  fortuitous  is 
20,000  millions  to  one. 

Roscoe  and  Schorlemmer  (II).  1913,  p.  43. 
Ptolemy's  Law 

If  a  ray  of  light  passes  from  A  to  B,  striking 
some  point  of  a  plane  reflecting  surface  in  its 
course,  and  being  reflected  to  B,  there  is  no 
path  from  A  to  B,  via  any  point  of  the  mirror 
so  short  as  that  actually  traversed  by  the  ray, 
under  the  law  of  reflection. 

Daniell's  Prin.  of  Physics.  1895.  p.  133. 
Purkinji  Effect 

Colors  appear  more  saturated  at  low  than 
at  high  intensities  of  illumination.  Intensity 
of  sensation  is  a  function  of  the  luminous 
intensity  which  differs  with  the  kind  of  light, 
that  is,  the  intensity  increases  and  decreases 
more  slowly  for  the  blue  than  for  the  red,  for 
the  same  variation  of  objective  luminous 
intensity. 

If  two  sources  of  light,  one  red  and  one 
blue,  aopear  equal  at  a  certain  intensity, 
they  will  not  remain  equal  if  the  intensities 
of  both  sources  be  changed  in  the  same  ratio. 

'Photometry"  by  Palaz.  p.  77.  1896. 


Pyro-EIectricity 

When  certain  crystals  are  undergoing 
changes  of  temperature,  opposite  ends  of 
particular  axes  become  oppositely  electrified. 

Ramsden  Eyepiece 

An  eyepiece  for  spectroscopic  work  con- 
sisting of  two  plano-convex  lenses  placed 
convex  sides  towards  one  another. 

Baly.  Spectroscopy,  1912.  p.  111. 
Rankine-Froude 

Momentum  theory. 

Aviation.  «,  153,  1920. 
Raoult's  Law  of  Vapor  Pressure  Lowering 

The  relative  lowering  of  the  vapor  pressure 
of  a  solvent  which  occurs  when  a  solute  is 
dissolved  in  it  to  form  a  dilute  solution  is 
equal  to  the  mole  fraction  of  the  solute  in  the 
resulting  solution. 

Washburn.  Prin.  Phys.  Chem..  1913,  p.  148. 
Reaumur's  Scale 

This  is  similar  to  centigrade  with  space 
divided  into  80  divisions  instead  of  100.  One 
degree  Reaumur  is  equal  to  5  4  of  a  degree 
centigrade. 

Ganot.  p.  293.  1899. 
Richardson's  Effect 

There  is  a  current  of  negative  electricity, 
increasing  rapidly  with  the  temperature, 
flowing  from  all  metallic  conductors  at  a 
temperature  of  more  than  1000CC  to  sur- 
rounding conductors,  even  if  the  intervening 
space  is  completely  vacuous.  Knowledge  of 
the  existence  of  this  current  is  chiefly  due 
to  Richardson.  The  study  of  this  subject 
is  given  the  name  of  thermionics. 

Campbell,  Modern  Electrical  Theory.  1913,  p.  *2. 
Righi  Effect 

When  heat  flows  across  the  lines  of  magnetic 
force  there  is  a  transverse  temperature 
gradient. 

Richardson.  Electron  Theory  of  Matter.  1914.  p.  434. 
Righi  Effect 

See  Kerr. 

Rotation  of  plane  of  polarized  light  in 
magnetic  field.  Righi  has  shown  that  re- 
flected light  is  not  quite  plane  polarized  but 
is  elliptically  polarized,  the  axes  of  the  ellipse 
being  of  very  unequal  magnitude.  The 
amount  of  rotation  depends  on  the  nature  of 
the  light,  the  longer  the  wave-length  the 
greater  the  rotation. 

Ann.  de  Chimie  et  Physique,  (6)  4,  433.  1885;  $.  65.  1SS6; 
10.  800.  1887. 

Thomson,  Recent  Res.  Elec.   Mag.,  1893.  p.  483-484. 
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Ritz's  Formula 

General  equation  for  lines  of  all  substances 
giving  a  spectral  scries. 

i        i  x 

and  ./ 


•  =  A/of  -; ;,  I  where  p 


are  the  roots  of  certain  transcendental  equa- 
tions and  No  is  a  constant. 

This  formula  may  be  used  to  derive  new- 
series  of  lines  from  the  known  spectral  series 
of  an  element. 

A' 


n  =  A- 


[m  +  a  +  BiA-n)]1 


Balv.  Spectroscopy,  1912.  p.  594. 
Phys.  Zeit..  i,  406,  1903. 
Ann.  d.  Physik..  IS,  264.  1903. 

Rydberg  Formula 

For  series  spectral  lines. 
Xo 


X  = 


■9  + 


X  CO 


V    7    )  \m+n) 

Trans.  Rov.  Swedish  Acad..  Vol.  .'3.  No.  11.  1890.  Full 
description. 

Baly.  1912.  p.  606. 

Rydberg — Thiele  Formula 

See  Halm's  Formula. 

Schuman's  Emulsion 

A  special  silver  bromide  emulsion  which 
when  applied  to  a  plate  very  thin,  is  sensitive 
to  the  extreme  ultra-violet  up  to  X  =  1200 
tenth  meters. 

Wien.  Ber..  102,  II,  A994,    1893 

Baly,  Spectroscopy,  1912.  p.  374. 

Seebeck— 1821 

If  a  circuit  consists  of  two  metals,  one  junc- 
tion hotter  than  the  other,  a  current  flows  in 
the  circuit.  The  direction  of  the  flow  depends 
on  the  metals  and  the  temperature  of  the 
junctions. 

Pidduck,  • 'Treatise  on  Electricity."  1916.  p.  204. 
Seebeck  Effect— 1821 

When  two  wires  of  different  materials  are 
twisted  or  soldered  together  at  their  ends  so 
as  to  form  a  complete  circuit  and  one  of  the 
junctions  is  heated,  an  electric  current  flows 
in  the  circuit.  If  the  junction  is  cooled,  a 
current  flows,  but  in  the  reverse  direction. 

Aldous,  "Course  in  Physics."  1900.  p.  794. 
Sine  Law — 1621 

See  Snell's  Law. 

Snell's  Law  -1621 

1.  When  light  passes  from  one  medium  to 
another,  the  incident  ray,  the  normal  to  the 
surface  at  the  point  of  incidence,  and  the 
refracted  ray  are  all  in  the  same  plane. 


'2.  The  sine  of  the  angle  of  incidence  bears 
to  the  sine  of  the  angle  of  refraction  a  rain. 
which  is  constant  for  the  same  two  media, 
and  depends  only  on  the  nature  of  those 
media. 

Sin  i  . 

^r. —  =  u,  index  of  refraction 

Sin  r 

i  =  angle  incidence 
r  =  angle  refraction. 

Aldous.  p.  529,  L900. 
Sollas  Theory 

Valency  volume  theory. 
Atomic  structure  of  salts. 
See  Barlow  and  Pope. 

Roscoe  and  Schorlemmer.  p    222.  II.   1913. 


Stark  Effect 

A  change  occurs  in  the  number  of  spectral 
lines  when  the  emission  takes  place  in  a 
strong  electric  field.  The  phenomena  are 
different  for  different  lines  and  the  observed 
effects  depend  upon  the  geometrical  relation 
between  the  direction  of  emission  and  the 
direction  of  the  electric  field.  WThen  the  lines 
H a  and  H$  are  under  observation  in  a  direc- 
tion perpendicular  to  the  electric  field,  it  is 
found  that  five  lines  appear  instead  of  each 
original  line.  When  the  radiation  is  observed 
in  the  direction  of  the  electric  field  three 
evenly  spaced  lines  appear  which  are  un- 
polarized. 

Phvsik.  Zeit.  e.  892,  1905. 

Ric'hardson,  Electron  Theory  of  Matter,  1914.  p.  534. 

Ann.  der  Physik.  !,S.  96.").  1914. 

Ann.  der  Phvsik.    ;.i.  983,   L914 

Ann.  der  Physik.   ',.i.  991,  1914. 

Ann.  der  Phvsik.  4S,  1017.  1914. 

Ann.  der  Physik,  :i    151,  1906 

Stefan's  Law 

The  total  radiation  of  any  body  is  propor- 
tional to  the  fourth  power  of  its  absolute 
temperature. 

Preston.  Theory  of  Heat.  1904,  p    590 
Watson.  Gen.  Phys..  1918,  p.  365. 

Stefan's  Law 

The  total  radiant  energy  emission  from 
bodies  varies  as  the  fourth  power  of  tin- 
absolute  temperature,  i.e.,  the  energy  per 
unit  volume,  in  vacuo,  of  the  radiation  in 
equilibrium  in  an  enclosure  at  the  absolute 
temperature  T.  is  equal  to  a  universal  con- 
stant A  multiplied  by  the  fourth  power  of  the 
absolute  temperature 

L=AT4 

Richardson.  Electron  Theory  of  Matter.  1914.  p.  334. 
Wiener,  Ber.  79.  391,  1879. 
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Stefan-Boltzmann 

The  energy   radiated    in   unit    time   by   a 
black-bodj     is    proportional    to    the    fourth 
power  <  >i  the  absolute  temperature. 
E  =  K(J*-T<?) 

Where  E  =  total  energy  radiated  by  the 
body  at  absolute  temperature  /  t'>  the  walls 
of  an  enclosure  at  absolute  temperature  7',, 
and  A'  is  a  constant. 

596,  1904 


I'm  . inn.  Theory  of  Heat.  r. 

Northrup,  Law,  P 

u  ied     \:  n.,63     19  i,   I89i 


1917,  p.  kit 


Stoke's  Formula 

For  determining  volume  of  single  drop — 
derived  from  the  velocity  of  fall  of  a  minute 
spherical  body  in  terms  of  its  radius,  /-,  and 
viscosity  7}  of  the  medium  in  which  it  falls. 
The  formula  is 

2    e,  r- 

Where  u  =  velocity  of  fall  of  the  body 
g  =  acceleration  due  to  gravity. 


Stoke's  Law 


9tj 


«7-p) 


77  =  viscosity  of  medium 
a  =  radius 
a  =  density  of  drop 
p  =  density  of  medium. 

Millikan.  "Electron, "  p.  88.  1917. 
Wood.  Phvs.  Op.,  p.  559,  1913. 
Houstoun,  Treatise  on  Light.  1915,  p.  257. 

Sutherland  Formula  for  Gaseous  Viscosity 


T?t  =  r?0- 


273+C 


(273) 


e+c 

Where    d  =  Absolute  temp. 

C  =  Sutherland's  constant 
7]  =  gaseous  viscosity 
t  =  temperature 
Formula  holds  for  temperatures  above  the 
critical  and  for  pressures  such   that   Boyle's 
law  is  approximately  obeyed. 

v 

Where  K  is  a  constant. 

Fisher.  Phys.  Rev..  1907,  1909. 
Kave  and  Laby.  1916.  p.  31. 
Phil.  Mag.,  SI,  1S93. 

Taylor's  Theorem 

Determines  the  law  for  the  expansion  of  a 
sum  or  difference  of  two  variables  in  terms  of 
a  series  of  ascending  powers  of  one  variable. 

Partington.    "Higher    Mathematics  for  Chem.   Students," 


Thomson  Effect 

The  phenomenon  of  the  appearance  or 
disappearance  of  heat  when  a  current  flows 
from  a  cold  towards  a  hot  part  of  a  conductor. 
In  unequally  heated  copper,  heat  is  liberated 
at  a  point  when  the  current  and  the  heat 
flow  in  the  same  direction,  and  is  absorbed 
when  they  flow  in  opposite  directions. 

When  an  electric  current  flows  along  an 
unequally  heated  metallic  conductor  it  tends, 
in  the  case  of  copper,  to  diminish  the  in- 
equality of  temperature  and  in  the  case  of 
iron  to  increase  this  inequality. 

If  a  current  is  passed  through  a  uniform, 
homogeneous  conductor  in  which  a  temper- 
ature gradient  exists,  heat  will  be  generated 
on  one  side  of  the  heat  maximum  and  ab- 
sorbed on  the  other.  On  which  side  the  heat 
is  generated  depends  on  the  direction  of  the 
current  and  on  the  material  of  the  conductor. 

Eccles.  Wireless  Teleg.  and  Teleph..  1918. 
Watson.  Gen.  Physics.  1918.  p.  534. 
Worthing.  Phys.  Rev.  N.  S.,  Vol.  .!.  44."..  1915 
Thomson.  Elements  Ele.-.  and  Mag..  1918.  p.  454. 
Ganot,  p.  1016.  1899. 
Eng'g.  109.  80(i.  L920. 

Trautz 

The  intensity  of  the  light  emitted  is  pro- 
portional to  the  velocity  of  reaction.  Many 
reactions  are  accompanied  by  light  phe- 
nomena if  a  high  velocity  of  reaction  is 
assured. 

Zeit.  f.  Elektrochemie.  p.  534.  1908. 
Trouton's  Law 

For  different  liquids  the  latent  heat  mul- 
tiplied by  the  molecular  weight  is  approxi- 
mately proportional  to  the  absolute  temper- 
ature. The  molecular  latent  heat  is  pro- 
portional to  the  absolute  temperature. 

Preston,  Theory  of  Heat.  p.  391.  1914. 
Tyndall's  Phenomena 

If  a  beam  of  light  enters  a  darkened  room 
in  wdiich  dust  particles  are  floating,  its  path 
is  rendered  evident  by  the  scattering  of  the 
light  at  the  surface  of  the  particles;  each  one 
of  these  appears  as  a  bright  moving  speck. 
This  effect  is  used  to  detect  colloidal  solu- 
tions. The  light  wdiich  is  scattered  is  partly 
polarized. 

Philips'  Phys.  Chem..  1915.  p.  192. 
Van  der  Waal's  Equation 

Modification  of  simple  gas  equation 
pv  =  RT   applicable    only    to    a    perfect    gas. 


0+") 


-b)  =  RT 

\\  here 

-.,  =  effect    of   mutual    attraction   of  molecules 
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and  b  =  volume  of  gas  when    compressed    to 
the  utmost  possible  extent. 
•  p  =  pressure 

v  =  volume 

T  =  absolute  T 

R  =  constant  depending  on  gas  taken 

1'  =  Molecular  vol.  of  all  gases  22.425  litres 
at  ()°C.  and  760  mm. 


Van't  Hoff' s  Law 

.  When  the  temperature  of  a  system  in 
equilibrium  is  raised,  the  equilibrium  point 
is  displaced  in  the  direction  which  absorbs 
heat. 

Pindlay,  "Phase  Rule,"  1906.  p.  57. 
Verdet's  Constant 

In  the  rotation  of  light  in  a  magnetic  field 
the  direction  of  rotation  is  determined  by  the 
nature  of  the  medium  and  the  direction  of 
transmission,  and  is  proportional  to  the  dif- 
ference of  magnetic  potential  between  the 
points  where  the  ray  enters  and  leaves  the 
medium. 

Q  =  rHl 
where 

9  =  rotation  of  beam  of  light  in  minutes 
r  =  Verdet's  constant 
H  =  strength  of  magnetic  field  in  gausses 
/  =  length  of  path  transversed  in  cms. 
r  is  proportional  to  the  square  of  the  wave- 
length. 

Preston's  Theory  of  Light,  1901,  p.  433. 
Voigt  Effect 

The  displacement  of  the  outer  components 
of  the  Zeeman  triplets  plotted  against  the 
strength  of  the  magnetic  field  is  represented 
by  a  hyperbola,  approximating  asymptoti- 
cally to  a  straight  line  in  strong  fields. 

Baly,  Spectroscopy,  1912,  p.  ">.">6. 
Volta  Effect 

When  two  metals  arc  placed  in  contact 
with  one  another  in  the  air,  one  becomes 
positive  and  the  other  negative,  though  the 
charges  are  feeble. 

Elcm.   Lessons  in  Elec.  and   Mag.,  S.   P.  Thompson.  1918. 
p.  14. 

Bridgeman.  Phys.  Rev.  14,  406.  1919. 

Von  Ettingshausen's  Effect 

When  an  electric  current  flows  across  the 
lines  of  force  of  a  magnetic  field  an  electro- 
motive force  is  observed  which  is  at  right 
angles  to  both  the  primary  current  and  the 
magnetic  field.     A   temperature  gradient  is 


observed  which  has  the  opposite  direction  to 
the  Hall  electromotive  f< 

Richardson.  Elcc.  Theorj  ol  Matter,  1914,  p.  134. 
Von  Veimarn's  Law 

The  degree  of  dispersion  and  the  general 
physical  appearance  of  crystalline  precipi- 
tates arc  always  the  same  irrespective  of  the 
chemical  nature  of  these  precipitates,  pro- 
vided that  the  precipitation  takes  place  under 
corresponding  conditions.  This  is  the  law 
of  corresponding  states  for  the  crystallization 
process. 

Washburn.  Prin.  Phys.  (hem.,  1915,  p.  36S. 
Wave  Theory  of  Light 

See  Huygens's. 

Weber's  Theory  of  Magnetism 

Thinks  that  iron  and  steel  individual 
molecules  are  minute  magnets  each  with  a 
N-pole  and  a  S-polc.  When  iron  is  unmag- 
netized  the  molecules  are  arranged  at  random, 
there  being  on  the  average  equal  numbers  of 
molecules  facing  in  all  directions.  When  iron 
is  magnetized,  the  molecules  are  twisted 
round  more  or  less,  so  that  a  large  number  face 
in  the  same  or  nearly  the  same  direction. 

Aldous.  p.  635.  1900. 
Wehnelt  Electrode 

Platinum  foil  covered  with  calcium,  stron- 
tium or  barium  oxide  for  use  as  cathode  in  a 
vacuum  tube. 

Phys.  Zeit.,  6,  690,   1905 

Baly,  Spectroscopy.  1912.  p.  436 

Weinstein  Formula 

For  determining  inductance  of  coils  in  high 
frequency  electrical  measurement  3. 


Weiss  on  Paramagnetic  Atoms-magnetons 

Molecules  of  paramagnetic  substances  dif- 
fer, not  in  the  nature  of  the  uncompensated 
electronic  orbits  which  they  contain,  but 
simply  in  the  number  of  such  circuits,  which 
are  always  of  the  same  nature.  An  uncom- 
pensated electronic  orbit  having  the  moment 
"B"  is  called  by  Weiss  a  "magneton."  It 
may  be  represented  by  an  electron  revolving 
in  an  orbit  of  radius  10_s  cm.  with  a  period 
of  about  10"14  sec.  B  =  16.4  X  IfT22 .  c. 

Campbell,  Mod.  Electrical  Theory.  1913,  p.  12S. 

The  magnetic  properties  of  substances 
arise  from  the  presence  of  an  ultimate  unit, 
the  "magneton,"  in  the  atoms  of  the  sub- 
stance. The  same  substance  may  contain 
different  numbers  of  magnetons  at  different 
temperatures. 

Richardson,  Electron  Theory  of  Matter,  1914,  p.  394. 
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Werner's  Theory 

An  atom  possesses  two  kinds  of  valency, 
viz..  principal  valency,  which  is  concerned 
with  the  combination  of  atoms  or  radicals 
which  can  exist  as  ions,  or  are  equivalent  to 
ions,  and  supplementary  valency,  which  is 
concerned  with  the  combination  of  radicals 
which  cannot  exist  as  ions. 

(II).  p.  37.  191.-!. 


Wiedemann  and  Franz 

At  any  temperature  the  ratio  of  the  thermal 
conductivity  of  a  body  to  its  ohmic  conduc- 
tivity is  approximately  the  same  for  all  metals, 
and  the  value  of  the  ratio  is  proportional  to 
the  absolute  temperature. 

Whittaker.  "History  of  Theories  of  Aether  and  Elcctr. 
1910.  p.  4.">7. 

Wiedemann  Effect 

Action   of   ultra-violet   light   on   air   space 
between  conductors  and  cathode. 
See  Hertz  Effect. 

Recent.  Res.  Elec.  and  Mag..  Thomson    ,     58    189  I 
Wied.  Ann..  S3.  241.  1888. 

Wien's  Law 

The  relation  expressed  by  the  following 
equation 

X,„  T  =  a  constant 
where 

X,„  =  wave-length    corresponding    to    the 
maximum    of    the    energy    curve    of 
radiation 
T  =  absolute  temp. 
is  known  as  Wien's  law. 

Watson,  Gen.  Phys.  1":  -    ;      16 

Wien      Radiation  Formula 

Weid.  Ann..  ..■ 

Willans  Law 

When  the  total  steam  consumption  at  dif- 
ferent loads  is  plotted  as  ordinates,  the  loads 
being  abscissae,  the  result  is  a  straight  in- 
clined line  cutting  the  axis  of  ordinates  at 
some  distance  above  the  origin  of  co-ordinates, 
this  distance  representing  the  steam  con- 
sumption due  to  cylinder  condensation  at 
zero  load. 

Km;.  Mechanical  Engineers  Pocketbook,  1916.  p.  991. 
Wilson  Nuclei 

Compound     molecules    with     constitution 

//4Cj.  H60z,  HsOu  found  in  steam. 

Eng'g.  (L)  108,  483,  [919. 


Young's  Dynamical  Theory  of  Light  in  Crystals 

An  impulse  is  propagated  through  every 
perpendicular  section  of  a  lamellar  elastic 
substance  in  the  form  of  an  elliptic  undulation. 

Whittaker,  "Histon  ol  Theories  of  Aether  and  Eleetri 
111. 

Young's  Modulus 

The    force   which    would    be    required 
stretch  a  body  of  unit  cross-section  to  double 
its  length  if  such  lay  within  the  elastic  limit. 
It  is  a  constant  for  any  one  material. 


where 


L  =  length  of  body 
(7  =  area  of  cross-section 
F  =  stretching  force  applied 
c  =  total  elongation  produced  by  F. 


Young's  Theory  of  Light 

See  Huygens's. 

Zeeman  Effect 

Sodium  lines  are  broadened  slightly  when 
the  flame  is  placed  between  the  poles  of  a 
powerful  electromagnet  and  the  edges  of  the 
broadened  line  show  traces  of  circular  or 
plane  polarization  depending  on  whether  the 
observation  is  made  along  or  at  right  angles 
to  the  lines  of  magnetic  force. 

Pidduck,  ■'Treatise  on  Electricity."  1910.  p.  621. 
Zeeman  Effect  — 1896 

When  a  source  of  monochromatic  radiation 
is  placed  in  a  strong  magnetic  field  the  lines 
of  the  spectrum  are  widened  and  many 
spectral  lines  may  be  broken  up  into  multiple 
lines. 

When  the  spectral  lines  are  observed  in  the 
direction  of  the  magnetic  field,  the  compo- 
nents of  lower  frequency  exhibit  right-handed, 
and  those  of  higher  frequency  left-handed, 
polarization,  showing  that  the  vibrators  arc 
negatively  charged. 

When  the  light  is  examined  in  a  direction 
perpendicular  to  the  lines  of  force,  the  edges 
are  found  to  be  plane-polarized,  from  which 
the  conclusion  may  be  drawn  that  with  a 
sufficiently  strong  field  the  line  will  appear 
triple.  The  two  outer  components  are  polar- 
ized with  their  vibration  directions  perpen- 
dicular to  the  lines  of  force,  while  the  central 
component  vibrates  along  the  lines  of  force. 

Houstoun,  Treatise  on  Light.  191.1.  p 


279 


LIBRARY  SECTION 

Condensed  references  to  some  of  the  more  important  articles  in  the  tech- 
nical press,  as  selected  by  the  G-E  Main  Library,  will  be  listed  in  this  section 
each  month.  New  books  of  interest  to  the  industry  will  also  be  listed.  In 
special  cases,  where  copy  ot  an  article  is  wanted  which  cannot  be  obtained 
through  regular  channels  or  local  libraries,  we  will  suggest  other  sources  on 
application. 


Arc  Welding 

Progress  of  Welding  in  the  Shipyards.  Bonner, 
William  T. 

Mar.  Engng.,  Jan.,  1921;  v.  26,  pp.  57-65. 

(In  the  main,  a  summary  of  progress  in  the  art. 
Includes  table  showing  record  of  arc  welding  work 
of  the  Bethlehem  Shipbuilding  Corporation,  Ltd.) 

Balancing 

Martin  Rotor  Balancing  Apparatus. 
Engng.     (Lond.),     Dec.    31,     1920;    v.     110,     pp. 
864-865. 

(Illustrated  description  of  a  British  apparatus.) 

C»rona 

Determining  Corona  Voltages  for  Actual  Lines. 
Peek,  Jr.,  F.  W. 

Elec.  Wld.,  Dec.  25,  1920;  v.  76,  pp.  1258-1259. 

Eddy  Currents 

Simple  Theory  for  Arriving  at  the  Additional 
Lossei  in  Slot  Conductors  of  Alternating  Current 
Machinery.      Pohl,  Dr.  Robert.      (In  German.) 

Elek.  Zeit.,  Nov.  18,  1920;  v.  41,  pp.  908-910. 

(Simplifies  the  formula  derived  bv  A.  B.  Field  and 
published  in  the  A.I.E.E.  Prec.'july,  1905;  pp. 
659-686.) 

Electric  Cables 

Maximum  Allowable  Working  Voltages  in  Cables. 
Davis,  Charles  W.,  and  Simons,  Donald  M. 

A.I.E.E.  Jour.,  Jan.,  1921;  v.  40,  pp.  12-22. 

(Includes  tabulated  data  of  maximum  voltage 
stress  in  various  cables.) 

Research  on  the  Heating  of  Buried  Cables. 

Elec'n.  (Lond.),  Dec.  24,  1920;  v.  85,  pp. 
738-742. 

(Abstract  of  technical  report  presented  to 
I.E.E.) 

Electric  Condensers 

On  Electrostatic  Transformers  and  Coupling 
Coefficients.     Blake,  F.  C. 

A.I.E.E.  Jour.,  Jan.,  1921;  v.  40,  pp.  23-29. 

(Mathematical  paper  on  the  theory  of  condenser 
phenomena.) 

Electric  Conductors 

Use  of  Aluminum  for  Electric  Lines.    (In  French.) 
Genie  Civil,  Dec.  18,  1920;  v.  77,  pp.  509-511. 
( Condensed  account  of  the  properties  of  aluminum 

as  they  affect  its  use  in  transmission  lines.) 

Electric  Drive — Rubber  Mills 

Application  of  Electric  Power  to  the  Rubber 
Industry. 

A.I.E.E.  Jour.,  Jan.,  1921;  v.  40,  pp.  35-47. 

(Report  of  A.I.E.E.  Sub-committee  of  the 
Industrial  and  Domestic  Power  Committee  on  the 
Rubber  Industry.) 


Electric  Drive — Steel  Mills 

Slip  Regulators  vs.  Notchbacks.    Gage,  Gordon. 

Assoc.  Ir.  &  St.  Elec.  Engrs.,  Dec,  1920;  v.  2, 
pp.  11-19. 

(Gives  the  results  of  experiments  on  control  of  a 
1500-h.p.  wound-rotor  induction  motor  in  a  steel 
mill.) 

Electric  Drive — Textile  Mills 

Power  Applications  to  Cotton-finishing  Plants. 
Loeb,  Leo. 

Mech.  Engng.,  Jan.,  1921;  v.  43,  pp.  5-8. 

(Analysis  of  the  generation  of  power  and  it« 
application.) 

Electric  Locomotives 

On  Vibrations  in  Electric  Locomotives  Provided 
with  the  Crank  Drive.     (In  German.) 

Elek.  Zeit.,  Dec.  9,  1920;  v.  41,  pp.  976-979. 

(Discusses  the  general  theory  of  such  vibrations 
and  methods  of  prevention.) 

Electric  Meters 

Wattless  Power  Meter.  Haase,  Paul.  (In  Ger- 
man.) 

Trua,  Dec.  15,  1920;  v.  2,  pp.  90-92. 

(Describes  and  illustrates  a  new  meter  which, 
when  used  with  the  usual  watthour  meter,  shows 
the  amount  of  reactive  power  used.) 

Electric  Motors,  Induction — Slip 

Liquid  Slip  Regulator.      Scott,  Guy  F. 
Elec.  Jour.,  Jan.,  1921;  v.  18,  pp.  37-38. 

Electric  Transformers 

Factors  in  Selecting  Transformers  for  Various 
Services.     Hollister,  V.  L. 

Elec.  Rev.  (Chgo.),  Dec.  18,  1920;  v.  77,  pp. 
951-954. 

Electrical  Machinery — Temperature 

Allowable  Temperature  Rise  for  Motors.  Phillips, 
H.  M. 

Power,  Jan.  11,  1921;  v.  53,  pp.  62-65. 

Electricity — Rates 

Question  of  Charges  for  Reactive  Power. 
Scoumanne,  F.      (In  French.) 

Revue  Gen.  de  1'Elec,  Jan.  1,  1921;  v.  9,  pp. 
14-23.  .  ,     .       , 

(Concerned  with  the  theory  of  various  methods  ot 
charging  the  consumer  for  wattless  power.     Serial.) 

Sale  of  Electric  Energy  on  the  Basis  of  Power- 
factor  of  the  Subscriber's  Load.  Bargeton,  P.,  and 
Genkin,  V.      (In  French.) 

Revue  Gen.  de  l'Elec,  Dec.  18,  1920;  v.  8,  pp. 
863-869. 

(On  the  theory  of  charging  for  electric  energy- 
according  to  the"  amount  of  active  and  reactive 
load.    Describes  wattmeter  for  such  purpose.) 


280     March,  1921 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXIV.  No.  3 


Fuels 

Fuel  and  [ts  ( Conservation. 

Mech.  Engng.,  Jan  .  L921;  v.  43,  pp.  22  31,  38. 

roup    of    papers    on    supply,    conservation, 
distillati  of  fuels.    Includes  useful  stal 

on  coal  supply.  I 

Insulators 

rating  Performance  of  Insulators  on  a  45,000- 
volt  System.     Vincent,  H.  B. 

\  1   E.E.  Jour..  Jan.,  1921;  v.  40.  pp.  30-34. 

(Illustrated  paper  showing  data  on  performance 
in  service. 

Load  Factor 

Effect  of  Load  Factor  on  Station  Costs.  Junkers- 
feld,  Peter. 

Elec.  Wld.,  Jan.  8,  1021;  v.  77,  pp.  85-88. 

Measuring  Instruments 

Testing  Hardness  of  Bearings  and  Journals. 

Iron  Age,  Dec.  30,  1920;  v.  106,  pp.  1727-1730. 

(Describes  the  construction  and  use  of  an  instru- 
ment called  the  "  michrocharacter "  for  testing 
hardness.) 

Nozzles 

Pressure-flow  Experiments  on  Steam  Xozzles. 
Mellanby,  Prof.  A.  L.,  and  Kerr,  William. 

Inst.  Engrs.  &  Shipbuilders,  Trans.,  Dec,  1920; 
v.  64,  pp.  1-41. 

(Lengthy  paper  presenting  test  results.) 

Power-factor 

Phase  Compensation  with  Special  Reference  to 
Polyphase  Motors.     Fynn,  Val.  A. 

A. I. E.E.  Jour.,  Jan.,  1921;  v.  40,  pp.  48-64. 

(On  the  theory  and  practice  of  improving  power- 
factor  by  phase  compensation.) 


Radio  Stations 

Lafayette  Radiotelegraph  Station  at  Croix- 
d'Hins.  near  Bordeaux.      Cabanne.      (In  French.) 

Genie  Civil,  Dec.   11.   1020;  v.  77,  pp.  473   4S2 
Lengthy,  illustrated  description  of  apparatus  and 
equipment;  also  wiring  diagrams.    See  also  plate  VI.  i 

Railroads  — Electrification 

Status  of  Heavy  Traction  Abroad. 

Elec.  Rwy.  Jour.,  Jan.  1.  1021;  v.  .",7.  pp.  31-36. 
V     ummary,   by  countries,   of  the  electrification 
situation  abroad.) 

Relays 

Protection  Against  Unnecessary  Opening  of  the 
Circuit  Due  to  Short  Circuits  and  Overloads. 
Sterr,  P.  v.  d.      (In  German.) 

Elek.  Zeit.,  Dec.  16,  1920;  v.  41,  pp.  1002-1004. 

I  Describes  and  illustrates  a  relay  which  opens 
only  the  defective  portion  of  a  distribution  system.) 

Statistics — Electric  Furnaces 

Status  of  the  Electric  Steel  Industry.  Cone, 
Edwin  F. 

Iron  Age,  Jan.  6,  1021;  v.  107,  pp.  69-71. 

(Extensive  statistics  on  electric  furnace  instal- 
lations in  the  United  States  and  Canada.  I 

Steam  Turbines 

Small  Steam  Turbine.     London,  W.  J.  A. 

Engrs.  Soc.  of  W.  Pa.  Proc,  Nov.,  1020;  v.  36, 
pp.  539-573. 

(Illustrated  paper  on  the  principles  of  construction 
and  operation  of  turbines  up  to  300  h.p.) 

Strength  of  Materials 

Radiology  Applied  to  the  Testing  of  Materials. 
Fleming,  A.  P.  M.,  and  Clarke,  J.  R. 

Engng.  (Lond.),Dec.24, 1920;  v.  1 10,  pp  850-852. 

(Shows  the  possibilities  and  methods  of  testing 
materials  by  means  of  X-rays.     Serial. j 


THREE  DOLLARS  PER  YEAR 


THIRTY  CENTS  PER  COPY 


GENERAL  ELECTRIC 
REVIEW 


VOL.  XXIV.  No.  4 


Published   by 
General  Electric  Company's  Publication  Bu 
Schenectady,  N.   Y. 


APRIL,  1921 


An  almost  daily  occurrence  of  freight  congestion  on  West  Street.  New  York  City  water  front.      A  complete 

transformation  of  freight-handling  methods  can  be  made  to  alleviate  this  cond.t.on  wh.ch  is 

now  increasing  the  cost  of  goods,  delaying  delivery,  and  tying  up  labor 


BY  ELECTRICALLY  OPERATED  EQUIPMENT 


THE  DICHARDSON  DHEISIX  TO 

LUBRICATION     ENGINEERS 

AND  >\  \mu-'.\cturi;ks 

.HILW.MIIvl  I   .    WISCONSIN 


:  ■   - 


j  nefal  Electric  I-ievie?/" 
H.    Y. 


rentleisar. : 


You  will   b-3   interested  to  know  that  analysis  of 
'erti  ling  returns  during  19-C   shows  a  ijroat?r  at 
.  .  uirias  per  insertion  for  your  publication  that  for 
any  ot  we  use.        Z:.  r   inquiry  is  oon^iQer- 

•   lover   for  "General  Klectric  ..oview"   th&r.  :or  ^cy  other 
mediVT.  in  which  we  carry  space. 

:•  iking  inquiries   r.r.d  the  geo- 

.     Listribution  ot'   :      r  ■  ire   indicative     that 

-  -r    jf  a  high  yraie  thro.--). out   ti. .  .  . 

use   ir.v  "General  Electrio  Havlew". 

indatory  expression  was  not  so- 
licited,  v.  :  irlt   it. 

Yours   truly, 

R1CRA.HDS0H-PESHIX  CCKPAHY, 


Tec;.r.ical  director. 


General  Electric  Review 


Manager.    M.    P.    RICE 


A   MONTHLY  MAGAZINE  FOR  ENGINEERS 

Editor.  JOHN   R.  HEWETT  Associate  Editors.  B.  M.  EOFF  and  E.  C.  SANDERS 

In  Charge  of  Advertising,  B.  M.  EOFF 


Subscription  Rales:  United  States  and  Mexico,  $3.00  per  year;  Canada.  $3.25  per  year;  Foreign.  $3.50  per  year;  payable  in 
advance.  Library  and  Student  Rates:  United  States  and  Mexico,  $2.00  per  year;  Canada.  $2.25  per  year;  Foreign,  $2.50  per 
year;  payable  in  advance. 

Remit  by  post-office  or  express  money  orders,  bank  checks,  or  drafts,  made  payable  to  the  General  Electric  Review,  Sche- 
nectady, N.  Y. 

Entered  as  second-class  matter.  March  26,   1912,  at  the  post  office  at  Schenectady,  N.  Y.,  under  the  Act  of  March.  1879. 


Vol.  XXIV.  No.  4 


April.  192] 
Page 


CONTENTS 

Frontispiece:  Oil  Painting  of  the  U.S.S.  New  Mexico 

Editorials: 

Electro-mechanical  Transferation — A  Panacea 

By  Zenas  W.  Carter 

Port  Development  and  the  Central  Station 

By  Chas.  K.  Nichols 

Sea  Ports:   Their  Organization  and  Administration 

By  Calvin  Tom  kin- 

Fair  Principles  of  Freight  Rate  Making  and  Their  Effect  on  Our  National  Marine  Terminal  Proble 

By  John  Meigs 

The  Need  for  Organization  by  Material  Handling  Machinery  Manufacturers:   An  Opportunity 

By  Frederic  Stadelman 

Fundamental  Factors  of  Freight  Handling   ..... 

By  D.  B.  RuSHMORE    . 

A  Brief  Directory  of  Material  Handling  Apparatus 


Jy  R.  H.  McLain 


Handling  of  Materials  in  Industrial  Plants  ...... 

By  R.  H.  Whitehead 

Batterv  Charging  for  Industrial  Trucks  and  Tractors    ...... 

By  C.  A.  Ruhr 

The  Application  of  Power-driven  Machinery  to  the  Horizontal  Transference  of  Miscellaneou 

By  J.  A.  Jackson 

Towers,  Cable-ways,  and  Skip  Hoists  in  Coal  Handling 

By  C.  B.  Connelv 

Cargo  Cranes    .......... 

By  J.  A.  Jackson 

Power  Distribution  for  Docks      ....... 

By  Ernest  Pragst 

The  Warehouse — Its  Place  in  the  Modern  Community 

By  B.  P.  Cresson 

Warehouses        .......  .  . 

B\  J.  J.  Matson 

The  Field  for  Electrically  Operated  Material  Handling  Machinery 

By  F.  T.  Smith 

Standardized  Containers  and  Sectionalized  Freight  Cars 

By  R.  H.  Mc  Lain 

Preparation  of  Goods  for  Transportation  and  Storage    . 

By  Harry  N.  Knowlton 


Bv  R.  F.  Emerson 


Freight 


Bibliography  on  Freight  Handling 

The  Lighting  of  Piers  and  Docks 

By  H.  E.  Mahan 

A  Painting  of  the  Battleship  New  Mexico  Presented  to  the  U.S.  Navy  Department   by  tin- 
General  Electric  Company 
Library  Section  .......■■•••• 


285 
287 
290 
293 
298 
.S01 
306 
319 
322 
325 
33 1 
339 
340 
352 
3.54 
361 
367 
309 
371 
38] 

387 
390 


5  u 

£  c 

O  .2 


a-  I 


5  E 
I  5 


S" 


GENERAL   ELECTRIC 
REVIEW 


ELECTRO-MECHANICAL  TRANSFERATION    A  PANACEA 

By  Zenas  W.  Carter 
Sales  Director,  Austin  Machinery  Corporation 


T 


Zenas  W.  Carter 


'HERE  is  an  ele- 
ment of  grave 
danger  in  the  eco- 
ni  >mical  program  now 
fantastically  govern- 
ing the  actions  of 
boards  of  directors, 
public  officials  and 
bankers.  It  is  the 
danger  that  the  cur- 
rent idea  of  right- 
and-left  slashing  to 
reduce  costs  will 
brush  aside  the  great- 
est lesson  for  the 
benefit  of  mass  humanity  which  has  emanated 
from  the  emergencies  of  the  past  few  years. 
That  lesson,  learned  during  the  pressure  of 
doing  the  seemingly  impossible  in  industry, 
was  the  need  for  conservation  of  human 
physical  energy. 

For  several  years  America  made  goods  and 
transported  them  with  phenomenal  rapidity. 
This  speed  was  made  possible  through  the 
use  of  what  may  be  termed  electro-mechani- 
cal transferation.  Labor  shortage  compelled 
us  to  devise  and  utilize  mechanical  equipment 
and  machines  to  replace  physical  energy  of 
human  beings.  Under  the  pressure  of  emer- 
gency, men  of  affairs  approved  the  installa- 
tion of  progressive  production  methods, 
authorizing  engineers  and  superintendents  to 
initiate  and  devise  mechanical  means  to  take 
up  the  burden  of  man-power  shortage 

Electricity  played  such  a  direct  part  that 
all  the  producing  facilities  of  the  entire  elec- 
trical industry  were  utterly  inadequate  to 
meet  the  demand.  The  shortage  of  motors 
of  all  sizes,  as  well  as  of  other  types  of  elec- 
trical equipment  was  so  great  that  companies 
made  promises  of  deliveries  months  or  years 
ahead,  in  a  hopeful  way,  but  almost  without 
expectation  of  fulfillment.  While  no  figures 
are  available,  it  is  easy  to  understand  that  a 
major  proportion  of  this  insatiable  demand 
was  to  meet  the  requirements  for  mechanical 
transference. 


Suddenly,  because  of  an  over-speculation 
in  raw  materials,  the  controlling  powers  of 
the  financial  world  and  of  the  producing 
world — almost  in  a  panic — ordered,  directed 
and  suggested  that  buying  cease.  The  first 
reaction  from  this  nervousness  was  forget- 
fulness,  and  this  forgetfulness  now  causes  the 
electrical  industry  to  suffer.  Men  every- 
where forgot  or  waived  aside  the  figures  which 
engineering  departments  had  gathered  to 
prove  that  in  each  industry  and  in  each  divi- 
sion of  our  commercial  life  the  economical 
loss,  from  labor  waste  due  to  inefficient 
methods  of  handling  materials  and  com- 
modities, was  tremendous.  These  figures 
are  just  as  true  today  as  they  were  a  year 

aS°-  .  ,    . 

The  general  methods  of  handling  goods  in 
transport,  whether  by  rail  or  water,  are 
obsolete,  expensive,  and  tend  constantly  to 
congestion;  and  they  will  in  future  create 
congestion,  as  in  the  past.  These  methods, 
and  the  ineffective  methods  of  handling 
materials  in  industry  at  large,  lay  a  dollars- 
and-cents  burden  of  waste  upon  the  entire 
American  public  which  is  staggering. 

To  be  specific,  there  is  a  waste  loss  suffered 
through  inadequate  material  handling  and 
goods  handling  methods  in  the  port  _  of  New 
York  alone  (as  one  engineer  has  estimated), 
exceeding  $100,000,000  per  year.  The  waste 
loss  through  inefficient  methods  of  handling 
freights  on  our  railroads  would  probably  add 
$400,000,000.  The  waste  from  inadequate 
methods  of  handling  raw  materials  at  produc- 
ing centers  and  handling  parts  in  process  of 
production  and  finished  products  in  our  indus- 
trial plants  is  practically  inconceivable,  but 
undoubtedly  many  times  greater  than  our 
transportation  waste  loss. 

The  bearing  which  all  of  these  facts  have 
upon  the  electrical  industry  is  to  emphasize 
the  need  that  the  entire  personnel  of  the 
electrical  industry  be  marshalled  as  a  force 
to  resurrect  the  discarded  recommendations 
and  plans  of  our  economic  engineers,  in  order 
to  bring  recognition  of  the  fact  that  this  is 
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still  the  most  importanl  single  factor  in 
price  redud 

While  ii  is  true  that  buying  in  all  channels 
is  for  the  moment  held  in  suspension,  it  is 
equally  true  that  there  is  not  a  thought  in 
inds  of  the  public  a1  large,  nor  in  the 
mind  of  the  most  careful  student,  that  the 
civilizing  progress  of  the  pasl  few  years  shall 
tinui  All  peoples,  in  all  lands,  have 
comi  to  demand  more.  The  realization  of 
the  demand  is  merely  in  abeyance  for  the 
moment.  Men  and  women  who  have  learned 
in  the  past  decade  that  travel  enlightens  the 
mind  will  continue  to  demand  such  compen- 
sation in  return  for  their  labor  as  will  permit 
the  exercise  of  this  civilizing  and  uplifting 
influence. 

Men  who  have  boughl  silk  shirts  and  new 
automobiles;  families  who  have  moved  into 
larger  quarters ;  children  who  have  enjoyed  the 
expanding  and  helpful  influence  of  a  wider 
and  more  extensive  acquaintance  and  social 
life  all  these  luxuries  and  comforts  aroused 
latent  emotions  and  activities  of  human  be- 
ings are  expanded  beyond  the  point  where  it 
will  be  possible  again  to  compress  them  into 
the  narrow  channels  of  the  past. 

The  way  to  meet  this  expansion  is  open  only 
in  one  direction — increased  production.  For 
the  moment  labor  may  be  plentiful,  but  even 
at  the  present  time  there  is  no  economy  in 
the  employment  of  human  beings  to  perform 
service  which  may  be  rendered  by  mechanical 
means.  The  electric  industrial  truck  makes 
11  possible  to  handle  raw  materials  and  fin- 
ished parts  in  a  factory  at  much  less  cost  than 
was  fi  irmerly  required  for  six  or  eight  men  to 
perform  the  same  work  with  wheelbarrows. 

Bui  this  economy  is  not  all.  The  economy 
in  the  conservation  of  the  physical  space 
required  is  of  itself  a  great  factor  in  cost  re- 
duction . 

The  overhead  electric  travelling-crane,  the 
electric  locomotive  crane,  the  electric  hoist,  the 
continuously-operating  conveying  machinerv, 
the  progressive  production  made  possible  bya 
co-ordination  of  electrically  operated  convey- 
ing, hoisting,  trucking  and  mechanical  pro- 
duction systems  of  assembly — all  requiring 
electric  motors  and  all  of  the  electrical  equip- 
ment necessary  to  produce  the  current  and 
feed  it  to  the  operating  mechanisms  arc 
necessary  and  potent  factors  which  industry 
will  find  it  is  essential  to  use  in  order  to  meet 
the  wave  of  demand  for  reduction  in  prices. 

Within  the  past  few  weeks  the  first  test 
set  <  »f  unif orm  containers  for  handling  express 
packages  from  store-door  to  store-door,  with- 


out re-handling,  has  moved  between  New 
York  and  Chicago.  Within  another  decade 
the  endless  handling  and  re-handling  of  mis- 
cellaneous packages  and  commodities  into 
and  out  of  express  cars,  box  cars  and  freight 
ns,  and  the  loading  and  unloading  of 
individual  units  on  to  and  off  of  trucks,  will 
be  a  thing  of  the  past. 

In  the  handling  of  express  alone,  on  all  the 
railroads  of  the  United  States,  by  this  unit 
container  method,  the  demand  on  the  electrical 
industry  for  motor  equipment  to  operate  the 
overhead  travelling-crane  systems  neeessary 
for  electric  motor  trucks  to  facilitate  the 
transportation  of  the  goods  from  the  steam 
railway  cars  to  destination,  and  the  handling 
of  the  unit  containers  at  destination,  will 
prove  to  be  a  very  important  percentage  of 
the  volume  of  electrical  business. 

The  transference  of  raw  materials  from 
cars  to  storage,  and  of  raw  materials  and  parts 
in  process  of  manufacture  from  one  point 
of  need  and  one  operation  to  another  in 
our  industrial  plants,  and  the  re-modelling 
i  if  i  iur  industrial  plants  to  meet  the  needs  for 
progressive  production  methods,  will  all  tend 
to  add  more  and  more  to  the  necessity  for 
expansion  in  the  Electrical  Industry. 

Fully  ninety  i  ier  cent  of  all  modern  material 
handling  and  mechanical  transportation  de- 
vices are  electrically  operated.  The  oppor- 
tunity exists  almost  endlessly  throughout  the 
United  States  for  the  central  station,  for  the 
manufacturer  of  electrical  goods,  for  the 
electrical-goods  jobber  and  the  individual 
salesmen,  to  be  important  factors  and  a  civ- 
ilizing influence  in  the  human  uplift  of  the 
next  generation — which  will  come  through 
the  increased  production  of  all  goods  and  the 
reducing  of  prices  on  all  goods  that  these 
mechanical  methods  will  make  possible. 

Every  way-station,  every  railroad  transfer 
point,  every  raw  material  producing  center 
inline,  field  or  forest),  every  industrial  plant, 
is  an  electrical  opportunity.  A  little  thought, 
a  careful  analysis  of  conditions,  a  study  of 
mechanical  transferation  machinery  already 
invented  and  in  use,  and  the  opportunity 
will  present  itself  to  suggest  a  change  in  the 
methods  of  transferring  which  will  help  re- 
duce the  ultimate  cost  of  the  finished  product 
to  the  consumer. 

The  unemployment  problem  itself  will  lie 
solved  by  this  elimination  of  human  beings 
from  the  necessity  of  expending  physical 
energy  on  work  which  can  be  performed  by 
electro-mechanical  methods.  This  seems  a 
paradox.     History,  however,  proves  that  the 
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demand  for  all  things  increases  in  proportion 
to  the  economy  of  its  production.  In  addi- 
tion, as  human  beings  are  released  from  the 
inertia  and  stagnation  of  routine  performance, 
their  mental  acumen  increases  proportion- 
ately, and  this  increased  activity  of  the  mind's 
perceptions  produces  a  corresponding  in- 
creased demand  for  additional  luxuries  and 
comforts — and  civilization  makes  its  progress 
through  the  increase  of  the  aspirations  of  the 
human  being. 

This  increased  demand  has  been  proved  for 
generations  in  the  textile  industry;  in  the 
printing  industry,  as  represented  by  the  de- 
velopment of  the  linotype  machines  to  super- 
sede type-setting  by  hand;  in  the  automobile 
industry,  as  illustrated  by  the  development 
of  automatic  production  as  compared  with 
wagon-building  by  hand. 

As    the   production   of   the   individual   in- 


creases through  the  use  of  mechanical  meth- 
ods, the  correspondingly  increasing  demand 
automatically  creates  the  opportunity  for 
full  employment  of  the  individual. 

Present  unemployment,  therefore,  is  largely 
the  result  of  an  attempt  on  the  part  of  the 
mass  to  restrict  its  individual  unit  production 
and  consumption  without  recognition  of  the 
fundamental  principle  that  this  mass  action 
automatically  results  in  a  corresponding 
stagnation. 

Electro-mechanical  transferation,  the  trans- 
fer of  things  by  mechanical  devices,  electri- 
cally operated,  is  therefore  a  panacea!  Its 
influence  for  betterment  in  industry  is  co- 
ordinate with  its  influence  for  the  benefit  of 
mankind'  Its  functioning  completely,  as  a 
panacea,  merely  awaits  more  action  by  more 
men  with  this  vision!  Already  its  potential 
influence  is  in  motion. 


PORT  DEVELOPMENT  AND  THE  CENTRAL  STATION 

By  Chas.  K.  Nichols 
New  York  Edison*  Company 


IN  the  future,  the 
growth  of  the 
Central  Station  In- 
dustry will,  to  a  very 
large  degree,  consist 
of  opening  up  and 
developing  industries 
and  applications,  not 
so  much  where  the 
electric  motor  merely 
supersedes  some  other 
form  of  motive  power, 
but  where  new  and 
chas.  k.  Nichols  better    methods    are 

found  for  carrying 
on  many  operations,  relieving  human  labor 
of  much  of  its  burden  and  increasing  the 
utilization  of  capital  by  decreasing  the  time 
required  to  perform  these  operations. 

One  development  that  promises  much  from 
the  standpoint  of  the  utilization  of  the  servi  :e 
of  the  central  station  is  that  of  the  efficient 
mechanical  handling  of  materials. 

Not  long  ago.  The  Literary  Digest  an- 
nounced that,  from  a  survey  that  it  had  just 
completed,  it  was  evident  that  only  about  five 
per  cent  of  the  potential  demand  for  material 
handling  machinery  has  been  met.  Further 
facts  brought  out  by  this  survey  show  that 
there  is  an  actual,  although  perhaps  unrec- 
ognized need  for  over  two  hundred  thousand 


pieces  of  apparatus,  including  industrial 
trucks  and  tractors,  hoists,  stackers,  con- 
veyors and  cranes;  that  only  five  per  cent  of 
the  plants  in  the  United  States  are  using  such 
machinery  to  any  extent.  It  has  been 
estimated  that  if  this  apparatus,  for  which  a 
real  need  exists,  were  put  into  service  the 
sale  of  energy  would  exceed  five  hundred 
million  kilowatt-hours  per  year  for  this  work 
alone. 

Apart  from  the  general  subject  of  material 
handling  throughout  all  the  industries,  the  one 
phase  that  is  now  attracting  considerable 
attention  is  the  mechanical  handling  of  freight 
at  docks  and  at  railroad  terminals.  We  are 
beginning  to  realize  the  fact  that  the  usual 
handling  equipment  on  our  piers  has  not  kept 
pace    with    other    industrial    developments. 

The  possibilities  of  building  a  large  and 
attractive  load  for  the  central  station  may  be 
seen  if  we  consider  the  large  amount  of 
mechanical  apparatus  installed  at  a  modern 
terminal.  The  port  of  Seattle  has  more 
mechanical  equipment  than  any  other  port  in 
the  United  States,  with  the  exception  of  New 
Orleans,  and  at  this  latter  port  the  machinery 
is  highlv  specialized  for  handling  a  few  com- 
modities, principally  bananas  and  cotton. 
At  Seattle,  however,  miscellaneous  freight  is 
handled  and  the  economy  has  far  surpassed 
that  of  any  other  port.    The  equipment  here 
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consists  of  derricks  and  cranes  of  different 
types,  elevators,  tractors,  conveyors,  as  well 
as  a  complete  refrigerating  plant  for  a  cold 
e  warehouse.  The  electrical  equip- 
ment consists  of  "tie  hundred  and  fifty  i !■ 
motors,  with  a  total  of  3500  h.p. 

It  may  be  that  the  future  development  of 
the  warehouse  is  forecast  by  the  type  of  sea- 
board terminal  constructed  during  the  war 
for  the  army  supply  bases.  Consider,  for 
example,  the  base  at  Boston.  Here  a  store- 
was  built  which  was  one  of  the  largest 
reinforced-concrete  buildings  in  the  world, 
being  eight  stories  high  and  1638  ft.  long  by 
120  ft.  wide,  with  a  pier  shed  composed  of  two 
3-story  sections,  each  924  ft.  long  by  100  ft. 
wide.  Here  the  electrical  equipment  consists 
of  40  industrial  storage  battery  tractors, 
46  electric  freight  elevators,  six  passenger 
elevators,  24  winches  and  four  semi-portal 
bridge  cranes.  The  substation  is  designed 
for  an  initial  load  of  450(1  kv-a.  and  an 
ultimate  load  of  10,000  kv-a. 

An  idea  of  the  amount  of  energy  that 
would  be  required  on  the  water  front  is  given 
in  a  recent  study  of  conditions  at  the  Port  of 
New  York.  It  is  estimated  that  about  45,000,- 
000  tons  of  freight  are  moved  into  and  out  of 
the  port  each  year.  Tests  show  that  a  ton  of 
freight  may  be  hoisted  from  the  hold  of  a 
steamer  and  placed  on  the  pier,  or  the  reverse, 
at  an  expenditure  of  0.5  kw-hr. 

If  the  most  modern  electrically  operated 
equipment  were  used,  this  operation  alone 
would  mean  a  consumption  of  22.51  in. 1 100 
kw-hr.  per  year.  To  this  would  be  added  all 
energy  required  by  tractors  or  cranes  of  some 
type  for  moving  the  freight  and  the  other 
appliances  used  to  meet  special  conditions. 
Thus,  for  water  borne  freight  alone,  the  annual 
use  of  energy  might  easily  reach  50,000,000 
kw-hr. 

The  figures  given  do  not  include  the  freight 
moved  by  rail,  which  at  this  port  is  found  to 


be  70.nnn.nnn  tons,  and  the  railroad  terminals 
are  large  consumers  of  power.  Adding  to  the 
figures  already  given  the  amount  of  energy 
required  for  this  part  of  the  total  tonnage, 
gives  an  idea  of  the  enormous  amount  of 
potential    business    we    have    at    our    doors. 

In  the  United  States  we  are  today  preparing 
to  spend  over  one  hundred  and  fifty  million 
dollars  for  new  piers,  wharves  and  other 
facilities  for  taking  care  of  and  speeding  up 
our  enormous  shipping,  and  between  fifty 
and  one  hundred  million  dollars  for  new 
warehouses.  For  economical  freight  handling, 
these  should  be  equipped  with  all  of  the 
modern  machinery  that  engineering  talent 
has  made  available. 

Only  by  concerted  effort,  however,  can  this 
be  accomplished,  for  there  is  a  very  strong 
tendency  to  continue  to  follow  old  and  in- 
efficient methods.  It  ma}-  be  that  the  charge 
that  our  methods  lack  efficiency  and  are 
out  of  date,  may  be  questioned  by  those  who 
will  point  to  a  few  of  our  notably  efficient 
installations,  including  the  wonderful  machin- 
ery now  in  use  at  the  ore  docks  of  some  of  the 
steel  companies. 

We  have  made  rapid  strides  in  the  devel- 
opment and  use  of  machinery  for  handling 
bulk  freight,  and  the  finest  examples  in  the 
world  of  machinery  of  this  class  was  to  be  found 
here.  For  miscellaneous  cargos,  however,  it 
is  generally  true  that  our  progress  has  been 
slow,  but  we  can  look  forward  to  wonderful 
possibilities  in  the  future. 

The  central  station  industry  cannot 
expect  that  this  will  come  without  careful 
study  of  conditions,  active  promotion,  and  a 
continuous  sales  effort  on  the  part  of  every- 
one interested.  The  load  possibilities  are 
there,  however.  Bringing  them  to  light  may 
seem  a  slow  and  laborious  process,  but  the 
results  that  may  be  achieved  are  well  worth 
any  expenditure  of  time  and  effort,  no  matter 
how  great. 
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Sprague  Electric  Freight  Truck  Carrying  48  Cases  of  Canned  Goods   which  as  shown  is  Equivalent  to  12  Hand  Truck  Loads 


Battery  Truck  Crane  Employed  in  Tiering  Cases  in  the  Plant  of  the  Eastern  Manufacturing  Company,  South  Brewster    Me. 
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Sea  Ports:  Their  Organization  and  Administration 

By  Calvin  Tomkins 
Ex-Pori  Commissioner,  New  Y<>kk  City 

Whi  location  of  a  sea  port  will  always  have  an  influence  in  its  selection  by  a  shipper,  the 

patronage  it  receives  will  b<  :  more  and  more  by  the  extent  of  the  public  facilities  which  it  offers  the 

shipper  for  warehousing,  grading,  reshipment  and  banking  credits.  With  such  facilities  a  port  is  equipped 
bhsh  itself  in  favor  and  can  readily  be  administered  so  as  to  reap  the  many  direcl  and  related  benefits 
that  accrue  to  principal  shipping  centers.  In  treating  this  subject  in  the  following  article,  the  author  furnishes 
a  number  of  example  and  analyzes  them  in  connection  with  the  unprogressive  methods  still  in  vogue  in  many 
of  our  sea  ports.  The  latter  section  of  the  article  he  devotes  to  a  discussion  of  material  handling  by  machinery  — 
Editor. 


Primary  Port  Functions 

The  sea  ports  of  the  world  are  the  points  of 
international  contact,  and  since  ocean  trans- 
portation has  become  so  cheap  and  regular 
that  its  cost  as  regards  all  but  bulky  and 
heavy  commodities  is  almost  negligible,  a 
new  significance  has  been  acquired  by  a 
few  of  the  great  ports  as  centers  both  for 
manufacture  and  distribution.  Railroads 
and  ships  converge  at  the  great  ports  and 
the  consequent  opportunities  which  have 
been  opened  for  the  receipt  of  raw  materials 
and  the  shipment  of  finished  products  are 
causing  them  to  develop  into  great  industrial 
centers.  London,  Hamburg,  and  New  York 
are  the  notable  examples  of  the  working  out 
of  this  process. 

In  proportion  as  the  services  which  ports 
render  to  the  commerce  of  the  world  are 
public  services,  as  distinguished  from  private 
gainful  services,  are  they  likely  to  attract 
commerce  and  increase  their  importance. 

Montreal.  New  Orleans  and  Seattle  are 
the  primary  North  American  ports  where 
such  public  sen-ices  have  been  most  liberally 
provided  and  where  organization  and  ad- 
ministration are  best  adapted  to  public  use, 
while  New  York,  under  the  influence  of  its 
great  commercial  bodies,  affords  the  unique 
example  of  the  most  badly  organized  and 
most  selfishly  administered  great  port  of  the 
world,  functioning  as  it  does  primarily  as  a 
private  profit-mongering  corporation  for  the 
benefit  of  monopolists,  and  only  second- 
arily as  a  sea  port. 

New  Orleans  provides  public  warehousing, 
grading,  re-shipment  facilities  and  banking 
credits  for  shippers  of  cotton  and  grain. 
which  are  available  for  every  small  farmer 
along  the  line  of  every  connecting  railroad. 
Montreal  does  the  same  as  regards  grain  and 
like  Seattle  is  providing  public  cold-storage 
for  perishable  foods.  This  will  make  impos- 
sible the  maintenance  of  food  monopoly  like 
the    great    Atlantic    fish    monopoly    which 


centers  at  Boston,  or  the  food  monopoly 
distribution  made  possible  by  the  rings  of 
private  cold-storage  warehouses  which  sur- 
round New  York  and  most  other  cities  just 
as  the  ring  of  Octroi  stations  surrounds 
Paris.  The  association  of  banking  facilities 
with  a  well  organized  public  system  of  ware- 
housing and  grading  has  done  much  to  build 
up  the  trade  of  London.  Hamburg,  and  Ant- 
werp. Great  quantities  of  commodities  are 
sent  to  these  ports  from  all  over  the  world 
(especially  in  dull  times)  simply  for  storage 
during  the  hold-over  period  and  are  then  re- 
shipped  on  order  when  trade  improves. 

Public  wholesale  terminal  markets  are 
beginning  to  develop  at  some  cities  into 
which  all  lines  of  transportation  are  con- 
ducted and  which  are  provided  with  cold- 
storage  adjuncts  for  surplus  stocks.  Such 
markets  tend  to  lower  living  costs  and  to 
make  labor  more  available  and  contented. 

Principles  of  Port  Organization.  Deep 
and  safe  channel  approaches  from  the  sea, 
easy  grades  and  convenient  rail  approaches 
from  the  land,  and  the  protection  of  a  safe 
roadstead  are,  of  course,  prerequisites  for 
sea  port  development.  With  the  exception 
of  Montreal  and  Philadelphia  the  primary 
ports  are  located  near  the  sea,  since  the 
capital  investment  in  the  largest  type  of 
ocean  craft  (which  are  the  most  economical 
carriers)  demands  a  quick  voyage,  and  a 
quick  turn-around  at  the  end  of  the  voyage 
to  realize  the  maximum  economy  of  sen-ice. 

Waterways,  such  as  the  Mississippi,  the 
Erie  Canal  and  the  Hudson  River  and  the 
Welland  Canal,  have  in  the  past  contributed 
largely  to  the  success  of  the  ports  at  which 
they  terminate. 

Their  necessary  competitive  interference 
with  railroad  revenues  under  private  owner- 
ship has  for  the  time  being  resulted  in  neu- 
tralizing their  great  potential  importance 
as  transportation  factors  (except  as  the 
rail  service  may  be  temporarily  disorganized 
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and  use  made  of  the  waterways  to  relieve 
congestion)  and  they  will  doubtless  continue 
of  relative  unimportance  until  the  railroad 
system  shall  have  been  nationalized,  when 
it  will  become  a  matter  of  indifference,  ex- 
cept for  economics,  whether  freight  shall 
be  moved  by  waterway  or  by  rail.  It  will 
then  as  a  matter  of  course  be  routed  which- 
ever way  may  be  most  advantageous  to  the 
transportation  system  considered  as  a  whole. 
The  land  and  water  services  will  then  be 
administered  as  related  parts  of  a  unified 
transportation  system. 

Sea  port  organization  everywhere  is  largely 
a  matter  of  planning  for  a  belt-line  terminal 
railway  service — or  a  series  of  concentric 
belt-lines — about  the  port,  intersecting  all 
railway  lines  and  providing  a  cheap  and 
rapid  interchangeable  car  service,  which 
shall  connect  factories,  warehouses,  trans- 
shipment sheds,  docks  and  markets  with 
each  other  and  with  all  carriers.  Such  a 
belt-line  service  is  in  operation  at  Montreal 
and  at  Canadian  ports  generally,  because 
the  railroads  have  been  nationalized,  and 
also  at  New  Orleans.  The  other  United 
States  ports,  except  New  York,  are  striving 
with  varying  degrees  of  success  to  attain  it. 

Ports  should  be  organized  each  as  a  public 
administrative  unit,  at  which  all  terminal, 
trans-shipment  and  transportation  services — 
and  ultimately  warehousing — shall  be  con- 
ducted under  the  single  authority  of  one  pub- 
lic administrative  organization.  The  most 
successful  primary  ports  are  those  which  have 
most  nearly  attained  this  objective. 

The  economics  gained  by  such  unified 
organization  supplemented  by  the  most 
modern  methods  of  handling  freight,  as 
noted  below,  can  be  capitalized  and  the 
proceeds  used  for  shore  front  acquisition 
and  improvement  without  the  imposition 
of  burdensome  taxation  upon  the  local  com- 
munity. The  public  acquisition  of  riparian 
lands  and  submerged  areas  and  their  sub- 
sequent reclamation  and  adaptation  to  com- 
mercial and  industrial  uses  has  greatly  facili- 
tated port  financing  and  development.  Nota- 
bly is  this  true  at  jBoston,  San  Francisco 
and  Los  Angeles;  and  still  greater  possibili- 
ties are  to  be  found  in  the  reclamation  of 
the  neglected  marsh  and  submerged  lands 
about  the  port  of  New  York. 

Next  in  importance  to  the  establishment 
of  a  continuous  belt-line  freight  movement 
and  a  single  public  administration  for  each 
port  is  provision  for  ample  storage  back  of 
the  piers  or  quay  walls  at  which  the  ships 


lie.  S«.  rapidly  has  the  size  of  ships  increased 
that  the  lack  of  adequate  storage  fur  cargo 
in  and  out  has  become  a  most  serious  defed 
at  many  ports  in  North  America. 

Cargo  must  be  accumulated  and  sorted 
for  convenient  loading  in  anticipation  of  the 
arrival  of  the  ship,  for  the  quick  turn-around 
is  the  basic  fact  of  port  efficiency.  The  ship 
on  arrival  must  also  be  discharged  with  the 
utmost  expedition  and  the  incoming  and 
outgoing  cargoes  must  not  interfere  with  each 
other  and  block  free  movement.  Docks  and 
piers  are  too  limited  and,  generally  speaking, 
too  costly  to  serve  these  two  functions  of 
rapid  loading  and  unloading,  consequently 
there  must  be  provided  amply  spaced  trans- 
shipment sheds  and  warehouses  adjacent  to 
the  ship's  berth,  or  expensive  delays  will 
be  incurred.  The  limiting  factors  which 
control  speed  of  unloading  and  loading  are  the 
rapidity  with  which  cargo  can  be  broken  out 
of  the  hold  of  a  ship  and  delivered  to  the 
slings  under  the  hatches  for  hoisting  out,  and 
the  rapidity  with  which  cargo  can  be  taken 
from  under  the  hatches  and  stowed  in  the 
hold  of  a  ship. 

All  the  other  processes  of  cargo  handling 
outside  of  the  ship  should  and  can  be  speeded 
up  to  these  limitations  of  breaking-out  and 
stowing  cargo. 

The  war-constructed  terminals  of  the 
United  States  Government  at  Boston,  New 
York,  Philadelphia,  Norfolk,  Charleston  and 
New  Orleans  have  provided  for  this  need 
and  the  ports  at  which  they  are  located 
will  greatly  profit  not  only  by  the  added 
facilities,  but  by  the  examples  afforded  of 
modern  port  organization  on  a  large  scale. 
These  government  stations  should  not  be 
jobbed  out  for  private  exploitation  but  should 
continue  to  function  locally  as  public  utilities. 

Mechanical  Handling 

The  growing  disparity  between  terminal 
handling  and  distribution  costs  on  the  one 
hand  and  the  cost  of  the  line  haul  on  the 
other,  for  both  rail  and  water  borne  freight, 
is  an  economic  phenomenon  of  the  present 
time  which  deserves  more  than  passing 
attention.  Carriage  costs  have  gone  down 
while  terminal  charges  have  gone  up. 

Marine  carriers  have  suffered  more  from 
this  change  than  have  rail  carriers  because 
service  by  water  is  more  irregular,  the  units 
are  larger,  and  the  processes  of  loading  and 
unloading  a  boat  are  more  complicated  than 
are  the  processes  of  loading  and  unloading 
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>  1 1  idemizing  terminals  and  transfer  stations 
and  the  substitution  of  mechanical  handling 
machinery  in  place  of  manual  labor  and  the 
employment  of  less  labor  casually  and  more 
labor  continuously  are  the  only  remedies. 
Unskilled  labor  well  organized  as  it  now 
very  generally  is,  resembles  dynamite  rather 
than  steam  power  in  its  actions  and  reac- 
tions whenever  trade  is  very  "bad"  or  very 
"good" 

Little  has  so  far  been  accomplished  towards 
modernizing  terminals  except  at  a  few  western 
cities  and  at  some  of  the  war  bases  of  recent 
construction. 

Much,  however,  has  been  accomplished 
by  the  introduction  of  freight  handling 
machinery:  instance  the  tractor  and  trailer, 
the  micro  elevator,  belt  conveying  machinery, 
hoists,  cranes,  and  tiering  machines.  Ex- 
perience has  shown  that  the  availability  of 
mechanical  handling  is  being  retarded  more 
by  the  lack  of  standardized  unit  containers 
than  by  any  other  cause. 

At  New  Orleans,  for  instance  (which  is 
the  best  organized  and  administered  sea  port 
in  the  country)  you  may  observe  grain, 
cotton,  coffee,  sugar,  bananas,  and  a  few- 
other  articles  handled  by  machinery  with  ease 
and  at  minimum  cost  into  and  out  of  ware- 
houses constructed  for  particular  terminal 
uses.  Even  at  New  Orleans,  however,  this  is 
not  the  case  so  far  as  general  package  freight 
is  concerned.  Here  labor  costs  mount  rapidly 
as  human  intelligence  and  greater  liberty 
of  movement  become  necessary  to  handle 
a  multitude  of  packages  varying  in  size,  form, 
weight,  strength,  and  character  of  contents 
and  construction.  In  short,  machinery  has 
been  successfully  designed  for  special  services 
but  not  for  the  general  sen-ice  of  commerce. 
Factory  handling  where  packages  are  uniform 
presents  problems  comparatively  easy  of 
solution,  but  at  water  and  rail  terminals 
involving  transfers  between  warehouses  and 
the  inconvenient  holds  of  ships  and  inte- 
riors of  box  cars,  the  problem  has  not  been 
solved  and  the  rule  of  hook  and  hand  truck 
still  continues. 

The  remedy  will  be  found  to  be  the  intro- 
duction of  a  standardized  unit  container  in 
the  form  of  a  demountable  closed  auto  truck 
body,  which  can  be  readily  transferred  by 
cranes  to  and  from  railroad  flat  cars,  auto 
chassis,  warehouse  floors  and  vessels.  The 
vertical  and  horizontal  terminal  movements 
involved    in    handling    such    containers    are 


simple  and  capable  of  accomplishment  by 
equipment  now  generally  in  use.  Some  re- 
organization of  terminals  will  be  necessary 
but,  as  The  Motor  Terminals  Company  has 
demonstrated  at  Cincinnati,  this  will  be 
neither  complicated  nor  expensive.  Labor 
costs  for  handling  such  standardized  unit 
containers  represent  a  very  small  part  of  the 
present  outlay  necessary  for  the  handling  of 
miscellaneous  package  freight. 

The  horizontal  movement  of  freight  at 
terminals  has  recently  been  revolutionized 
by  the  substitution  of  industrial  tractors 
and  trailers  for  the  hand  truck,  and  stand- 
ardized containers  will  make  this  new 
practice  even  more  feasible.  Vertical  move- 
ments of  freight  between  different  floor 
levels  will  be  greatly  facilitated  by  the  use 
of  a  standard  container. 

The  growing  complication  of  switching 
movements  between  congested  city  terminals 
tends  to  increase  in  geometrical  ratio  as  the. 
volume  of  business  increases  in  arithmetical 
ratio,  and  it  is  now  evident  that  there  must 
be  a  physical  limit  to  the  possibility  of 
switching  cars.  These  transfers  between 
local  terminals  can  be  expedited  and  cheap- 
ened, as  B.  F.  Fitch  has  demonstrated 
at  Cincinnati,  by  the  use  of  demountable 
auto  truck  bodies  between  the  terminals. 

The  water  front  generally  and  the  trans- 
shipment sheds  and  railroad  transfer  points 
should  be  electrified  so  that  electric  power, 
which  is  so  much  more  convenient,  econom- 
ical and  efficient  than  steam  for  these  inter- 
mittent functions,  should  everywhere  be  made 
available  from  central  stations  at  moderate 
cost. 

The  need  of  the  railroads  for  increased 
revenues  will  probably  compel  them  at  an 
early  date  and  with  the  ready  approval  of 
the  Inter-State  Commerce  Commission,  to 
separate  haulage  charges  from  terminal  hand- 
ling charges.  These  two  kinds  of  services 
are  now  lumped  together,  although  the 
disparity  between  them  has  increased  enor- 
mously in  recent  years. 

A  few  years  ago  the  terminal  charge  was 
incidental,  now  it  is  the  principal  expense. 
When  this  separation  shall  take  place  it  will 
compel  unprogressive  terminal  cities  to 
modernize  their  methods  of  freight  han- 
dling or  see  their  trade  go  elsewhere.  New 
Vork  in  particular  will  then  suffer  the  con- 
sequences of  its  long  drawn  out  profiteering 
port  policy. 
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Fair  Principles  of  Freight  Rate  Making  and  Their 
Effect  on  Our  National  Marine  Terminal  Problem* 

By  John  Meigs 
Phksident  of  Terminal  Engineering  Society 
"One  great  stumbling  block  in  the  way  of  the  introduction  of  genuine  economics  in  the  transference  of 
marine-rail  cargo,  and  of  efficient  port  planning  in  general,  has  been  the  fad  that  no  spei  ial  incentive  h  i 
tofore  been  established  for  making  such  reforms.     By  deliberate  concert  of  both  rail  and  marine  companies 
absolutely  inefficient  ports  have  been  favored  by  special  free  services  on  the  part  of  these  transportation  agen 
cies,  and  thereby  enabled  to  compete  for  freight  tonnage  on  more  advantageous  terms  than  better  and  more 
efficient  ports  not  so  favored."     "A  continuance  of  the  present  extravagant,  wasteful,  unscientific  and  unfair 
policy  of  port  charges  would  be  an  anachronism,  and  would  mean  merely  the  preservation  of  an  indefensible, 
feudal  system  of  practically  legalized  highway  robbery."     These  quotations  from  the  following  article  clearly 
set  forth  a  phase  of  the  national  marine  terminal  problem  which  is  pernicious  in  its  effect  and  must  be  elimi- 
nated before  our  export  and  import  facilities  can  be  brought  to  a  healthy  state  of  development. — Editor. 


ONE  of  the  most 
startling  of  the 
many  disconcerting 
discoveries  made  by 
the  American  people 
concerning  them- 
selves during  the 
recent  war,  and  one 
of  the  least  flattering 
to  their  pride  as  sup- 
posedly capable  busi- 
ness organizers  and 
operators,  was  the 
appalling  lack  of  effi- 
ciency displayed  by 
their  general  transportation  system,  including 
both  rail  and  marine  lines,  under  the  stress 
then  applied  to  it.  In  both  instances  this  low 
factor  of  efficiency  applied  most  particularly 
in  connection  with  the  terminal  handling 
and  storage  aspects  of  transportation  rather 
than  in  the  performance  of  the  mere  long 
distance  transference  of  freight  from  one 
point  to  another. 

The  general  condition  of  traffic  engorge- 
ment at  practically  all  transfer  points 
throughout  the  United  States,  and  the  tying 
up  of  unnumbered  thousands  of  railroad 
cars  at  these  yards  for  indefinite  periods 
because  of  the  inability  to  promptly  unload 
them  at  the  seaboards  were  shocking,  but 
the  congestion  at  inland  points  was  but  a 
marker  to  that  at  our  principal  ports. 

When  called  upon  to  meet  the  extraordinary 
demands  of  the  war  for  transportation  of 
men,  munitions  and  supplies  to  our  army 
overseas  and  the  armies  of  our  allies,  it  was 
found  that  the  concentration  of  freight  at  a 
few  of  our  greater  ports — particularly  the 
country 's  principal  port,  New  York — -was  so 
intense  and  overwhelming  that  conditions 
at  these  points  of  transfer  between  rail  and 
marine  carriers  became  alarming.  The  habit 
of  generations  past,  of  forcing  a  large  pro- 

*  Abstract  of  Inaugural  Address. 


portion  of  our  total  export  and  import  com- 
merce through  the  narrow  bottle-neck  of  a 
few  favored  seaports,  had  created  a  condi- 
tion that,  instead  of  being — as  the  original 
proponents  of  the  system  doubtless  ar- 
gued— one  tending  along  lines  of  maximum 
economy  and  despatch,  worked  in  a  manner 
exactly  to  the  contrary  of  these  surmises, 
and  was  both  slow  and  costly  in  the  extreme. 

Railroads  which  had  been  encouraged  in 
many  cases  to  neglect  their  natural  ports  of 
ingress  and  egress  for  foreign  goods  and  had 
become  habituated  to  carrying  freight  past 
these  normal  outlets  to  ones  further  removed, 
either  because  of  the  desire  to  avail  them- 
selves of  the  additional  revenues  derivable 
from  the  longer  haul,  or  for  other  and  more 
complicated  reasons,  found  their  lines  and 
terminals  congested  beyond  any  previous 
conception  of  the  possibilities  of  the  case, 
and  the  movement  of  rail  freight,  both  for 
domestic  and  foreign  delivery,  suffered  a 
condition  of  partial  paralysis  that  resulted 
in  serious  embarrassment  to  the  railroads 
and  to  the  nation. 

Piers  and  railroad  yards  so  filled  up  with 
cars  awaiting  unloading,  with  no  reasonable 
chance  for  being  reached  for  weeks  ahead, 
produced  a  backwater  congestion  at  the 
seaboard  which  ended  in  a  condition  approx- 
imating complete  stagnation  at  many  points. 
That  these  conditions  have  been  relieved  to 
some  extent  since  the  war  is  due  more  to  the 
better  general  distribution  of  freight  move- 
ment rather  than  to  any  physical  improve- 
ment in  terminal  facilities.  These  still  con- 
tinue as  bad  as  they  were  at  the  time  of  the 
partial  collapse  of  our  transportation  system 
at  the  moment  of  the  country's  greatest  need. 

For  fifty  years  no  sensible  improvement 
has  been  made  in  the  quality  of  our  system 
of  handling  freight  at  terminal  points,  which 
still  remains  in  all  essential  particulars  as 
our  fathers'  fathers  knew  it.  Nor  has  the 
quantity  of   terminal  facilities  of  any  char- 
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acter  been  materially  increased  at  the  points 
where  mosl  needed  in  the  last  decade.  Rail 
haul  facilities,  however,  are  distinctly  supe- 
rior on  nearly  all  of  our  roads  to  the  terminal 
equipmi  nl  for  loading,  discharging  and  stor- 
ing freight,  and  the  great  problem  has  always 
been  to  get  the  freight  out  of  the  terminals 
and  in  motion  on  the  rails. 

It  has  been  asserted  by  one  official  inves- 
ir  of  the  subject  that  of  the  more  than 
billion  dollars  spent  per  annum  in  ante- 
bellum days  on  the  movement  of  rail  freight, 
four-fifths  of  it  was  consumed  by  delays  at 
terminals,  some  necessary,  others  useless. 
This  expert  figures  out  that  the  American 
freight  car  spends  year  in  and  year  out  eleven 
out  i  if  every  twelve  hours  standing  still.  Thus 
more  than  ninety  per  cent  of  the  life  of  every 
freight  car  is  now  consumed  in  switching 
operations,  in  standing  idle  on  side  tracks, 
in  loading  or  unloading  its  contents,  or  in 
repair  shops. 

The  average  rail  movement  of  our  freight 
cars  has  been  approximately  twenty-four 
miles  per  day.  In  war  days,  under  the  most 
vigorous  efforts  of  governmental  and  rail- 
road authority,  this  daily  movement  was 
advanced  only  to  an  average  of  twenty-six 
miles  per  day.  These  conditions  maintain, 
despite  the  fact  that  the  only  time  that  a 
freight  car  is  making  money  for  its  owners 
is  while  it  is  under  way  transferring  goods 
from  one  point  to  another. 

The  logical  conclusion  from  these  facts 
is  that  railroad  cars  are  on  an  active  earning 
basis  less  than  ten  per  cent  of  the  time.  It  is 
manifest  to  the  merest  tyro  that  this  average 
daily  movement  of  twenty-four  or  twenty-six 
miles  in  twenty-four  hours,  or  at  the  average 
speed  of  about  one  mile  per  hour,  cannot  be 
due  to  the  inability  of  the  railroads  to  trans- 
port cars  between  terminal  points  at  a  very 
much  faster  rate  of  movement  than  this. 
Even  at  the  unstandardized  speed  of  the 
slowest  freight  trains,  this  distance  could 
be  accomplished  in  approximately  two  hours 
of  actual  train  time,  leaving  the  other  twenty- 
two  hours  of  the  day  unaccounted  for  except 
by  terminal  delays. 

Most  strenuous  efforts  are  now  being  made 
by  the  roads,  since  their  return  by  the 
Government  to  their  original  managements, 
to  increase  this  average  car  mileage  and  also 
the  average  load  per  car  carried  previous  to 
and  during  war  times.  The  present  railroad 
ambition  is  reported  to  be  to  bring  the  load- 
ing of  cars  up  to  an  average  of  30  tons,  and 
the  movement  of  them  to  an  average  of 
thirty    miles    per    day,    an    improvement    of 


more  than  twenty  per  cent  in  both  particulars. 
These  reforms  must  necessarily  be  brought 
about  mainly  by  improved  methods  at  the 
terminals. 

On  account  of  these  expensive  delays  it 
has  been  roughly  estimated  that  the  cost 
of  handling  freight  at  rail  terminals  is  equal 
to.  if  not  greater  than,  the  entire  cost  of  its 
rail  haul;   that  is.  after  cars  have  been  de- 

ered  a1  a  terminal  yard  following  a  rail 
movement  averaging  for  export  freight  sev- 
eral hundred  miles,  it  will  then  cost  as  much 
to  deliver  it  the  short  distance  between  the 
receiving  yards  and  the  local  terminal  de- 
livery points  as  it  did  to  transport  it  the 
entire  rail  distance  through  which  it  moved 
in  its  entire  journey.  Effective  reform  in 
this  wasteful  system  can  be  brought  about 
in  but  one  way,  that  is,  through  the  increased 
efficiency  of  terminal  handling ;  for  as  pointed 
out,  the  relative  time  spent  in  rail  movement 
and  in  terminal  stagnation  of  cars  is  so 
enormously  disproportionate  that  this  fact 
is  self  evident. 

As  far  back  as  1912,  James  J.  Hill  said  in 
an  address  before  the  Railway  Business 
Men's  Association:  "Even-  interest  and 
every  community  should  understand  that 
the  main  need  today  of  transportation  and 
of  the  many  activities  connected  with  and 
dependent  upon  it,  is  an  increase  of  terminal 
facilities.  It  is  no  exaggeration  to  say  that 
the  commerce  of  the  country,  its  manufac- 
turing and  agricultural  industries,  its  pros- 
perity as  a  whole,  and  the  welfare  of  every 
man  in  it  who  engages  in  any  gainful  occupa- 
tion, can  escape  certain  disaster  only  by 
such  additions  to  and  enlargements  of  exist- 
ing terminals  at  our  great  central  markets  and 
our  principal  points  of  export  as  will  relieve 
the  congestion  that  now  paralyzes  traffic  when 
any  unusual  demand  is  made  upon  them. " 

These  words,  it  is  needless  to  point  out  to 
my  readers,  were  prophetic,  and  the  bitter 
consequences  of  inaction  in  this  line  of  needed 
improvement  predicted  by  Mr.  Hill  have 
been  fully  realized.  We  commoner  mortals 
were  but  slowly  arriving  at  a  realization  of 
the  coming  consequences  that  this  great 
railroad  genius  had  foreseen  and  predicted 
nearly  a  decade  previously,  when  the  stress 
of  a  great  wrar  both  convinced  and  aroused 
us  on  this  point,  and  has  impressed  every 
student  of  the  subject  with  a  belief  in  the 
absolute  necessity  for  radical  action  in  the 
correction  of  these  deficiencies,  in  order  to 
render  impossible  in  future  a  repetition  of 
such  a  disastrous  experience  as  we  have  only 
recently  passed  through. 
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The  transportation  lessons  which  the  war 
has  taught  us,  and  well  taught  us  I  believe, 
may  be  briefly  outlined  as  follows:  First, 
the  necessity  for  more  efficient  handling  of 
freight  at  both  marine  and  rail  terminals, 
that  is,  the  quicker  despatch  of  both  cars 
and  ships  by  their  hastened  discharging  and 
reloading;  and,  second,  the  proper  develop- 
ment on  our  seaboard  of  as  many  ports 
as  are  qualified  by  natural  and  industrial 
conditions  to  economically  perform  the 
necessary  functions  of  a  transfer  station 
between  marine  and  land  cargo. 

The  fallacy  of  the  over-centralization  of 
freight  facilities  at  one,  or  even  several  great 
ports,  has  been  so  thoroughly  exposed  by 
recently  past  events  that  but  little  additional 
argument  is  needed  along  this  line.  The 
old  custom  of  concentrating  the  freight 
movement  of  the  country  at  a  few  local 
points  is  seen  to  have  been  a  costly  and 
disastrous  mistake.  In  future  an  effort 
should  and  doubtless  will  be  made  to  dis- 
continue this  senseless  habit  and  to  use  the 
lines  of  shortest  possible  movement  between 
our  ports  and  the  nearest  points  of  origin 
or  distribution  of  the  freights  carried  in 
vessels  resorting  thereto. 

One  great  stumbling  block  in  the  way  of 
the  introduction  of  genuine  economics  in 
the  transference  of  marine-rail  cargo,  and 
of  efficient  port  planning  in  general,  has 
been  the  fact  that  no  special  incentive  has 
heretofore  been  established  for  making  such 
reforms.  By  deliberate  concert  of  both  rail 
and  marine  companies  absolutely  inefficient 
ports  have  been  favored  by  special  free 
services  on  the  part  of  these  transportation 
agencies,  and  thereby  enabled  to  compete 
for  freight  tonnage  on  more  advantageous 
terms  than  better  and  more  efficient  ports 
not  so  favored.  Rates  for  marine-rail  freight 
have  been  established  without  regard  to 
the  actual  cost  of  the  services  performed, 
and  many  ports  capable  of  economical 
development  have  been  refused  the  oppor- 
tunity of  deriving  benefit  from  their  natural 
advantages  by  discriminatory  rates  in  favor 
of  naturally  inferior  rivals. 

The  reasons  which  have  led  to  these  unfair 
and  unwise  discriminations  and  to  the  set- 
ting up  of  these  false  gods  in  transportation 
economics — or  uneconomies — need  not  be 
reviewed  at  length  at  the  present  time,  reflect- 
ing back,  as  many  of  them  do,  to  the  old  days 
when  the  system  of  rebating  in  many  forms 
and  of  free  services  of  sundry  kinds  to  favored 
individuals  or  communities  was  a  universally 
established    one    in    transportation    affairs. 


These  unfair  advantages  still  persist  in  many 
ways  and  main-  places,  but  public  opinion 
now  frowns  upon  them;  they  arc  being  rapid- 
ly legislated  out  of  any  possibility  of  long 
continuance,  and  in  future  it  may  safelj  In- 
assumed  that  ports  to  be  successful  must 
be  able  to  demonstrate  genuine  ability  to 
handle  expeditiously  and  economically  the 
cargo  passing  over  their  piers  and  through 
their  railroad  yards. 

As  General  William  M.  Black,  formerly 
Chief  of  Engineers,  U.  S.  Army,  strikingly 
says  in  a  recent  address:  "One  rate  of  charge 
to  one  man  and  another  rate  of  charge  to 
another  man  for  the  same  amount  of  service 
is  unfair.  This  is  taxation.  One  man  is 
overcharged,  in  order  that  another  may  be 
rendered  more  prosperous.  It  is  the  same 
for  communities.  Why  should  one  com- 
munity be  favored  by  railroads  more  than 
another?  What  right  has  any  set  of  private 
individuals  to  use  powers  granted  by  the 
people  at  large  in  an  endeavor  artificially 
to  offset  natural  advantages  of  location"'  If 
one  locality  has  such  natural  advantages 
that  its  earning  possibilities  are  greater  than 
another,  why  should  it  not  enjoy  them?  .  .  . 
The  whole  proceeding  appears  to  me  entirely 
contrary  to  our  conception  of  the  ideas  of 
government. " 

Apparently  no  serious  effort  has  been 
made  by  the  transportation  corporations 
to  ascertain  what  the  various  classes  of 
service  performed  by  them  actually  cost. 
All  of  the  various  terminal  operations  are 
lumped  in  with  the  rail  haul  cost  and  rates 
established  at  such  a  figure  as  to  be  inclusive 
of  all  of  them.  This  naturally  is  inimical  to 
progress  in  the  scientific  improvement  of 
terminal  conditions,  and  puts  a  premium  on 
inefficiency  in  terminal  handling  that  has 
made  it  difficult  for  any  great  progress  to  be 
made  in  this  most  important  branch  of  the 
transportation  art. 

The  only  way  in  which  a  port  can  maintain 
a  successful  existence,  if  not  equipped  either 
by  natural  endowment  or  by  the  industry 
and  far-sightedness  of  its  citizens,  with  the 
ability  to  economically  handle  the  freight 
passing  through  it,  is  by  the  assistance  of 
unfair  advantages  allotted  to  it  by  the  trans- 
portation companies — either  marine  or  rail — ■ 
by  means  of  which  its  own  natural  or  arti- 
ficial disadvantages  may  be  overcome  at  the 
expense  of  the  entire  remaining  portion  of 
the  public  served  by  these  transportation 
organizations.  A  port  at  which  the  cost  of 
handling  freight  is  materially  greater  than 
at  other  and  competing  ports  has  no  logical 
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and  legitimate  reason  for  continued  pre- 
eminence. If  it  is  not  so  favored  by  nature, 
and  so  equipped  by  man,  as  to  enable  it  to 
compete  on  a  fair,  above-board  basis  with 
other  ports  in  the  same  general  coastal  section 
it  should  be  permitted  to  retrograde  in  rank 
and,  if  necessary,  to  disappear  completely  from 
the  list  of  transfer  points  for  overseas  freight. 

The  practical  basis  for  abolishing  the  old 
system  of  fa-*  oritism  and  donations  to  special 
interests  lies  in  the  institution  of  a  more 
scientific  system  of  freight  rates,  by  which 
the  terminal  costs  of  handling  of  freight  at 
seaports  may  be  segregated  from  the  rail- 
haul  costs  and  proper  charges  made  to  cover 
the  actual  expense  of  each  and  every  service 
rendered. 

The  contention  sometimes  made  on  this 
subject,  that  the  present  zone  system  of  rates 
is  the  only  practicable  one  and  that  it  is 
impossible  to  definitely  ascertain  the  costs 
of  the  various  services  rendered  by  rail 
transportation  companies,  is  absurd  and  is 
a  reflection  upon  the  intelligence  of  railroad 
operators.  If  it  were  a  fact  that  the  variations 
in  terminal  handling  costs  in  different  com- 
munities are  immaterial  and  measurable  in 
terms  of  cents  per  ton,  this  contention  would 
be  correct  and  the  game  would  not  be  worth 
the  candle.  But  when,  as  partial  investiga- 
tions show,  there  are  differences  of  several 
hundreds  per  cent  in  the  cost  of  handling 
the  same  classes  of  freight  in  different  cities — 
varving  in  cases  cited  by  the  Interstate  Com- 
merce Commission  from  as  low  as  $1.80  per 
car  for  terminal  handling  to  as  high  as  $35 
per  car — -such  incontrovertible  evidences  of 
uneconomic  conditions  cannot  be  ignored. 

The  present  zone  system  of  rates,  while 
possessing  undoubted  advantages  in  the 
simplifying  of  railroad  bookkeeping,  and  of 
undeniable  benefit  on  general  principles  where 
the  services  rendered  to  the  various  commu- 
nities included  in  one  zone  are  substantially 
equal,  is  not  fair  where  the  zone  limits  are 
violently  stretched  to  include  within  them 
specific  communities  the  physical  surround- 
ings of  which  are  such  that  service  thereto 
is  materially  more  expensive  than  to  others 
in  the  same  zone. 

The  system  of  the  furnishing  of  trans- 
portation services  to  certain  communities 
at  less  than  cost  means  simply  of  course  that 
this  expense  is  absorbed  into  the  general 
operating  budget  of  the  railroads  furnishing 
the  services,  and  that  these  terminal  costs, 
instead  of  being  assessed  against  the  shippers 
on  whose  account  they  are  incurred,  are 
distributed  broadly  among  all  of  the  users 


of  these  roads  regardless  of  whether  they 
have  derived  the  slightest  benefit  from  them. 

No  better  scheme  could  be  devised  for 
placing  a  premium  upon  inefficiency  and  for 
discouraging  sound  economics  in  port  devel- 
opment than  to  continue  indefinitely  the 
senseless  system  of  ignoring  terminal  costs 
and  fixing  a  rail-haul  zone  rate  sufficiently 
large  to  include  all  costs  incurred  of  every 
kind,  whether  these  are  genuinely  necessary 
or  not.  If  we  are  to  have  a  substantial 
improvement  in  our  port  terminal  conditions, 
some  system  of  rate  making  must  be  devised 
by  which  ports  that  have  been  enterprising 
enough  to  institute  genuinely  efficient 
methods  can  be  rewarded  for  their  intelli- 
gence and  far-sightedness;  and,  on  the  other 
hand,  that  ports  whose  aim  is  to  be  supported 
in  their  inefficiency  by  unwilling  tribute 
exacted  from  the  country  at  large  may 
be  penalized  to  such  an  extent  that  they 
will  be  forced  to  mend  their  ways,  upon 
pain  of  commercial  decadence. 

There  are  gross  inefficiencies  in  the  han- 
dling of  rail  and  marine  freight  at  practically 
every  port  in  this  country,  as  our  general 
methods  of  cargo  handling  are  in  many 
respects  archaic  and  crude  in  the  extreme. 
There  are,  however,  very  radical  variations 
in  the  degree  of  inefficiency  in  different 
ports,  and  at  least  some  of  our  coast  cities 
must  be  given  credit  for  recent  broad-minded 
and  intelligent  constructive  policies  in  the 
development  of  their  opportunities,  and  a 
vast  improvement  in  standards  of  con- 
struction and  operation  over  those  in  general 
vogue.  At  the  other  extreme,  however,  are 
port  communities  which  have  persisted  in 
transacting  their  marine-rail  business  along 
lines  of  maximum  resistance  and  minimum 
economy  regardless  of  reason  or  expense. 
Among  these  of  course  the  principal  sinner 
is  the  port  of  New  York. 

Our  smaller  ports,  provided  they  are  large 
enough  to  afford  well  balanced  facilities,  are 
in  fact  more  economical  to  operate  than  the 
large  and  overgrown  ones  can  possibly  be.  As 
an  example,  Montreal  and  New  Orleans, 
with  their  officially  controlled  and  operated 
harbor  belt  line  railroads,  transfer  cars  from 
any  receiving  yard  in  the  city  to  any  point 
on  the  waterfront  for  a  flat  charge  of  $5  per 
car,  and  make  money  at  it.  Even  Philadel- 
phia, with  a  belt  line  system  but  poorly  or- 
ganized and  dependent  upon  the  tender 
mercies  of  the  competing  railroads  for  its 
actual  physical  operation,  can  move  cars  to 
any  point  on  the  waterfront,  for  but  slightly 
more  than  the  above  amount.    The  country's 
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welfare  is  largely  dependent  on  the  develop- 
ment and  increase  of  our  smaller  ports. 

As  Dr.  Robert  J.  McFall,  of  the  University 
of  Minnesota,  states:  "Investigations  al- 
ready made  have  clearly  demonstrated  that 
the  terminal  service  is  not  one  that  is  subject 
to  decreasing  costs  per  unit  of  service  as  the 
service  is  increased;  it  apparently  follows 
exactly  the  opposite  rule.  As  traffic  increases 
in  the  large  terminals,  it  becomes  increasingly 
more  costly  per  unit  to  handle  it;  and  com- 
plexity and  congestion  bring  decreasing 
economies  in  their  train. 

"And  yet  the  present  system  of  neglecting 
costs  in  rates  to  terminals  is  artificially 
stimtdating  the  growth  of  these  large  centers 
of  population.  The  burden  of  transportation 
costs  is  on  the  country  in  general;  the  large 
center  gains  the  advantage.  The  large  centers 
getting  their  service  at  less  than  cost,  the 
general  business  of  the  country  is  taxed  to 
build  up  the  large  cities,  to  perpetuate  and 
increase  a  more  expensive  system  of  conduct- 
ing our  business,  to  make  their  burdens  in 
turn  still  greater  to  support  these  centers 
in  the  future.  We  may  be  sure  the  railways 
themselves  do  not  pay  this  extra  cost.  They 
cannot.    They  are  not  in  charity  work.  " 

The  figures  of  terminal  costs  previously 
quoted,  while  not  of  guaranteed  detailed 
accuracy,  are  at  least  measurably  correct. 
The  sums  represented  by  them  are  so  huge 
as  to  baffle  the  imagination  in  conceiving 
what  they  really  mean,  but  certainly  to  the 
dullest  intellect  it  must  be  evident  that  there 
exists   a  most   threatening   situation   in   our 


entire  terminal  system,  and  one  that  should 
have  the  earnest  and  most  concentrated 
attention  of  the  business  men  and  engineers 
of  the  country  until  at  least  a  half-way  satis- 
factory solution  of  the  problem  is  reached. 

A  scientific  study  should  be  made,  under 
the  auspices  of  a  competent  commission, 
to  ascertain  the  actual  terminal  costs  of 
freight  transfer  in  every  port  in  the  country 
as  compared  with  the  rail  haul  costs;  and 
a  policy  of  ruthless  elimination  of  unfit  ports 
be  started  upon.  Efficiency  and  economy  alone 
should  be  made  the  standards  for  judging  the 
desirability  of  ports,  and  no  mere  deference 
to  the  fetish  "established  business  interests" 
should  permit  the  country  to  delay  the  work- 
ing out  of  a  practical  policy  toward  this  end. 

Only  in  this  way  can  the  intelligence  and 
ambitions  of  the  citizens  of  our  port  cities  be 
stimulated  to  such  a  point  that  the  rail  and 
marine  terminals  will  be  placed  in  a  condition 
of  genuine  efficiency.  Such  a  policy  would 
place  a  premium  on  properly  designed  and 
located  railroad  yards,  upon  an  effective 
interchange  system  of  freight  between  the 
various  railroads  entering  ports  by  means  of 
belt  line  roads,  and  upon  the  proper  location, 
design  and  equipment  of  piers  and  quays  for 
the  transfer  of  land  and  marine  cargo. 

A  continuance  of  the  present  extravagant, 
wasteful,  unscientific  and  unfair  policy  of 
port  charges  would  be  an  anachronism,  and 
would  mean  merely  the  preservation  of  an 
indefensible,  feudal  system  of  practically 
legalized  highway  robbery.  It  should  and 
must  be  rooted  out. 


298     April,  L92J 


GENERAL   ELECTRIC   REVIEW 


Vol.  XXIV.  No.  4 


The  Need   for  Organization  by  Material  Handling 
Machinery  Manufacturers:  An  Opportunity 

By  Frederic  Stadelman 
Wellman  Seaver  Morgan  Company,  New  Vhkk  City 
Mr.  Stadelman  first  refers  to  the  handling  of  material  in  bulk  and  points  out  that  in  the  development  of 
machinery  for  this  purpose  each  manufacturer  has  acted  independently  of  the  others.  He  explains  the  reasons 
why  successful  results  have  been  possible  of  attainment  in  this  field  by  such  methods,  and  then  shows  why 
the  conditions  existing  in  the  field  of  package  freight  handling  prevent  an  adequate  solution  of  this  problem  by 
like  methods  of  attaek.  Nevertheless,  efforts  in  the  development  and  application  of  package  freight  handling 
machinery  have  been  expended  in  an  isolated  rather  than  collective  fashion  with  the  result  that  there  is  nowhere 
available  complete  and  accurate  knowledge  of  the  subject  to  apply  to  the  gi  qi  ral  proposition  of  handling 
miscellaneous  freight.  The  author,  in  concluding,  makes  a  strong  plea  that  this  condition  be  remedied  by 
organization  of  the  interests  concerned. — Editor. 


SINCE  the  ending 
of  the  war  the 
growth  of  interest  in 
machinery  for  han- 
dling freight  at  rail- 
road transfer  points 
and  marine  terminals 
has  been  remarkable. 
The  country  is  com- 
ing torealize  theenor- 
mous  waste  that  ex- 
ists in  transferring 
package  freight 
Frederic  stadelman  through  terminals. 

Many  seaports  both 
on  the  Atlantic  and  on  the  Pacific  Coasts  have 
appointed  commissions  to  investigate  the  pos- 
sibilities of  machinery  for  reducing  terminal 
costs.  Several  hundred  millions  have  been 
appropriated  in  the  United  States  alone  for 
port  improvements.  Newspapers  have  repeat- 
edly emphasized  the  necessity  of  adopting  mod- 
ern machinery  at  marine  terminals.  Public 
attention  has  been  focusing  on  the  subject. 
The  need  of  development  of  our  ports  is 
readily  grasped  by  the  individual.  The 
average  man  can  easily  picture  the  importance 
■  if  loading  and  unloading  ships  economically; 
he  has  seen  it  done  often  in  the  movies.  The 
subject  is  spectacular  and  appeals  to  the 
imagination.  A  casual  acquaintance  only 
with  the  fundamental  factors  is  sufficient  to 
enable  the  average  person  to  understand  the 
necessity  of  improving  existing  methods. 

The  public  at  large,  however,  does  not 
realize  yet  that  handling  package  freight 
economically  at  railroad  transfer  points  is 
a  bigger  problem  and  involves  much  greater 
tonnages  than  at  the  seaboards.  The  diffi- 
culties in  railroad  transportation,  however, 
and  the  delays  caused  by  freight  congestion, 
car  shortage  and  strikes  are  now  beginning 
to  bring  home  the  need  of  economically  han- 
dling all  classes  of  railroad  freight  at  every 
transfer  point.  The  public  is  slowly  appre 
ciating   the  fact   that   the  expense  of  trans- 


porting the  necessaries  of  life  is  really  a  big 
item  in  the  cost  of  living.  Notwithstanding 
the  development  of  machinery-  in  this  country 
for  handling  bulk  material,  the  adoption  of 
devices  for  transferring  miscellaneous  freight 
has  been  backward  to  a  degree.  The  engineer- 
ing genius  and  manufacturing  skill  that  have 
created  and  perfected  the  marvelous  bulk 
handling  machinery  in  use  was  largely  cen- 
tralized in  single  plants.  Successful  bulk 
handling  machinery  was  designed  and  built 
under  one  roof  by  the  engineers  of  single 
self-contained  organizations.  The  entire 
situation  was  acceptably  worked  out  by 
single  manufacturing  units,  building  one  or 
more  similar  classes  of  equipment.  The 
problem  was  solved  by  developing  the  inven- 
tions of  a  few  engineers.  They  were  intense 
individualists  in  mind  and  methods.  They 
had  the  ability  and  were  strong  enough  to 
make  a  success  in  the  commercial  application 
of  their  designs.  The  present  perfection  of 
bulk  handling  machinery  sums  up  the  dom- 
inating individualism  and  clear  vision  of  men 
like  James  M.  Dodge,  Alexander  E.  Brown, 
George  H.  Hulett,  C.  W.  Hunt,  Thomas 
Robins,  and  others,  cast  in  a  similar  mold. 
Each  of  these  individuals  apart  from  the 
''est  followed  Ins  personal  star  in  attacking 
the  problem.  The  activities  of  others  were 
not  his  concern.  Private  interests,  too, 
rather  than  public  necessity  were  foremost  in 
promoting  this  development. 

In  handling  miscellaneous  freight,  the 
situation  is  different.  Freight  movements 
are  complex  and  diversified.  Classifications 
of  goods  are  of  infinite  variety.  The  sizes 
and  weights  of  packages  are  almost  limitless. 
No  one  manufacturer  is  in  a  position  to  offer 
equipment  suitable  for  the  entire  cycle  of 
operation.  There  is  some  sort  of  a  device 
on  the  market  for  almost  every  freight  hand- 
ling operation.  About  two  hundred  builders 
make  what  popularly  might  be  called  material 
handling  machinery.  Their  .products  may 
be  classified  roughly  as  loaders,   conveyors, 
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carriers,  tiering  machines,  hoists,  derricks, 
cranes,  tractors,  trailers,  trucks,  elevators, 
overhead  systems,  bulk  handling  equipment 
and  miscellaneous  machinery.  A  modern 
freight  terminal  might  readily  include  equip- 
ment from  almost  all  of  the  classifications 
just  named. 

No  one  manufacturer  builds  more  than  a 
few  of  these  kinds  of  apparatus.  The  engi- 
neers of  one  concern  are  not  familiar  with 
the  proper  application  of  the  specialties  of 
the  other  groups.  For  the  best  results  in 
applying  modern  machinery  to  a  freight  ter- 
minal, however,  an  accurate  knowledge  of 
the  performance  of  all  the  various  types 
of  equipment  is  essential.  As  the  industrv 
is  now  constituted,  such  knowledge  is  not 
within  the  province  of  any  designing  engineer. 
It  logically  falls  within  the  realm  of  the  con- 
sulting engineer.  There  are  complicated 
problems  in  transportation  engineering  to  be 
accurately  analyzed.  Their  fundamental  re- 
lations must  be  clearly  understood. 

It  is  conceded  that  one  of  the  largest  items 
in  moving  freight  is  the  cost  of  handling  at 
transfer  points  and  through  terminals.  Many 
authorities  claim  that  this  represents  the  big- 
gest single  item  of  waste  in  water  and  inland 
transportation. 

If  all  this  is  true  why  has  the  adoption  of 
machinery  for  handling  package  freight  pro- 
gressed so  slowly?  Where  does  the  respon- 
sibility lie?  Looking  at  the  human  factors, 
we  see  before  us : 

The  Public 

Labor 

Manufacturers  of  Handling  Machinery 

Consulting  Engineers 

The  handling  of  package  freight  is  a  trans- 
portation problem.  The  movement  may  be 
by  rail,  water  or  other  medium.  The  food 
we  eat  and  the  clothes  we  wear  must  be 
brought  from  their  respective  points  of 
origin  to  the  homes  of  every  man  or  woman. 
Every  time  a  package  is  lifted,  unloaded  or 
delivered,  something  is  added  to  the  cost  of 
living.  Tribute  to  pay  for  terminal  wastes 
is  levied  upon  everybody.  No  individual 
escapes.  The  burden  is  added  to  the  cost 
of  production  and  the  ultimate  consumer  pavs 
the  bill. 

Before  the  war,  the  Interstate  Commerce 
Commission  stated  that  the  railroads  of  the 
United  States  handled  over  a  billion  tons  of 
miscellaneous  freight  annually.  Depending 
on  conditions,  its  handling  cost  from  a  few 
cents  up  to  fifty  cents,  or  more,  per  ton.     In 


addition,  our  seaport  terminals  probably 
moved  more  than  three  hundred  million  tons 
of  packages.  Experts  say  mechanical  ap- 
pliances could  dispose  of  this  tonnagi 
show  a  saving  of  840(1,1100. 1)00  even-  year  over 
present  charges. 

The  cost  of  this  waste  affects  every  com- 
munity and  every  fireside.  The  adoption  of 
modern  freight  handling  machinery  concerns 
every  man,  woman  and  child.  Its  adoption 
is  essentially  a  community  problem  and  in- 
volves the  welfare  of  every  person.  The  i  mb 
lie,  however,  consists  largely  of  unorganized 
individuals.  It  takes  time  for  the  public 
to  wake  up.  Inertia  and  lack  of  interest  are 
responsible  for  most  public  inactivity.  M oi len i 
terminals  are  necessary  for  the  good  of  the 
Nation.  The  demand  for  them  must  finally 
come  from  the  public. 

Labor  represents  a  highly  organized  and 
dominating  minority.  Opposition  of  labor 
is  sometimes  given  as  a  partial  reason  for 
inadequate  terminal  facilities.  Instances 
have  been  cited  where  equipment  was  in- 
stalled but  never  allowed  to  operate.  Ma- 
chinery is  said  to  have  been  deliberately 
destroyed  by  running  it  off  the  end  of  a  dock. 
Opposition  of  this  kind  probably  arises  from 
fear  that  something  is  being  put  across  to 
lessen  a  man's  earnings  or  get  him  out  of  a 
job.  Where  such  a  fear  exists,  resistance  to 
change  is  natural  and  is  as  old  as  the  Penta- 
teuch. In  the  days  when  labor  was  plentiful 
and  wages  low,  freight  congestion  did  not 
endanger  public  health.  In  times,  however, 
of  labor  scarcity,  outlaw  strikes  and  similar 
upheavals  have  even  shut  off  the  food  sup- 
ply and  threatened  the  welfare  of  entire 
communities. 

It  has  been  pointed  out  that  one  way  to 
stabilize  conditions  and  increase  the  circu- 
lation of  goods  would  be  to  use  more  labor 
c  mserving  machinery.  In  this  manner  more 
men  would  be  available  for  better  paying 
positions  that  demand  less  severe  and  pro- 
tracted physical  strain.  Life  insurance  com- 
panies regard  the  work  of  stevedores,  dock 
laborers,  longshoremen  and  railroad  freight 
handlers  as  hazardous  on  account  of  occupa- 
tion. To  cover  such  cases  their  age  is  ad- 
vanced and  the  same  premium  is  charged 
as  for  a  standard  risk  of  the  advanced  age. 
The  chance  of  total  and  permanent  disability 
is  greatly  increased  because  of  the  character 
of  the  work.  No  indemnity  benefits,  more- 
over, of  any  kind,  in  case  of  accidents  or  dis- 
ability are  allowed.  Actuaries  have  decided 
on  the  other  hand,  however,  that  circus  bare- 
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back  riders,  bookmakers  at  the  racetrack, 
men  handling  high  voltages  in  power  houses, 
workmen  in  fuse  factories,  professional  gam- 
blers or  even  m<  itor-cycle  ci  ips  are  much  better 
life  insurance  risks  than  dock  laborers.  When 
a  freight  handler,  though,  becomes  the  oper- 
ator of  an  overhead  hoist  or  an  electric 
crane  he  is  considered  a  desirable  and  a 
normal  risk. 

Facts  of  this  kind  in  the  hands  of  the 
public  and  before  enlightened  labor  leaders 
are  causing  the  prejudice  and  opposition  to 
freight  handling  machinery  to  crumble  and 
disappear. 

The  manufacturers  of  material  handling 
machinerv  are  individualists  to  a  degree. 
They  think  largely  in  terms  of  their  own 
product  and  not  in  terms  of  the  whole  in- 
dustry. Their  point  of  view  has  been  largely- 
developed  within  the  diocese  of  their  own 
factories.  Many  still  follow  the  old  practice 
of  selling  their  product  on  the  basis  of  its 
assumed  excellence,  rather  than  by  selling 
the  best  method  of  rendering  an  economic 
sen-ice,  in  which  their  device  may  be  an 
integral  part.  They  are  apt  to  shy  when 
asked  to  put  down  in  writing  costs  per  ton 
for  handling  different  kinds  of  material. 
Their  catalogs  seldom  contain  reliable  or 
satisfying  figures  on  actual  costs  of  handling 
or  information  likely  to  help  a  buyer  in 
selecting  the  most  suitable  appliance.  A 
searcher  for  truth  of  this  kind  frequently 
receives  nothing  more  than  a  confused  im- 
pression of  mystery,  solemnity  and  igno- 
rance. 

The  public  ultimately  is  going  to  put  across 
freight  handling  machinery  and  get  modern 
terminals  on  railroads  and  at  seaports.  Com- 
munities are  already  interested  and  hunting 
for  facts.  The  activities  of  numerous  port 
commissions  and  the  millions  already  ap- 
propriated are  ample  evidence.  These  com- 
missioners, representing  states  or  municipal- 
ities, turned  first  to  the  manufacturers  for 
help  and  advice.  Many  commissioners  were 
disappointed  with  the  result  of  their  inves- 
tigations. They  wanted  costs  of  handling 
freight  using  devices  considered  more  or  less 
standard.  Most  manufacturers,  to  some  ex- 
tent at  least,  failed  to  produce.  The  trouble 
was  that  many  of  them  did  not  possess  the 
necessary  cost  information  with  the  facts 
in  convincing  shape.  The  public  wants  to 
know  what  a  crane  or  other  machine  will  do 
and  how  much  it  costs  per  ton  to  do  it.  Most 
devices,  however,  are  sold  f.o.b.  factory-  and 


performance  records  are  scarce.  Manufac- 
turers, too,  are  more  familiar  with  building 
than  operating  their  apparatus.  Thus  far  the 
industry  sorely  lacks  accurate,  immediate 
and  reliable  records  of  cost  performance. 
From  time  to  time  representatives  of  the 
public  have  put  numerous  questions  to  the 
manufacturers.  Questions  about  individual 
devices  were  answered  satisfactorily.  Answers 
to  questions  relating  to  recommendations  for 
solving  a  particular  problem  often  indicated 
lack  of  appreciation  of  what  other  man- 
ufacturers had  done.  Many-  of  the  replies 
confused  the  investigating  commissioners  and 
left  them  floundering  in  doubt  and  perplexity. 
The  manufacturer  is  not  qualified  and  should 
not  be  asked  to  give  engineering  service  that 
ought  to  be  rendered  only  by^  the  consulting 
engineer.  . 

No  manufacturer  has  had  the  experience 
that  fits  him  to  solve  by  himself  a  problem 
as  broad  and  as  complex  as  the  terminal 
problem.  He  must  have  the  co-operation  and 
help  of  both  his  fellow  manufacturers  and 
the  consulting  engineer.  The  manufacturer 
needs  to  put  more  study  on  what  the  other 
fellow  has  done  so  he  will  realize  his  own 
limitations.  The  consulting  engineer  should 
become  more  familiar  with  the  uses  of  all  the 
different  types  of  handling  machinery.  The- 
manufacturer  must  have  from  the  consulting 
engineer  a  full  statement  of  the  facts  and  an 
analysis  of  traffic  movements  long  before  any 
buildings  or  structures  are  designed.  The- 
proper  assembling  and  co-ordination  of  me- 
chanical units  are  joint  responsibilities  of  both 
the  manufacturer  and  the  consulting  engineer. 
In  this  latter  case,  the  consulting  engineer 
stands  in  the  relation  of  trustee  to  the  public. 

While  the  material  handling  machinery  in- 
dustry, as  an  industry,  is  unorganized,  it. 
needs  only  suitable  leadership  to  become  a 
strongly  organized  minority.  The  opportu- 
nity is  here  and  calls  on  the  industry  to  co- 
operate and  organize,  to  render  a  much  needed 
public  service. 

Have  the  manufacturers  sufficient  vision 
to  look  ahead  a  few  y-ears  ?  The  public  wants. 
their  help.  The  best  the  manufacturers  can 
do,  standing  alone,  will  fall  far  short  of  what 
may  be  accomplished  by  getting  together  as 
an  industry  and  becoming  a  part  of  a  well 
organized  minority. 

Does  the  manufacturer  see  his  opportunity 
or  is  he  merely  going  to  hold  hands  with  the- 
past  and  believe  he  is  looking  into  the  eyes  ofT 
the  future"' 
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Fundamental  Factors  of  Freight  Handling 

By  D.  B.  Rushmore 
Engineer,  Power  and  Minim,  Engineering  Department,  General  Electric  Company 


T1 


'HE  subject  of 
freight  handling 
comprises  the  com- 
modities, containers, 
machinery  and  de- 
vices, carriers,  etc., 
used  in  transporting 
goods  from  one  place 
to  another.  There  is 
no  one  subject  more 
deeply  interwoven 
with  our  complex  ec- 
onomic activities. 

We  start  with  two 
fundamental  consid- 
erations : — the  raw  materials  of  nature  as  found 
already  located  and  the  demand  of  the  human 
race  for  goods  with  an  entirely  different 
distribution  factor.  From  the  first  to  the 
second  at  every  stage  goods  have  to  be  moved 
in  some  form  and  in  some  direction  until 
ultimate  consumption  occurs. 

The  quality  and  cost  of  the  service  rendered 
is  becoming  of  increasing  importance;  also  the 
capacities  and  limitations  of  our  facilities  for 
this  work  are  exerting  influences  which  are 
being  felt  in  many  other  fields. 

The  general  subject  of  freight  handling  has 
become  an  important  and  distinct  field  of 
engineering  activity.  To  outline  the  basic 
fundamental  factors  which  are  involved  is  the 
object  of  this  paper.  The  primary  motive 
force  involved  in  the  economic  activities  of 
the  world  originates  with  the  demands  of 
individual  human  beings  for  goods  or  service 
in  exchange  for  which  they  are  willing  to  give 
mental  or  physical  labor.  Most  of  the 
demands  of  the  human  race  can  be  classified 
under  the  following  headings: 

The  Necessities,  Comforts,  and  Luxuries  of  Life 

Weapons,  explosives,  gases 
Food,  stimulants,  drugs,  tobacco,  gum 
Shelter,   buildings  and  equipment,  monu- 
ments, fences,  walls 
Clothing,  jewelry,  personal  ornaments,  etc. 
Light 
Heat 
Power 

Communication 
Publications 
Transportation 


Tools,  implements,  etc. 

Instruments,  measures,  etc. 

Machines,  appliances,  devices 

Amusements 

Recreations,  sports 

Containers 

Objects  of  art 

Toilet  articles,  soaps,  perfumes,  washing 
powders,  etc. 

The  starting  point  of  the  supplying  of  these 
human  demands  are  the  raw  materials  of 
nature. 

The  Raw  Materials  of  Nature 

Animal 

Vegetable 

Mineral 

Air — Atmosphere 

Earth — Surface  and  sub-surface 

Water — Ocean  and  fresh 

Animal  Kingdom 
Simple  organisms,  microscopic  and  single 

celled 
Sponges 
Jelly  fishes,  lydroids,  sea  anemones,  coral 

animals,  etc. 
Worms,  leeches,  etc. 
Animals  with   spiny  skins  like  starfishes, 

sea  urchins,  sea  cucumbers,  etc. 
Articulated    animals    with    jointed    limbs, 

such  as  spiders,  insects,  crabs,  lobsters, 

crayfish,    barnacles,    water    fleas,    sand 

hoppers,  etc. 
Mollusca,  snails,  oysters,  clams,  cuttlefish, 

slugs,  mussels 

Vertebrata : 

a.  fishes 

b.  amphibia 

c.  reptiles 

d.  birds 

e.  mammals 

Vegetable  Kingdom 
Mosses,  of  little  or  no  economic  value 
Ferns 
Cereals — ex.  wheat,  corn,  buckwheat,  rye, 

millet,  barley,  oats,  rice 
Forage  Plants 

a.  grasses 

b.  legumes — ex.  clover,  alfalfa,  cow-peas 
Fiber  plants,  ex.  cotton,  flax,  hemp,  jute 
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Vegetable's 

a.  Tubers,  ex.  potatoes  (white),  peanuts, 

Jerusalem  artichokes 

b.  Roots — ex.    radish,   turnip,    parsnips, 

beet,   salsify,   sweet  potatoes,    car- 
rots 
C.    Bulbs  —ex.  onion,  garlic 

d.  Leaves — ex.  cabbage,  celery,  lettuce, 

brussel  sprouts,  cauliflower,  spinach, 
chard,  kale,  asparagus 

e.  Fruits — tomato,  cucumber,  pumpkin, 

squash,  melon 

f.  Seeds — peas,  beans,  soy  beans 
Emits 

a.  Orchard  or  Tree  Fruits 

1.  Pome    fruits,    as    apple,    pear, 

quince 

2.  Stone   fruits,    ex.    peach,    plum, 

cherry 

.'!.  Citrous  fruits,  ex.  orange,  lemon' 
grape-fruit 

4.  Nuts — almond,  Brazil,  chestnut, 
cocoanut,  hickory,  pecan,  wal- 
nut 

b.  Vine  fruits,  ex.  grape 

c.  Small    fruits,    ex.    strawberry,    rasp- 

berry,  blackberry,   currant,   goose- 
berry 

d.  Plant  fruits — bananas,  plantain 
Forests 

a.  Soft  woods,  ex.  pine,  spruce,  cedar, 

hemlock 

b.  Hard  woods,  ex.  oak,  walnut,  hickory, 

ash,  maple,  elm 

Mineral  Kingdom 
Metallic  Minerals 

a.  Precious  Metals 

1.  Gold 

2.  Silver 

3.  Platinum 

b.  Metals  mainly  useful  in  industry 

1.  Iron 

2.  Copper 
•'!.  Lead 

4.  Zinc 

5.  Tin 

6.  Magnesium 

7.  Mercury 
8  Tungsten 

Non-metallic  Minerals 
a.    Precious  Stones 

1 .  Diamond 

2.  Opal 

3.  Amethyst 
1.  Turquoise 
5.    Garnet 

•  i     Topaz 


b. 

Abrasives 

1 .  I  )iamond 

2.  Corundum  (emery) 

3.  Quartz 

4.  Carnet 

c. 

Food 

1.    Rock  salt 

d. 

Inflammables 

1 .  Sulphur 

2.  Graphite 

.'!.    Diamond 

e. 

Fibrous 

1.    Asbestos 

Composition  of  the  Atmosphere 

Component 

Volume 
(Per  Cent) 

77.30 

Oxygen 

20.80 

Argon . 

0.94 

Water  vapor.  . 

0.92 

Carbon 

dioxide 

0.02 

Hydrog 

?n .  .  .  . 

0.01 

Neon .  . 

0.0012 

0.0004 

Krypton 

Xenon 

Radio-a 

ctive  emanations  \  Traces 

Oxides  of  nitrogen 

Ozone 

J 

The  available  materials  in  the  earth  may 
be  said  to  exist  in  a  rocky  crust  ten  miles 
thick,  the  volume  of  which  including  the 
ocean  is  1,633,000,000  cubic  miles,  and  the 
composition  of  which  is  given  in  the  following 
table : 

Composition  of  Known  Matter  of  the  Earth 


Density  of  crust 2.5 


Atmosphere per  cent 

Ocean per  cent 

Solid  crust per  cent 


0.03 

6.58 

93.39 

100.00 


The  average  composition  of  the  solid  part 
of  this  shell,  frequently  known  as  the  litho- 
sphere,  is  given  in  table  on  facing  page. 

Raw  Materials,  Sources  and  Products 

A  nimal 

Meats:     Packing  house  products,  prepared 

meats,    fish    meats,    poultry    and    eggs. 

fertilizers 
Hides:     Hair,  fabrics,  hats,  felt,  fur,  leather 
Fertilizers 
Oils:     Greases,  lard  oil,  tallow,  lard 
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Average  Composition  of  the  Lithosphere 


Composition  of  Ocean  and  Its  Salts 


Composition  of  Oceanic  Salts 

Composition  of  Ocean 

NaCl 

77.76 
10.88 
4.74 
3.60 
2.46 
0.22 
0.34 

0 

85.79 

MgCh 

MgSOi 

CaSOt 

K2SO, 

H. . 

10.67 

CI.  . 

2.07 

Na 

Mg.... 

1.14 
0.14 

MgBn.. 
CaCOt. 

0.05 

K.. 

0.04 

S 

Br 

C 

0.09 

0.008 

0.002 

100.00 

KID.IIIIII 

Raw  Materials,  Sources  and  Products  (Cont'd) 

Sea 

Fish:  Fresh,  preserved,  canned,  by-prod- 
ucts, fertilizer 

Vegetable:  .Seaweed,  chemicals,  fibers, 
foods 

Animal:     Furs,  oils,  foods,  coral,  sponges 

Crustacea,  mollusca 

Forest 

Logs:     Lumber,  timber,  shingles,  lath,  ties, 

poles,  paper,  veneer,  fertilizer 
Fuel:     Firewood,  charcoal 
Chemicals:     Gums,  oils,  dyes,  drugs,  sugar 


Farm 

Grains:     Flour,      breakfast     foods,     feed, 
liquors  (alcoholic) 

Fodder 

Fruits:     Canned,      natural     dried,     dehy- 
drated 

Vegetable:     Canned,  natural,  dried,  dehy- 
drated 

Fibers:     Wool,  cotton,  flax,  jute,  silk 
Mines 

Coal:     Hard,  soft 

Ores:     Pig  metals,  metal  shapes,  chemicals 

Chemicals:     Fertilizers,  drugs,  pigments 

Fibers :     Asbestos 
Quarries 

Stone:     Soapstone,  garnet,  quartz,  corun- 
dum slate,  marble,  granite,  building  stone 

Banks:     Clay,  gravel,  sand,  broken  stone 
Wells 

Oil:     Fuels,  lubricating,  paint,  medicines 

Waters:     Table,  salt,  chemicals,  medicinal 

Gas:     Fuel,  illumination 

RAILROADS  OF   THE   WORLD 


Argentina 

Australia 

Austria  (not  including  Czecho 

Slovakia) 

Hungary 

Belgium 

Brazil 

Bulgaria 

Canada 

Chile 

China 

Cuba 

Denmark  

Finland 

France 

Czecho-Slovakia 

Germany 

Greece 

Italy 

Japan 

Netherlands 

Norway 

Portugal 

Roumania 

Russia 

Serbia 

Spain 

Sweden 

Switzerland 

United  Kingdom 

British  Colonies 

U.  S.  A 


1918 
1918 

1914 
1914 
1914 
1917 
1916 
1917 
1918 
1920 
1916 
1918 
1916 
1914 
1914 
1914 
1913 
1917 
1918 
1917 
1918 
1913 
1914 
1916 
1914 
1917 
1917 
1917 
1916 
1914 
1916 


Length  of 
Railways 
in  Miles 


21,880 
25,308 

14,085 

13,589 
5,451 

17,447 
1,824 

38,604 
5,611 
6,836 
2,359 
2,645 
2,527 

31,958 
1,654 

39,600 
1,396 

11,891 
7,834 
2,113 
2,010 
1,854 
2,382 

48,955 
977 
9,354 
9,303 
3,660 

23,709 

8,128 

298,928* 


*  Includes  32,547  miles  of  electric  railway. 

The  total  length  of  all  the  railways  of  the  world 
has  been  estimated  at  approximately  1,585,950 
miles. 
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World's  Merchant  Tonage,    1919  and  1920* 

The  total  number  and  gross  tonnage  of 
steam  and  sailing  vessels.  100  gross  tons  and 
upward,  are  shown  according  to  flag  of 
tonnage.  Ex-enemy  tonnage  surrendered 
under  the  terms  of  the  Treaty  of  Versailles 
but  not  yet  allocated,  is  included  in  "All 
other  tonnage." 


Name  of  Port 


Flag  of 

June 

in   I'U'i 

June 

30,  1920 

Tonnage 

Vessels 

Gross  1  ons 

1,370,097 

Vessels 

Gross  Tons 

Italy 

858 

1,115 

2,242,393 

Greece 

312 

323,796 

405 

530,261 

France 

1,440 

2,233,631 

1,758 

3,245,194 

Uruguay. . . 

43 

44,499 

47 

63,837 

Spain 

576 

750,611 

749 

997,030 

Belgium . 

152 

313,276 

213 

415,112 

Japan  

1,418 

2,325,266 

1,940 

2,995,878 

United 

States  a  .  . 

4,929 

13,091,773 

5,457 

16,049,289 

Norway.  .  .  . 

1,629 

1  ,S.-,7,S2'I 

1,777 

2,219,388 

Roumania 

35 

63,792 

39 

74,549 

Denmark. 

645 

702,436 

745 

803,411 

Cuba 

51 

47,295 

53 

53,439 

Holland 

931 

1,591,911 

987 

1,793,396 

63 

79,342 

69 

88,962 

Great 

Britain  b  . 

10,105 

18,607,875 

10,831 

20,582,652 

Sweden .... 

1,263 

992,611 

1,297 

1,072,925 

China 

102 

132,515 

102 

142,834 

Portugal 

227 

261,212 

249 

275,665 

Chile 

114 

101,647 

112 

103,788 

Russia 

618 

541,005 

613 

534,547 

Brazil 

428 

512,675 

400 

497,860 

Argentina  .  . 

215 

154,441 

198 

150,023 

Finland.  .  .  . 

338 

180,962 

312 

166,689 

Germany.  . . 

1,768 

3,503,380 

1,138 

672,671 

All  other.  .  . 

995 

1,135,396 

989 

1,542,272 

Total.  .  .  . 

29,255 

50,919,273 

31,595 

57,314,065 

a  Includes  Great  Lakes  and  Philippine  tonnage, 
b  Includes  Dominions. 


CANALS   AND   INLAND   WATERWAYS 


Name  of  Canal  or 
Points  Connected 

Total 
Length 
Miles 

Width 
Ft. 

Depth 
Ft. 

103 
16 

35^ 

61 
41 
136 

60 

5 

13 

340.4 

40  Yi 

108 

120 

72 

72 

32-39 

82 

200 
150 
HOlocks 
300 

35 

20  Yi 

Manchester — Manchester 

28 

Kiel     Canal     (Baltic 

and 

36 

10 

9.8 

(Berlin-Stettin) 
Marseilles — River  Rho 

ne .  . 

20 

Cape  Cod  Ship  Canal 

25 
12 

41 

New  York 

Hamburg 

Hongkong- Victoria 

Gibraltar 

Shanghai 

Liverpool 

Buenos  Aires 

Lisbon 

Montevideo 

Singapore 

Antwerp 

Rotterdam 

London 

Kobe 

Marseilles 

Genoa 

Rio  de  Janeiro 

Trieste 

Yokohama 

Havana 

New  Orleans 

Havre 


Factors  Which  Make  up  a  Port 
Channels;  Quays  and  Piers;  Slips;  Transit 
Sheds;  Warehouses;  Industries;  Belt  Rail- 
roads; Harbor  Transportation  Facilities; 
Local  Land  Transportation  Facilities;  Rail- 
road Terminals;  Freight  Handling  Machinery; 
Power  Supply;  Custom  House;  Repair  Facili- 
ties; Police  Protection  on  Land  and  Water; 
Fire  Protection  on  Land  and  Water. 

MAXIMUM    SIZES   OF   PIERS   AT   LANDING 
PORTS  OF  THE   WORLD 


Width 

Length 

Ft. 

Ft. 

European  Ports 

Antwerp  (proposed) 

1000 

4000 

Hamburg 

550 

3000 

Marseilles 

430 

1318 

London  (Tilburv  Docksi 

400 

1600 

275 

1250 

A  merican  Ports 

Buenos  Aires  (proposed) 

667 

1930 

Portland,  Oregon 

480 

1350 

400 

1200 

Halifax 

340 

1250 

Montreal 

300 

1250 

Philadelphia 

300 

1200 

200 

981 

Baltimore 

200 

1450 

New      York       (proposed       at 

Stapleton) 

8  of 

125 

1300 

2  of 

130 
209 

1300 

2  of . . . 

1300 

*  Source  of  information:  Lloyds  Register  of  Shipping. 


(From  Scientific  American,  May  1, 1920,  page  492.) 
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Classification  of  Freight  Terminals 

Railroad:     Local    station,     branch    inter- 
section junction  of  two  roads,  transfer 
station 
General 
Marine  with  Railroad  Connections 

Municipal  ownership,  railroad  owner- 
ship, corporate  ownership ,  navigation 
company  ownership 

Public  Carriers 

Marine:  Deep-sea,  coastwise,  lake,  canal, 
river,  harbor. 

Land:  Electric  surface  roads,  electric  sub- 
ways, railroads,  trucks,  drays. 

Carriers  of  Freight 

Animal:  Man,  dog,  horse,  water  buffalo, 
ox,  camel,  elephant,  llama,  mule,  donkey. 

Hand :  Wheelbarrow,  sled,  hand 
truck,  cart 

Animal  propelled:  Wagon,  sleigh, 
Vehicle:  \       sledge,  cart,  tote  poles 

Power:  Electric  truck  trailers 
with  tractor  steam  truck,  gas 
truck,  trolley  car,  freight  car. 

Boat :  Rowboat,  canoe,  sailboat,  raft,  ship, 
tow  barge,  steamboat,  steamship 

Containers  for  Package  Freight 
Crates:     Wood,  veneer 
Hampers :     Wood 

Boxes:     Wood,  veneer,  fiber  board,  metal 
Barrels:     Slack,  tight,  wood,  steel 
Drums :     Steel 
Bags:     Cotton,  jute 
Wrappers:     Jute,  paper,  burlap,  cotton 

Freight  Handling  Apparatus 

Gravity  Devices — Endless  Conveyors — 
Track  Devices — Trackless  Devices — Cranes 
— Elevating  and  Piling  Machinery — Portable 
Hoisting  Machinery. 


(  lassification  of  Freight 
Bulk: 

Free  Flowing:     Oil,  sand,  grain,  coal,  ore 
Non-flowing:     Brick,    coke,    pig   metals, 
lumber,  steel 
Live   Stock:     Horses,    cattle,    sheep,   hogs, 

poultry 
Package:     Boxes,     barrels,     bags,     crates, 
bales,  bundles,  articles,  machinery 

Physical  Characteristics  of  Package  Freight 
Size  —  Weight  —  Density  —  Space  factor — 
Stowage   factor — Solid,   liquid    or   gaseous — 
Dangerous  or  safe — Odorous  or  non-odorous 
— Type  of  container. 

Costs 
Factors  to  be  taken  into  consideration  in 
determining  the  actual  cost  of  handling  freight : 
Direct  labor 
Indirect  labor 
Cost  of  power 

Interest  on  machinery  and  plant  invest- 
ment 
Depreciation,  wear  and  tear,  obsolecense 
and  replacement  of  machinery 

Additional  factors  to  be  considered  in 
determining  the  effect  of  freight  handling  on 
the  cost  of  commodities : 

Stand-by  charges  on  vessels,  cars  and 
trucks;  deterioration  of  freight  due  to 
delays;  storage  and  insurance  charges; 
interest  on  the  capital  tied  up  in  the 
freight;  interest  on  capital  invested  in 
warehouse  and  terminal  buildings. 

Problems  in  Freight  Handling 
Determination  of — 

Most  economical  and  successful  container; 
most  economical  and  successful  railroad 
car  and  ship ;  best  arrangement  of  railroad 
and  steamship  terminals;  correct  ratio  of 
transit  shed  area  to  berthing  space; 
correct  ratio  of  transit  shed  area  to 
warehouse  capacity;  type  and  quantity 
of  power  driven  machinery  to  be  used 
for  each  particular  case. 
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A  Brief  Directory  of  Material  Handling  Apparatus 

By  R.  II.  McLain 
Power  vnd  Minis..  Engineering  Department,  Generai   Electric  Company 

An  executive  may  read  a  great  deal  about  the  inadequacy  and  inefficiency  of  methods  for  handling  ma- 
terials and  realize  fully  thai  tin-  enterprise  in  which  he  is  interested,  whether  factory,  railway  terminal,  or 
sea  port,  is  woefully  deficient  with  respect  to  this  important  factor.  He  may  firmly  resolve  to  remedy  the 
evil,  but  will  In-  unable  to  act  until  he  has  made  a  thorough  study  of  material  handling  apparatus  with  the 
view  to  selecting  that  equipment  which  is  best  adapted  to  his  own  peculiar  requirements.  This  article  has 
been  prepared  to  assist  in  making  the  selection.  It  presents  in  condensed  form  desi  riptions  and  illustra- 
tions of  a  large  number  of  freight  handling  devices  which  are  suitable  for  handling  practically  all  classes  of 
materials  through  horizontal  and  vertical  motions,  over  long  and  short  distances. — Editor. 

Liquids  such  as  oils  and  others  not  con- 
tained in  cases. 

Package  material  may  tie  divided  into 
miscellaneous  packages  and  uniform  pack- 
ages. Miscellaneous  packages  may  be  divided 
into  large  packages  weighing  300  lb.,  and  up, 
medium  packages  weighing  50  to  300  lb., 
and  small  packages  weighing  50  lb.,  or  less. 
.Miscellaneous  packages  are  intended  to  mean 
not  only  box,  bale  and  bag  material,  but  also 


THE  object  of  this 
paper  is  to  pre- 
sent a  fairly  compre- 
hensive view  of  the 
freight  handling  field 
from  a  mechanical 
standpoint  for  the 
purpose  of  pointing 
out  to  laymen  the 
possibilities  of  econo- 
mies in  freight  han- 
dling and  the  probable 
type  of  machine  to 
which  thev  may  look 
r.  h.  McLam  for   these  "economies. 

A  number  of  rules  for  the  application  of  vari- 
ous types  of  machinery  will  be  stated,  but  this 
subject  is  so  broad  that  it  will  be  impossible 
to  put  in  sufficient  explanatory  remarks  to 
make  these  rules  at  all  rigid.  The  author 
recognizes  the  fact  that  the  various  types  of 
machines  are  continually  undergoing  changes 
and  developments  which  expand  or  modify 
their  field  of  usefulness,  so  that  no  rule  as 
stated  can  ever  be  considered  as  up-to-date. 
The  field  is  so  large  and  the  opportunities  for 
invention  and  knowledge  are  so  great  that  it 
is  impossible  to  give  information  which  is.  in 
any  sense,  to  be  co  idered  final  and  correct. 
In  solving  problc  ,  connected  with  freight 
handling  work,  it  is  advisable  in  each  case  that 
an  expert  study  the  particular  application. 

No  serious  effort  would  be  made  to  defend 
the  rules  announced  later  on  in  this  article 
against  any  attack  which  might  be  made 
upon  them  by  a  person  who  has  studied  some 
particular  situation  thoroughly  and  dise 
with  the  recommendation. 

For  the   purpose  of   this  article,  material 
will  be  divided  as  follows: 

DIVISION   OF   MATERIAL 
Bulk  material   may   be  divided   into   free 
flowing  material  such   as   grain,   sand,   coal, 
and  non-free   flowing   material    such   as   ore 
and  asphalt. 


Fig.  1 .  This  ancient  and  expensive  method  of  handling 
packages  could  be  improved  by  the  use  of  the  hand 
truck  or  power-operated  machinery 


Fig.  2.  The  well-known 
Stevedore  Truck  is 
very  economical  for 
short  movements, 
fifty  feet  or  less,  but 
is  of  questionable 
economy  at  greater 
distances 


pieces  of  material  such  as  beefs,  shovels, 
chairs,  etc.  Uniform  packages  of  material 
may  also  be  divided  into  large,  medium  and 
small  as  regards  weight.  This  covers  such 
material  as  comes  in  uniform  bags,  boxes  or 
barrels,  and  hence  is  more  readily  adapted 
to  specially  built  and  refined  machinery. 
Bunches  of"  bananas  would,  for  instance,  be 
considered  in  this  class. 
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MACHINERY 

Machinery  may  be  divided  into  three 
classes,  viz. :  First,  common  laborers  using 
their  hands  or  shovels,  forks,  etc.;  second, 
hand-operated  machinery  such  as  wheel- 
barrows, pushcarts,  two-wheel  trucks,  four- 
wheel  trucks,  etc. ;  third,  power-operated 
machinery.  This  power-operated  machinery 
can  be  divided  into  three  classes:  first, 
machinery  for  hoisting;  second,  machinery 
for  conveying;  and  third,  machinery  for  a 
combination  of  hoisting  and  conveying. 

Hoisting  machinery  consists  in  general  of 
platform  elevators  of  either  the  stationary 
type  such  as  are  used  in  buildings,  or  the  mov- 
able type  for  moving  around  in  rooms ;  bucket 
or  chain  elevators,  chutes,  gravity  lowerators, 
whip  hoists  of  some  type  or  other. 

Conveying  machinery  comprises:  pumps 
with  pipe  lines,  belt  or  bucket  conveyors, 
gravity  roller  conveyors,  capstans  for  pulling 
cars,  horse-drawn  carts,  electric  storage 
battery  platform  trucks,  electric  storage 
battery  locomotives  either  for  running  on 
rails  or  running  on  roads  (sometimes  railed 
tractors),  gasoline  trucks  and  tractors,  steam 
railway  systems,  boats. 

Hoisting  and  conveying  machinery  consists 
of  escalators,  incline  belt  conveyors,  high  lift 


Fig.  3.  With  a  Hand-oper- 
ated Elevating  Platform 
Truck  having  skids,  one 
man  can  lift  a  load  up  to 
2000  lb.  and  can  move  it 
away.  This  system  is 
advantageous  in  factories 
where  the  product  is  piled 
on  skids  one  small  piece 
at  a  time  and  then  the 
whole  removed  by  truck. 
Skids  may  also  be  han- 
dled by  power  machines 
such  as  in  Fig.  9.  and 
they  should  be  built  with 
this  in  view 


Fig.  4.  A  Portable  Hand-oper- 
ated Crane  useful  in  a  factory 
or  warehouse  for  making  occa- 
sional short  lifts  of  heavy  pieces 
which  are  too  large  for  several 
men  to  handle 


elevating  platform  trucks,  and  especially 
electric  overhead  traveling  cranes  or  loco- 
motive cranes;  also  a  combination  of  several 
of  the  types  of  machinery  named  under 
hoisting  with  others  named  under  conveying 


could   be   used    for   combined    hoisting   and 
conveying. 

Cranes  cover  such  a  wide  variety  of  ma- 
chinery that  a  further  detailed  description  is 
desirable.  Cranes  may  be  divided  into  two 
classes,  viz.,   for   miscellaneous  use,  and  for 


Fig.  5.  Portable  Power -driven 
Conveyor  set  up  in  sections 
and  used  for  filling  a  ware- 
house with  medium  size 
packages.  The  conveyor  can 
be  easily  transported  to  an- 
other section  of  the  ware- 
house for  similar  duty.  The 
capacity  is  about  one  ton 
per  minute 


Fig.  6.  Small  Portable  Conveyor  used  for  lifting  and 
transporting  medium  size  packages  for  a  short  dis- 
tance, in  connection  with  loading  box  cars,  wagons, 
etc.     The  discharge  height  is  adjustable 


special  purposes.  Cranes  for  miscellaneous 
use  cover  electric  overhead  traveling  cranes, 
electric  cranes  with  revolving  top,  and  steam, 
gas.  and  electric  self-propelling  locomotive 
cranes.  Special  purpose  cranes  include  grab 
bucket  cranes,  car  dumpers,  moving  machin- 
ery for  belt  conveyors,  magnet  or  tong 
cranes,  drag  line  excavators,  electric  and 
steam-operated  shovels. 

PROPER   LIMITS  FOR   MANUAL  LABOR 

The  main  object  of  all  machinery  is  to 
eliminate  manual  labor  as  far  as  is  economical, 
and  to  make  use  of  man  for  the  higher  pur- 
pose of  directing  the  operation  of  the  machin- 
ery. 

The  following  rough  guide  points  out  the 
proper  places  to  hope  for  economies  in  the 
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use  of   machinery  instead  of  men,  unaided 
by  any  mechanical  device: 

1.  Where  three  or  four  men  are  working 

together  on  one  job  for  a  couple  of 
hours  at  a  time,  even  though  the  work 
is  not  performed  more  than  three  or 
four  times  a  week. 

2.  Whenever  aman  has  to  lift  anything  from 

his  feet  to  a  point  above  his  head. 
:;.   Win-never  a  man  has  to  lift  more  than 

50  lb.  from  his  feet  to  his  shoulders. 
4.  Whenever  a  man  has  to  lift  more  than 

LOO  lb.  from  his  feet  to  his  waist. 


Fig.  7  Portable  Con- 
veyor or  Mot  or  - 
driven  Tiering  Ma- 
chine. The  height  of 
the  boom  is  adjust- 
able. Capacity  one 
ton  per  minute.  This 
device  is  useful  for 
high  piling  of  bags, 
bales,  boxes,  and  rolls 
in  a  warehouse 


Fig.  8.  An  Electric  Stor- 
age Battery  Propelled 
Load-carrying  Truck 
usually  geared  for  about 
four  to  five  miles  per 
hour,  capable  of  carry- 
ing about  two  tons.  This 
truck  is  especially  suited 
for  handling  miscellane- 
ous cargo  at  steamship 
and  railway  terminals ; 
also  is  adapted  for  ped- 
dling packages  of  100 
lb.  and  less  in  factories 
or  assembly  plants  where 
the  radius  of  operation 
It  negotiates  narrow  aisles  and  sharp 


Fig.  9.  An  Electric  Storage 
Battery  Operated  Load-car- 
rying Truck,  having  a  plat- 
form which  is  hoisted  about 
three  inches  by  power,  is 
adaptable  for  use  with 
"dead"  skids  or  with  "live" 
skids  on  wheels.  It  can 
handle  one  or  two  tons 
effectively  within  a  radius 
of  from  75  to  1000  ft.,  and 
can  be  advantageously  used 
in  connection  with  a  portable 

so  that  material  can  be  piled 

it  must  be    used  on   smooth 

idapted  for 


i  about   1000   feet. 


i  Fig.  26. 
...     However,  .. 
floors  on   account  of  its  small   wheels,   and 
speeds  of  from  three  to  six  miles  an  hour 


elevator  as  shown  : 
up  to  about  15  ft. 


Fig.  10.  An  Electric 
Storage  Battery  Op- 
erated Load-carry- 
ing Truck  similar  in 
principal  features  to 
the  one  shown  in 
Fig.  9  except  that 
the  platform  with 
load  can  be  elevated 
by  motor  to  about  6 
ft.  4 
It 


iseful  for  load- 
wagons,  box  cars. 


5.  Whenever  a  man  has  to  lift  more  than 
150  lb.  from  his  feet  to  his  knees. 

6  Whenever  a  man  has  to  stand  in  one 
place  steadily  moving  material  for  over 
30  minutes. 

7.  Whenever  a  man  has  to  move  material 

sidewise  more  than  six  feet,  that  is,  two 
steps. 

8.  Whenever  a  man  or  a  group  of    men, 

although  moving  around  in  a  small 
radius,  has  to  move  more  than  10  tons 
of  material  per  hour. 

If  any  of  these  limitations  are  exceeded 
there  are  certainly  chances  for  some  kind  of 
machinerv  to  show  an  economy  and  to 
relieve  the  men  of  the  drudgery  of  hard  labor 
as  illustrated  in  Fig.  1. 


Fig  11  An  Electric  Storage  Battery  Operated  Load-carrying 
Truck,  can  be  used  for  handling  two  tons  at  four  or  five  miles 
an  hour  inside  a  building:  manipulates  short  curves;  can.  on 
occasion,  be  used  as  here  shown  for  hauling  trailers  as  well. 
Its  best  use  is  for  peddling  miscellaneous  small  consignments 
of  about  100  lb.  and  less  within  one-quarter  mile  radius 


ranged 


tools,     storing     i 
teria!    on    skids 
l  tiers,  and  for  moderately  high  piling 


V„  12  Electric  Storage  Battery  Operated  Tractor-pulling 
g'  Trailers  This  tractor  may  be  used  for  pulling  anything  up 
7o  18  tons  at  about  three  to  five  miles  an  hour  msrfeabult 
SS,  ^^"an^puira't^rout  loV?"  lonT  weigMng 
?8  ton" 'through  narrow  and  crooked  aisles.  It  is  especially 
..teiulfor Meddling  consignments  of  about  500  lb.  per  trailer 
w,  h!fonePhdaTf  mile  radfus.  A  system  of  *»  t«ctor  w«h 
trailers  corresponds  to  the  system  in  Fig.  3  but  it  can  handle 
more  tonnage  a  greater  distance 


Fig.  13.  The  Electric 
Storage  Battery  Rail- 
way Locomotive  is 
especially  useful 
around  industrial 
plants  and  in  some 
mines.  It  is  adapted 
for  higher  speeds, 
greater  tonnage,  and 
greater  cruising  rad- 
ius than  the  trackless 
electric  locomotive 
shown  in  Fig.  12. 
Although  it  is  lim- 
ited to  operation  on 
rails,  it  requires  no 
trolley  wires 
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SHORT   GUIDE  TO  THE  ECONOMICAL  USE  OF    MACHINERY 


Once  it  is  decided  to  eliminate  manual 
labor,  the  only  question  is  to  decide  what 
type  of  machinery  is  best  adapted  for  the  work 
and  offers  the  best  chances  of  showing  econo- 
mies. A  great  deal  of  business  judgment  is,  of 
course,  necessary  in  determining  what  con- 
stitutes an  economy.  In  order  for  a  machine 
to  prove  its  acceptability  it  must  not  only 
show  a  profit  in  operation  while  it  is  busy  but 
the  nature  of  the  installation  must  be  such 
that  the  machine  can  be  kept  busy  a  suffi- 
cient amount  of  time  to  pay  an  appreciable 
profit  and  also  to  pay  for  its  first  cost  in  a 
reasonable  time.  In  looking  at  the  problem 
from  this  standpoint,  all  machinery  divides 
itself  pretty  generally  into  three  classes,  viz., 
portable  machinery,  self-propelled  machinery, 


and  fixed  machinery.  It  is  reasonable  to 
suppose  that  fixed  machinery  will  always 
operate  more  efficiently  and  economically 
than  either  of  the  other  classes,  provided  there 
is  sufficient  work  at  one  location  for  it  to  keep 
busy  continuously.  Portable  machinery  may 
be  expected  to  be  in  general  less  economical 
and  more  fragile  than  fixed  machinery  and  it 
can  show  its  best  economy  where  a  small 
amount  of  work  is  to  be  done  in  one  location 
and  a  small  amount  of  fairly  similar  work  at 
another  location,  and  so  on.  The  sum  total 
of  work  must  be  sufficient  to  keep  the  machine 
fairly  busy  and  the  expense  of  moving  the 
machinery  must  be  such  as  to  be  negligible 
compared  to  the  amount  of  labor  and  expense 
it  saves  when  it  is  set  up  at  one  location  or 


Fig.  16.  An  Electric  Storage  Battery  Operated  PUtfonn-carryinglTruck.  It  weighs  45001 lbs  -J"*  'Urates 
5000  lbs.  on  a  48  sq.  ft.  platform  through  9  ' ,.  in.  and  carries  this  load  at  a  maximum  speed .of  7  miles  per 
hour,  into  box  carPor  indoors  through  6-ft.  aisles  and  on  city  streets.  It .is  useful  for  distances  between  75J 
and  5000  ft.  for  carrying  material  or  machines  on  any  of  the  platforms  shown 


310     April.   L92] 


GENERAL   ELECTRIC   REVIEW 


Vol.  XXIV,  No.  4 


another.  Self-propelled  machinery  is  gener- 
ally more  expensive  than  fixed  machinery,  bu1 

for  a  limited  area  it  has  the  adaptability  of 
portable  machinery  combined  with  the  econo- 
mies and  ruggedness  of  fixed  machinery. 

The  best  type  of  machinery  for  horizon- 
tal, vertical  and  combined  horizontal  and 
vertical  movements  will  next  be  discussed. 


Fig  14.  Electrically-operated  Monorail  Overhead  Cranes  can 
be  used  with  a  fleet  of  trailers.  Such  cranes  are  especially 
adapted  for  lifting  and  transporting  package  or  bulk  goods 
over  difficult  topography  where  aisles  are  not  available  on 
floors,  where  gorges,  roadways,  or  narrow  streams  have  to 
to  be  crossed.  Sharp  curves  can  be  maneuvered.  The  speed 
is  approximately  seven  to  ten  miles  an  hour.  The  tonnage 
can  be  made  to  suit  local  requirements 


Fig.  15.  The  Electric  Overhead 
Monorail  Hoist  is  especially 
adapted  for  lifting  and  trans- 
porting loads  up  to  about  five 
tons.  It  is  easier  to  install  than 
an    electric    overhead    traveling 

but,   in   general,  is   adapted    for 
light  loads  only 


For  distances  over  200  ft.  and  less  than 
1500  ft.,  electric  storage  battery  tractors 
with  trailers  running  at  about  four  or  five 
miles  per  hour  are  useful,  specially  where  the 
movements  are  to  take  place  between  points 
which  are  not  fixed.     See  Figs.  II,  12,  and  16. 

For  the  same  conditions  but  for  points 
which  are  fairly  nearly  fixed,  or  at  least  con- 
fined  to  a  trackway,  an  electric  overhead 
monorail  crane  system  with  tractors  and 
trailers  would  be  applicable.  See  Figs.  13. 
1  I.  and  15. 

For  movement  of  material  between  7  5  ft 
and  ."i()00  ft.  either  indoors,  through  aisles,  or 
on  streets,  an  electric  load-carrying  truck 
which  can  elevate  any  one  of  a  system  of 
platforms  as  shown  in  Fig.  Hi  can  be  used. 


Fig.  17.  The  Electric  Storage  Battery  Automobile  Truck  for  road 
use  is  especially  adapted  for  peddling  packages  of  200  lb. 
and  less  within  a  radius  of  about  one  mile.  It  has  a  speed 
of  about  10  miles  an  hour 


HORIZONTAL   TRANSPORTATION 
For  Miscellaneous  Packages 

Man-propelled  machinery,  such  as  wheel- 
barrows, two-wheel  stevedore  trucks,  four- 
wheel  trucks,  etc..  are  generally  economical 
for  moving  goods  U]  i  t<  i  75  ft.  provided  no  one 
package  weighs  over  1000  lb.,  and  provided 
the  movement  must  take  place  between  pi  dnts 
of  receiving  and  discharge  which  are  not  at 
all  fixed.     See  Figs.  2,  3.  and  4. 

If  the  points  between  which  movements 
take  place  are  fixed  for  any  considerable 
length  of  time,  medium  size  packages  may  be 
economically'  handled  between  distances  of 
10  and  1000  ft.  on  belt  conveyors  if  some- 
thing like  10  tons  per  hour  or  more  are  to  be 
handled  long  enough  to  warrant  the  move- 
ment of  the  machinery  up  to  the  points  ol 
use.     See  Figs.  5,  (i.  and  7. 

For  movement  of  material  between  points 
which  are  not  fixed  for  distances  ranging  fn  im 
75  to  200  ft.,  electric  storage  battery  plat- 
form trucks,  built  for  low  speed  of  four  miles 
per  hour  indoors,  are  useful.  See  Figs  8 
!>.  10,  and  Hi. 


Fig.  18.  The  Gaso 
line  Automobile 
Truck  and  Trailer 
is  the  best  means 
for  moving  loads 
up  to  about  five 
tons  weight  on 
short  haul.  This 
system    will    prob- 

trafnc  within  a  radius 


Fig.  19.  Gasoline 
Automobile  Truck 
with  special  dump- 
ing body  used  for 
handling  free  flow- 
ing bulk  material 
such  as  coal,  ashes, 
stone.  It  reduces 
ng 


the     ui 
charge 


For  distances  between  1500  and  5000  ft., 
between  points  which  are  not  fixed,  an 
electric  storage  battery  automobile  of  the 
road  type,  running  at  something  like  8  or  10 
miles  an  hour,  would  be  useful.      See  Fig.  1  i . 
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For  distances  between  1  mile  and  50* 
miles.' where  the  points  of  receiving  and 
discharge  are  not  fixed,  the  gasoline  auto- 
mobile geared  for  speed  between  15  to  25 
miles "-per  hour  is  useful.     See  Figs.  IS  and  19. 


railways  trains  and  boats  introduces  such 
a  large  question  that  no  approximations 
should  lie  allowed  to  influence  a  user, 'and 
any  particular  case  should  be  thoroughly 
studied. 


For  distances  between  1  mile  and  50  miles, 
between  points  which  are  not  fixed,  the 
gasoline  tractor  with  trailers  might  prove 
economical.     See  Figs.  IS  and   L9 

For  distances  between  30  miles  and  say 
200  miles,  or,  if  no  water  transportation  is 
available,  any  distance,  it  is  probable  that 
the  steam  railway  system  affords  the  most 
economical  transportation.  The  long  dis- 
tance haulage  of  material  is  undergoing  radi- 
cal development.  The  ideal  solution,  which 
is  every  day  approaching  realization,  is  a  com- 
bination of  auto-truck  with  railway  cars .  The 
railway  will  cany  the  goods  over  long  dis- 
tances in  demountable  unit  containers.  These 
will  be  loaded  or  unloaded  by  cranes  at  termi- 
nals on  or  off  auto  trucks,  and  thus  distributed 
and  collected  locally.  Such  a  system  com- 
bines the  ton-mile  economy  of  the  railway 
with  the  distribution  economy  of  auto  trucks 
and  the  handling  economy  of  cranes. 

For  distances  of  150  miles  and  above,  water 
craft  would  probably  be  the  most  economical 
means  of  transportation  if  conditions  are 
favorable  for  its  operation. 


Fig.  20.  A  Specially  Constructed  Belt  Conveyor  suitable  for 
handling  barrels  between  a  delivery  point  adjacent  to  a 
warehouse  and  the  floors  of  the  warehouse.  All  the  opera 
tions  are  automatic  from  the  point  of  delivery  until  the 
barrels  are  rolled  away  from  the  carrier.  The  operation  can 
be  reversed  to  lower  the  barrels,  and  the  capacity  could  be 
made  as  high  as  275  barrels  per  hour 

Of  course  the  proper  economic  line  of 
demarcation  between  gasoline  trucks,  steam 

*This  limiting  distance  is  at  present  uncertain.  Roads, 
traffic,  congestion,  class  of  material,  price  of  gasoline  and  oil  are 
such  changing  quantities  that  we  can  state  no  final  conclusion. 
300  miles  may  be  the  limit  under  ideal  conditions. 


T 


Fig.  21.  A  Specially  Constructed  Belt  Conveyor  for  han- 
dling selected  sizes  of  miscellaneous  packages  between 
a  receiving  point  and  store-rooms;  also  from  store- 
rooms to  delivery  point  in  large  department  stores 
and  mail  order  houses 


For  Uniform  Packages 

Belt  conveyors  arc  useful  provided  tonnage 
is  K)  tons  per  hour  or  more  between  fixed 
points  for  long  enough  time  to  warrant 
installation  of  machinery.  Sec  Figs.  5,  6,  7, 
20,  and  21. 

Chutes  and  roller  gravity  conveyors  are 
also  useful.     See  Figs    22  and  23. 

Of  course  for  distances  above  1000  ft.,  the 
transportation  means  outlined  for  miscella- 
neous material  will  apply. 

For  Bulk  Material 

Belt  conveyors  are  useful,  specially  where 
more  than  20  or  30  tons  per  hour  are 
to  be  handled  between  points  which  are 
fixed  for  more  than  an  hour  or  two.  See 
Fig.  24. 

Screw  conveyors  arc  applicable  to  certain 
material  which  cannot  be  moved  by  belt  con- 
veyors. 

Free  flowing  bulk  material  such  as  wheat, 
cotton,  straw,  etc.,  may  sometimes  be  trans- 
ported by  pneumatic  means. 

Trucks  with  special  self-dumping  bodies  as 
in  Figs.  16,  19  and  25. 
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For  distances  of  more  than  1000  feet  the 
means  outlined  for  miscellaneous  material 
will  apply.  Belt  conveyors  arc  being  consid- 
ered  for  carrying  coal  for  live  miles  out  of  a 
mine. 

VERTICAL  TRANSPORTATION 
For  Miscellaneous  Packages 

In  the  body  of  a  warehouse  where  stock 
is  not  shifted  often  and  where  high  piling  is 
necessary,  the  portable  platform  elevator  is 


useful  for  packages  ranging  from  500  to 
L'nou  lb.;  but  the  heavier  packages  are  not 
handled  so  economically  unless  they  are  of 
such  shape  and  consistency  as  to  be  rolled 
or  moved  fairly  easily,  such  as  rolls  of  paper, 
barrels,  etc.     See  Figs.  26  and  27. 

For  heavy  and  unwieldy  packages  a  loco- 
motive crane  with  a  whirler  top  is  likely  to  be 
economical,  as  it  affords  means  of  making  fast 
to  the  material  by  means  of  hooks  or  slings. 
See  Figs.  i»s   29,  and  30. 


Fig.  22.  The  Gravity 
Roller  Conveyor  is 
very  economical 
where  a  targe  num- 
ber of  small  pack- 
ages are  to  be  moved 
down  a  slight  grade 
either  on  a  straight- 
away or  around  a 
curve.  It  is  useful 
in  bottling  works  for 
handling  milk  cans, 
brick,  tile,  and  boxes 


Fig.  23.  Spiral  Gravity  Chutes 
are  useful  for  lowering  in 
warehouses  but  not  for  ele- 
vating. They  have  a  ca- 
pacity of  about  one  ton  per 
minute  per  chute  and  will 
handle  packages  in  any  size 
up  to  200  lb. 


Mii^211^^ 


.     24.      Car    Dumper    Plant  Combined    with   Belt   Conveyor 
system.     This  equipment  is  applicable  to  loading  ships,  at 
right,  from  railroad  cars,  dumped  at  left,  by  i 
belt  conveyor  at  rate  of  6000  tons  per  hour 


ubber 


Fig.    25.      The    Electric    Stor- 
age   Battery    Load-carrying 
special     body 

;  especially 


and  geared  for 
miles    an  hour,  .„  . 

adapted  for  running  i 

aisles  around  sharp  curves 
and  carrying  bulk  material 
such  as  coal,  ashes,  and 
crushed  stone.  It  is  gener- 
ally useful  in  a  manufactur- 
ing or  power  plant  and  can 
be  loaded  advantageously 
by  a  scoop  conveyor  such  as 
shown  in  Fig.  38 


Fig  26.  A  Portable  Ele 
vator  enables  one  mar 
to  pile  to  any  height 
inside  a  building,  heavy 
packages  which  he  could 
not  otherwise  pile  v 
sisted.  As  seen  in  Fig.  27 
two  men  in  team  work 
can  pile  these  heavy 
packages  advanta 
geously.  The  device  wil 
handle  packages  up  to 
about  1500  lb.  and  will 
make  one  trip  in   about 


Fig.27.  A  variation  of  Fig.26 
showing  the  team  work 
of  two  men.  These  ele- 
vators may  be  operated 
by  hand  crank  for  low 
speed  or  by  motor  for 
more  rapid  speed 


Fig.  28.  A  Standard-gauge 
Railway  Locomotive 
Crane  may  be  used  for 
handling  rough  material 
such  as  castings  from 
storage  alongside  rail- 
road tracks.  It  can  be 
equipped  with  a  magnet 
to  handle  scrap  iron,  or 
with  a  self-filling  grab 
bucket  to  handle  bulk 
material  such  as  coal 
ashes,  etc.,  between  stor- 
age piles  and  cars  or  boats.  Also,  it  can  be  arranged  with 
an  especially  high  boom  for  placing  structural  steel  in  tall 
buildings,  bridges,  etc.  The  crane  consists  of  standard  rail- 
way power -propelled  trucks  on  which  is  a  revolving  jib  The 
boom  can  be  hoisted  or  lowered 
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For  small  or  medium  packages  inside  a 
building,  the  portable  belt  conveyor  is 
adaptable.     See  Fig.  7. 

The  electric  overhead  traveling  crane  is 
applicable  to  this  type  of  work,  specially 
where  the  material  in  a  certain  place  is  to  be 
moved  in  and  out  every  day  and  also  where 
exceptionally  large  pieces  have  to  be  handled. 
See  Figs.  14,  15,  and  31. 


Fig.  29.  A  simplified  Loco- 
motive Crane  such  as 
this  can  be  moved 
around  by  hand  inside 
a  building  and  used 
for  high  piling  of  heavy 
and  unwieldy  pack- 
ages. A  motor  is  used 
for  hoisting 


Between  tin-  floors  of  warehouses,  whip 
hoists  attached  to  a  winch,  capstan  or  crane, 
or  to  the  end  of  tractor,  are  applicable  if  the 
material  is  not  on  wheels,  and  if  hoisting  is 
to  be  done  at  one  place  only. 


Fig.  32.  The  Fixed  Electrically-driven  Ramp  is  advantageous 
in  overcoming  a  difference  of  level  due  to  tide  variation.  It 
enables  truckers  to  climb  heavy  grades  without  additional 
labor 


Fig.  30.  A  Portal  Revolving  Jib  Crane.  The  jib  revolves  com- 
pletely around,  the  cab  moves  crossways,  and  the  bridge 
can  move  lengthways.  Variations  of  this  crane  are  useful 
for  unloading  boats,  railroad  cars,  and  handling  heavy 
storage.  The  useful  sizes  range  from  1  '  ■.>  to  3  tons  for  ship's 
cargo.  The  speed  is  about  l2  to  1  trip  per  minute.  Rail- 
road tracks  can  be  bridged,  and  the  rear  can  be  supported  on 
a  building  instead  of  on  ground  level  track 


.  31.  The  Electric  Overhead  Traveling  Crane  is  especially 
adapted  for  handling  all  size  packages  at  a  high  rate  of  speed 
and  especially  material  weighing  over  1000  lb.  which  men 
could  hardly  be  expected  to  move  by  any  other  means.  It 
is  economical  only  where  a  large  volume  of  material  is  to  be 
moved  every  day 


The     Auto- 
Electric   Self- 
dumping  Skip  Hoist, 
can   be  arranged  for 
ial 
from  the   bottom  of 
a  fixed  hopper  to  the 
top  of  another  fixed 
hopper.    The  heights 
range  from  20  ft.  to 
1  hundred  feet; 
of  the 
skips  vary  from  one 
to  twenty-five   tons. 
The  number  of  round 
trips   per  hour   vary 
from  30  to  60 


Fig.  34.  An  Electric  Overhead  Monorail  Crane  equipped  with 
self-filling  grab  bucket  suitable  for  carrying  bulk  material 
from  railway  cars  or  storage  piles  into  buildings.  It  can 
manipulate  curves  and  travel  at  speeds  of  7  to  10  miles  an 
hour 
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It  the  materia]  to  be  hoisted  between  floors 
of  buildings  is  on  wheels,  and  if  arrangements 
can  be  made  to  have  a  great  deal  of  lifting 
done  at  one  spot,  the  fixed  platform  building 
elevator  and  power-driven  ramp  (see  Fi 
are  available. 

For  lowering  material  from  upper  floor  in 
packages  up  to  500  lb.  in  weight  a  gravity 


For  Bulk  Material 

Skip  hoists  are  economical  where  material 
is  to  be  moved  from  a  hopper  to  a  hopper  for 
rapacities  from  50  to  L500  tons  per  hour  and 
where  the  height  or  other  physical  conditions 
Lend  themselves  to  the  use  of  a  belt 
or.      For  limited  heights,  the  belt  con- 
is  the  most  economical,  specially  where 
tonnage,  100  to  2000  tons  per  hour,  is 
to  be  moved  between  fixed  p  lints  continu- 
ously, or  for  5  or  6  hours  at  a  time.     Such 
jobs   as   stowing   coal   in   ocean  boats  come 
under    this    heading.      Belt    conveyors    are 
limited   to  not  over   2H   deg.    incline   to   the 
horizontal.     See  Fig.  33. 


Fig.  35.  A  Floating  Dredge  which  handles  a  dipper  bucket  at 
the  end  of  a  stiff  boom  is  suitable  for  excavating  submerged 
bulk  material.  It  is  used  in  mining  operations  and  in  canal 
digging  or  canal  clearing 


Fig.  36.  A  Power-operated  Shovel  carried  on  standard-gauge 
railway  tracks,  is  suitable  for  excavating  earth  in  foundation 
work,  railway  construction,  and  for  open  pit  mining  in  stone 
quarries,  coal  mines,  and  iron  mines.  The  size  of  the  dipper 
varies  from  5  to  15  tons  and  the  radius  of  the  boom  from 
20  to  150  ft.    This  latter  requires  especially  wide-gauge  track 


37.  Electric  Overhead  Traveling  Crane  similar  to  that  in 
Fig.  31,  used  with  electro-magnet.  This  equipment  can 
make  one  trip  a  minute  for  unloading  rough  magnetic  metal, 
and  has  the  great  advantage  that  it  automatically  attaches 
and  detaches  itself  to  and  from  the  load  by  electric  means 


Fig.  38.  A  Portable 
Electrically  -  driven 
Bucket  Conveyor  for 
digging  coal  out  of 
stock  piles  and 
loading  it  into  a 
wagon  or  truck . 
The  capacity  is  about 
60  tons  an  hour 


Fig.  39.  An  Installation  of  Four  Full-portal  Gantry  Cranes  with 
Revolving  Jibs  suitable  for  handling  miscellaneous  cargo 
between  railroad  cars  or  dock  and  a  ship.  The  usual  maxi- 
mum load  is  6000  lb.,  but  some  are  built  for  10,000  lb. 


chute  or  a  lowerator  is  applicable. 
21  and  23. 


See  Figs 


For  Uniform  Packages 

A  belt  or  chain  elevator  such  as  a  bucket 
elevator  or  barrel  hoist  is  economical  where  a 
large  amount  of  work  is  to  be  done.     See 

Also  lowerators  and  chutes  are  applicable 
for  this  kind  of  work. 


Grab  bucket  hoists  are  useful  for  large 
tonnages  moved  between  pile  and  hopper  and 
are  good  for  anv  height  from  10  to  300  ft. 
See  Figs.  34,  35,  36,  and  37. 

For  lowering  material  gravity  chutes  are 
generally  the  most  economical. 

Bucket  conveyors  are  capable  of  lifting  30 
ft.  vertically  as  much  as  1500  tons  per  hour. 
Smaller  sizes  can  lift  200  tons  per  hour  about 
liHi  ft      See  Fig.  38. 
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COMBINED    HORIZONTAL    AND    VERTICAL 
MOVEMENTS 

For  Miscellaneous  Packages 

Portable  belt  conveyors  are  useful  provided 
tonnages  are  greater  than  10  tons  per  hour  and 
the  work  is  to  keep  up,  between  fixed  points, 
long  enough  to  warrant  putting  the  machin- 
ery in  place.     Sec  Figs.  5,  <>,  and  7. 

Systems  of  tractors  and  trailers,  in  con- 
nection with  platform  building  elevators, 
are  useful,  specially  where  material  is  to  lie 
distributed  over  a  wide  area  and  provided  fchi 
loads  do  not  exceed  say  one  ton  for  every 
trailer.     See  Figs.  11,  12,  13,  and  16 

The  electric  overhead  traveling  crane  is 
adaptable  for  a  large  amount  of  work  in  a 
small  area,  where  large  or  unwieldy  packages 
are  to  be  handled.  They  are  well  adapted  for 
factory  operations.     See  Fig.  .'!1 


Fig.  40.  The  Belt  Con 
veyor  Type  Banana 
Unloaders,  used  at 
New  Orleans,  do  the 
work  of  hundreds  of 
men  at  special  termi 
nals  used  principally 
for  bananas 


electric  overhead  traveling  crane,  hut  does 
no!  continue  in  one  building  long  enough  to 
warrant  (he  expense  of  an  overhead  traveling 
crane  in  everj   building  or  in  every  Location 

where  work  is  In  lie  dune.  See  Figs  10,  28, 
30.  and  39. 


coal  or  bulk  material 


stores  it  in  stock 
pile.  Capacity  over 
600  tons  per  hour 


Fig  43.  Hulett  Unloader  for  Unloading  Ore  Boats  at  rate  of  900 
tons  per  hour  per  machine.  It  loads  ore  directly  into  rail- 
road cars,  or  into  stock  pit  from  which  it  is  put  in  tern 
porary  storage  by  large  overhead  grab  bucket  bridge  at 
rate  of  about  600  tons  per  hour 


Fig.  41.  An  Electrically-operated  Car  Dumper  suitable  for  lifting 
either  one  or  two  standard  open-top  railway  cars,  ranging  in 
size  from  30  to  100  tons  capacity,  and  spilling  the  contents 
over  an  apron  into  boats  or  barges.  The  range  of  capacity 
would  be  about  600  tons  an  hour  for  a  small  low-speed 
dumper  handling  30-ton  cars,  up  to  about  3000  tons  ^.n 
hour  for  a  large  dumper  handling  two  100-ton  cars  at  a  time 


Monorail  cranes  are  applicable  where  physi- 
cal limitations  of  buildings,  topography,  etc  . 
eliminate  the  use  of  the  overhead  traveling 
crane.     See  Figs.  14  and  I  ■">. 

Locomotive  cranes  are  useful  where  tin 
work  is  of   such  a  nature   as  to  demand   an 


For  Uniform  Packages 

Portabb  belt  conveyors  are  adaptable  for 
medium  size  packages  provided  the  tonnage 
is  greater  than  10  tons  per  hour  and  the  ma- 
chinery can  lie  used  long  enough  to  pay  for 
setting  it  in  place.      See  Figs.  5,  li,  and  7. 

Special  machinery,  such  as  is  adaptable  for 
one  particular  type  of  package,  for  instance 
hunches  of  bananas  or  barrels,  can  beeconomi- 
cally  designed  for  handling  large  quantities  of 
uniform  packages.  See  Figs.  20,  21,  32,  117 
and    III 

For  Bulk  Material 

Car  dumpers  are  useful  for  hoisting  and 
dumping  railway  cars  filled  with  coal,  ore  or 
limestone.     See  Fig.  41. 

Special  machinery  has  been  designed  for 
dumping  wheat  out  of  railway  cars. 

Belt  convex  i.irs  have  been  used  for  loading 
wagons  at  the  rate  of  HI  tons  per  hour,  stow- 
ing coal  in  small  boats  at  the  rate  of  10  or 
I'll  tons  per  hour;  also  for  such  large  jobs  as 
carrying  coal  1200  feet  and  dumping  it  into 
ocean-going  steamers  at  the  rate  of  6000  tons 
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Unifor 

Packages 


Small  and 
Medium 


Horizontal  and  Vertical 


^' Large    ■ 


Wide  Area 


Horizontal  and  Vertical 


Non-Uniform  Packages 


-Horizontal 


Machine  which  is  suggested  for 
each  class  of  work  is  i  llustrated  by 
the  figure  numbers  given  below. 

6,7,10,26,27 

_,         .     Cl         '  Platform  Elevator,  5,20,21,  Whip  Hoists, 
Floor  to  Floor    D  --  _,  ,    •       ,      .  r 

Ramp  32,23 

0to50Fcet     l,2,3,9.10,15,G,7and  22 

50  to  200  Feet    5,8,9,10,11,16,20,21,22,2 5 

lOOtolOOOFeet  8.11,12,13.14,16,20,21 

1000to5000  Feet  1}.  16,17 

lto50M,les       18 

50  or  more  miles  Automobiles,  Rai  I  ways,  Ships 

0  to  50  Feet       1,2,3,9,10 

50to200Feet     8,9.10.11,16 

lOOtolOOOFeet    8,11,12.16 

1000to5000Fect    16,17 

lto50  Miles         18 

50  or  more  Miles     A utomobl  les.Rail  ways,  Ships. 

1,2,5,6,7,10.14,15,16,20,21, 2Z,23,(  in  combination 

with  22),  26  with  9or  2. 32,39.40,12  and  13 

with  Elevators. 

1,2,10,12  or  16  with  Elevator,  8 or  16  with  26 

mounted  thereon. 

15,28,29,30,31,37  for  Iron  and  Steel  Only. 

Platform  Elevators,  Whip  Hoists 

3,4,9,10,15,29,30,31,16 

15,15,28,30,31,16 
1000  to5000  Feet     13,16,17,28 
lto50  Miles         18,Railways 
.50  or  more  Miles    18,Rai  I  ways,  Ships. 
'0  to  100  Feet         3,4,9,10.16,28,29.30.31 
100to5000Feet     16,17,18 
lto  50  Miles        l8,Railways 
.50  or  more  Miles  18.  Rail  ways,  Ships 
edPath         14,15,28,30,31,39 

4,14,15,28.29.30,31  and  39  may  be  used  for 

Loading  onto  8,13.17,18.  Railways  and  Ships 

This  non-un  iform  mater  ial  can  be  handled 
by  the   same    machinery   as  can   uniform 
except  conveyors  are  sometimes  unsuitable 
for  medium  and  large  packages. 

38,  Inclined  Belts  similar  to  6  and  7 
16,24,25,34,42  Cable  Road, Electric  Larry  Car 
19,  Railways 


Fixed  Path 

^Wide  Area 

(Tiering 
Floor  to  Floor 

0  to  100  Feet 
lOOtolOOOFeet 


Wide  Area 


f0  to  20  Feet 
Z0to5000Feet 
lto  10  Miles 
JOor  moreMiles    Rai  I  way  s  and  Shi  ps 

0  to  100  Feet      33,34,35,36.38.44.4S,Chutes 
OtoSOOFeet       33,34 
0  to  5000  Feet      33 

.      ,  . .,      .         . f  24.28  with  Bucket, 34,41,42,43,46 

■  Horizontal  and  vertical       I 


Liquid  not  in  Cases  — 


.  Large  Flov 
Ismail  Flow 


-W  ide  Are< 


Chart   Showing  Machine 


Electric  Larry  Car  and  Platform  Elevator. 

Pipe  Lines  and  Pumps  when  used  a  great  deal 

Tanks  and  8,13.19,16  when  used  rarely. 

Tanks  on  8,13.16,19  and   Railways  and 
"Ships 

Packages  Through  Horizontal   an 


A  BRIEF  DIRECTORY  OF  MATERIAL  HANDLING  APPARATUS 


per  hour.  Coal  and  ore  bridges  and  other  grab 
bucket  handling  machinery,  such  as  Hulctt 
unloaders,  steam  or  electric  shovels,  are  used 
most  economically  in  this  work.  Where 
conveying  distance  is  to  be  quite  large,  these 
machines  are  used  in  combination  with  a 
cable-road  or  auto-electric  cars  or  an  indus- 
trial steam  or  electric  railway  s\  stem  with 
hopper  cars.  See  Figs.  24,  38,  42,  43,  4  1. 
and  45. 

Aerial  cableways  are  adaptable  for  cer- 
tain work  especially  where  small-capacity- 
machinery  is  to  be  distributed  over  a  wide 
area  or  where  unfavorable  physical  conditions 
are  encountered,  such  as  rivers,  gorges,  rail- 


wax-  tracks.  A  cableway  would  nol  be  quite 
so  adaptable  for  hoisting  material  say  50  n 
and  conveying  it  5(1  ft.  as  it  would  for  hoisting 
it  5ii  ft.  and  conveying  it  1500  ft.;  whereas  coal 
and  ore  bridges  are  better  adapted  for  hoist- 
ing 50  ft.  and  conveying  short  distances.  30 
to  500  ft.,  provided  sufficient  volume  of 
material  is  at  hand.     See  Fig.   Hi. 

For  Liquids 

Pumps  and  pipe  lines  are  used  for  con- 
veying liquids  for  any  distance  where  flew  is 
sufficient. 

Summarizing  Chart 

The  substance  of  this  short  guide  to  the 
proper  use  of  material  handling  machinery 
has  been  arranged  in  the  form  of  a  chart, 
which  is  shown  on  page  316. 


Fig.  44.  The  Michener  Portable  Bucket  Conveyor  a 
filling  the  bunkers  of  an  ocean  liner  with  coal  fron 
the  rate  of  approximately  125  tons  an  hour, 
boats  several  machines  are  used  simultaneously 


Fig.  46.  Two  Cableways  at  Work  Constructing  a  Dam.  This  general  type  of  machinery  is  useful  in  hoisting  and  conveying 
building  materials  in  rough  construction  work  in  undeveloped  country  where  the  topography  is  of  a  difficult  nature 
It  is  suitable  for  building  dams,  bridges,  aqueducts  and  locks.  It  can  be  arranged  so  that  one  or  both  of  the  supporting 
towers  move  on  rails  and  thus  be  used  for  storing  bulk  material  such  as  coal 
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Handling  of  Materials  in  Industrial  Plants 

By  R.  H.  Whitehead,  iM.  E. 
m  George  W.  Goethals  &  Co.,  40  Wall  Street,  New  York 

The  study  which  has  been  made  of  the  problem  of  handling  materials  in  industrial  plants  I 
the  development  and  standardization  of  a  variety  of  types  of  labor-saving  devices  for  the  purpose.     From  '  I"    < 
a  selection  can  be  made  to  fit  almost  any  ordinary  need.     Mr.  Whitehead  divides  industrials  into  power  plan  Is, 
plants  employing  continuous  flow  processes,  and  plants  manufacturini  bling  unit   parts,  and  dis- 

cusses the  material  handling  methods  suitable  for  each.     He  concludes  with  a  summary  of  the  general  principles 
to  be  observed. — Editor. 


T 


H.  Whitehead,  M 


'HE  purpose  of 
this  article  is  to 
stress  the  proper  de- 
sign and  equipment 
of  plants  with  refer- 
ence to  the  handling 
of  materials.  Many 
industrial  plants  that 
use  economical  meth- 
ods for  the  various 
manufacturing  opt 'ra- 
tions do  not  give 
proper  consideration 
to  the  handling  of 
materials,  with  the 
result  that  production  costs  are  unnecessarily 
high  and  maximum  output  is  not  obtained. 
There  have  been  instances  where  this  fact 
was  appreciated  at  a  late  date,  and  as  a  cor- 
rective measure  the  plants  were  rearranged 
and  equipped  to  obtain  a  better  flow  of  ma- 
terials with  a  smaller  amount  of  and  less 
costly  handling. 

During  the  last  twenty  years  in  particular 
there  has  been  a  large  development  of  labor- 
saving  devices  for  handling  materials  by  com- 
panies manufacturing  elevating  and  convey- 
ing machinery,  cranes,  hoists,  industrial 
railroads,  cableways,  telphers,  power  trucks, 
etc.  This  development  has  been  of  such  a 
nature  that  standard  equipment  is  available 
for  almost  every  kind  of  handling  proposition 
where  its  use  is  economical. 

In  the  design  of  a  plant  the  engineer  of 
broad  experience  should  consult  these  com- 
panies and  get  the  benefit  of  their  detailed 
knowledge,  as  in  the  solution  of  handling 
problems  the  use  of  standard  machinery  and 
equipment  is  less  costly  than  specially  de- 
veloped machinery,  and  is  not  subject  to  a 
development  hazard.  It  may  be  generally 
stated  that  the  solution  of  any  problem  in- 
volving handling  of  materials,  if  correct, 
should  be  a  simple  one  at  the  present  state 
of  the  art. 

The  prevailing  general  practice  to  secure 
the  best  results  is  briefly  given  for  a  limited 
number  of  classes  of  industrial  plants. 


Power  Plants 

The  modern  central  station  is  generally 
designed  with  reference  to  the  proper  han- 
dling  of  materials.  The  use  of  coal  and  ash 
handling  equipment  has  eliminated  hand 
methods,  and  the  uniform  flow  of  fuel 
coupled  with  the  use  of  mechanical  stokers 
results  in  high  plant  efficiency.  These  plants 
use  a  variety  of  coal  handling  equipment  also 
in  connection  with  active  and  reserve  storage, 
which  insures  continuous  operation.  Many 
of  the  smaller  plants  are  not  laid  out  to  secure 
the  same  good  results.  In  some  fair-sized 
plants  shovel  and  wheel-barrow  methods  are 
used  entirely,  although  modern  coal  cars  are 
designed  to  be  unloaded  through  the  bottom 


Fig.  1.  Progressive  Assembly  Conveyors  in  Stove  Factory. 
The  stoves  are  handled  entirely  by  conveyors  during  opera- 
tions of  assembly,  enamelling,  drying,  crating  and  shipping 
to  platform. 

doors,  and  if  this  is  done  in  a  hopper  a  simple 
conveyor  can  be  installed  to  deliver  it  to  a 
bin  adjacent  to  the  boiler-room,  where  it 
can  be  fired  by  hand.  If  the  plant  is  large 
enough  to  warrant  the  use  of  mechanical 
stokers,   the  best   handling  is  to  break  the 
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lumps  into  uniform  size  by  a  crusher,  elevate 
them  into  an  overhead  bin,  and  from  that 
point  feed  by  gravity  to  the  sinkers.  In 
general  it  may  be  said  that  a  medium-size 
power  plant  justifies  a  considerable  invest- 
ment for  coal  and  ash  handling  equipment, 


//i'i/rw'iiwj/nrfltr 

Fig.  2a.      Typical  Arrangement  of  Boiler  House  Equipped  with 
Hopper.  Crusher.  C 


■  and  Overhead  Coal  and  Ashes  Bin 


and  more  or  equipment  tor  r< 

storage.  In  this  case,  a  single  carrier  can  be 
employed  for  coal  and  ashes  with  an  active 
storage  in  an  overhead  bin,  and  suitable 
reserve  provided  outside  with  handling  equip- 
ment depending  on  amount  of  coal  handled 
in  connection  with  this  storage.  Frequently 
it  is  advisable  to  handle  the  coal  by  a  me- 
chanical conveyor  and  ashes  by  a  steam  jet 
conveyor.  In  small  plants  using  hand  firing 
a  certain  amount  of  coal  handling  machinery 
may  be  a  good  investment,  lout  little  invest- 
ment is  justified  for  hand'ing  equipment  for 
ashes  or  reserve  storage  unless  conditions  are 
unusual  with  respect  to  layout  or  location.  In 
some  plants  the  equipment  provided  is  far 
too  costly  and  the  investment  not  warranted. 
In  any  power  plant  the  problem  is  to  make 
the  design  and  the  amount  of  investment 
suitable  for  the  amount  of  coal  to  be  handled. 

Plants  Employing  Continuous  Flow  Processes 

In  mills  employing  continuous  flow  processes 
there  is  an  increasing  tendency  to  eliminate 
man -handling  of  materials  and  to  house  equip- 
ment compactly  to  reduce  first  investment 
costs  and  minimize  movement  of  materials. 
A  modern  raw  sugar  mill  is  a  typical  i  . 


the  large  development  in  this  respect.  The 
cane  is  loaded  into  cars  by  cam'  loi 
and  weighed.  When  the  loaded  car  reaches 
the  mill  it  is  tilted  by  a  dumper  and  th< 
discharged  into  a  large  hopper,  and  then 
conveyed  in  a  continuous  stream  to  the 
crushers.  The  bagasse  or  crushed 
cane  leaving  the  last  set  of  rolls  is 
conveyed  to  the  furnaces,  where  it 
is  used  for  fuel  to  furnish 
for  the  operation  of  machinery 
required  and  for  evaporation  oi 
water  from  the  cane  juice.  After 
the  molasses  and  sugar  crystals  are 
separated  out  by  centrifugals  the 
sugar  is  automatically  conveyed. 
weighed,  and  sacked,  and  the  sacks 
then  stacked  by  conveyors.  The 
use  of  elevating  and  conveying  ma- 
chinery, beside  eliminating  labor, 
permits  of  a  continuous  flow  of 
materials  which  results  in  the 
maximum  production  for  the  in- 
vestment made.  The  entire  equip- 
ment is  arranged  so  that  the  ma- 
terials flow  by  gravity  in  as  direct 
a  line  as  possible  from  the  evapo- 
rators to  the  sacked  sugar. 

Standard  elevating  and  convey- 
ing machinery  is  available  and  in 
wide  use  in  refineries,  grain  and  flour  mills, 
cottonseed  mills,  cement  mills,  canning  fac- 
tories, glass  works   etc. 

In  modern  steel  mills,  man-handling  of 
materials  is  practically  eliminated,  and  the 
car  dumpers,  ore  handling  bridges,  driven 
roller  tables,  cranes  with  magnets,  skip  hoists, 
and  industrial  railroads  for  the  rapid  move- 


Fig.   2b.      Enlarged  Section  of  Fig.  2a. 


ment   of   the   large   quantities   involved,   are 
necessary  for  low  costs  of  production. 

It  may  generally  be  said  that  the  use  of 
elevat'ng  and  conveying  and  other  handling 
machinery  is  particularly  advisable  in  plants 
employing    continuous    flow    processes,    not 
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onlv  from  the  standpoint  of  eliminating  labor 
charges  but  for  the  purpose  of  maintaining 
and  regulating  volume  of  production. 

Factories    Whose    Product    Consists    of    Assembled 
Units 

Large  factories  manufacturing 
heavy  machinery  such  as  steam 
locomotives,  medium  weight  prod- 
ucts such  as  automobiles,  ami 
light  weight  products  such  as  type- 
writers, have  given  a  great  deal  of 
consideration  to  the  handling  prob- 
lem. In  locomotive  works  where 
the  parts  are  large  and  relatively 
few  in  number,  the  handling  prob- 
lem is  chiefly  one  of  arrangement 
and  housing  of  equipment,  and 
overhead  traveling  cranes,  pillar 
cranes,  and  industrial  railroads  to 
move  parts  from  machine  to  ma- 
chine during  the  manufacturing 
operations,  and  to  the  assembly 
floor  in  such  a  manner  that  ave- 
nues of  transportation  will  be  open 
and  the  material  not  only  rapidly 
moved  but  placed  exactly  where 
desired,  are  employed. 

In    plants    manufacturing    such 
products  as  automobiles  and  type- 
writers, and  using  quantity  production  meth- 
ods, the  problem  is  somewhat  different.  Plants 
of  this  character  should  show  an  early  uniform 


rectly  manufactured  to  avoid  delays  in  fitting. 
With  medium  weight  equipment,  conveying 

machinery  is  frequently  used  on  assembly 
work  to  set  the  pace  of  the  plant,  and  all 
manufacturing  activities  are  made  to  syn- 
chronize.    For  instance,   in  manufacture  of 


ng  Dumped  into  Hopper  and  Conveyed 
in  a  Moiern  Cuban  Sugar  Mill 


output,  otherwise  inventories  will  become  un- 
balanced, assembly  costs  increased,  and  ship- 
ment schedules  upset.  To  assemble  at  lowest 
costs,  the  flow  of  materials  to  the  assembly  de- 
partment  must  be  uniform,   and   parts  cor- 


4.      Continuous  Moving  Conveyor  in  Canning  Factory 

automobiles  the  parts  are  assembled  as  the 
chassis  passes  each  workman  on  a  conveyor 
traveling  at  a  fixed  speed,  giving  each  work- 
man a  task  to  be  performed  in  definite  time. 
In  manufacturing  typewriters,  where  the 
article  is  small  and  light,  conveyors  are  not 
generally  used,  but  the  machines  are  passed 
along  an  assembly  bench  from  one  workman 
to  another  in  a  continuous  stream,  and  the 
operations  performed  are  of  such  a  character 
that  each  workman  is  reauired  to  do  his  part 
in  keeping  materials  moving. 

In  the' manufacturing  of  individual  parts 
on  quantity  production,  conveying  machinery 
can  be  frequently  used  to  advantage  to  keep 
a  definite  amount  of  work  ahead  of  the  skilled 
machine  operator,  and  to  minimize  expendi- 
ture of  effort  in  getting  materials  in  and  out 
of  the  machine. 

It  is  realized  that  while  the  use  of  elevating 
and  conveying  machinery  has  numerous 
possible  applications  in  concerns  manufac- 
turing standard  products  in  quantity,  the 
applications  for  concerns  manufacturing  a 
diversitv  of  product  are  relatively  few. 
Here  the  problem  is  to  design  and  arrange 
the  factory  and  to  provide  handling  equip- 
ment  that"  will   be  generally  applicable,  and 
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to  secure  production  results  by  proper  organ- 
ization. 

General 

Three  broad  principles  may  be  stated  with 
regard  to  the  proper  handling  of  materials 
in  industrial  plants:  (1)  Handling  should  be 
minimized  as  far  as  possible  2)  Handling 
should  l>e  considered  as  an  actual  step  in 
the  manufacturing  processes  and  performed 
by    machinerj    or    otherwise,  dependii 

economics  involved.  (3)  The  best  re- 
sults are  obtained  where  the  flow  of  mate- 
rials through  the  plant  is  as  uniform  as  pos- 
sible from  the  raw  material  to  the  finished 
pn  iduct. 

In  designing  an  industrial  plant,  the  various 
steps  of  the  manufacturing  processes  should 
first  be  studied  in  detail,  the  selection  of 
machinery  and  equipment  for  the  performance 
of  the  operations  should  next  be  decided  on, 


and  the  manufacturing  units  selected  and 
balanced  with  reference  to  each  other  to 
avoid  choke  points  in  production,  and  then 
tlu-  arrangement  of  handling  ma- 

terials, and  the  structure  finally  decided  on. 
If  this  is  done  skillfully  and  the  return  from 
invested  capital  is  carefully  considered  at  all 
times,  then  the  developed  plant  should  yield 
the  maximum  of  returns  if  pn  iperiy  man 
<  Ibviously,  every  industrial  plant  is  a  pi 
sition  in  itself  requiring  expert  treatment 
and   a  detailed  know!  he   business. 

Among  other  matters  the  future  of  the  busi- 
ness must  lie  considered  with  possible  plant 
expansion.  Adequate  storage  should  be  pro- 
vided for,  and  means  for  the  best  handling 
of  materials  in  and  out  i  The  plant 

;   lie-  well  located  with  reference  to  its 
supplies      and      shipments,      and      economic 
methods  used  for  handling  materials  in* 
out  of  plants. 


Battery  Charging  for  Industrial  Trucks  and  Tractors 

By  Charles  A.  Rohr 
New  York  Offk  e,  General  Electric  Company 

The  fact  that  industrial  trucks  and  tractors  are  of  immense  value  for  moving  package  freight  in  ware- 
houses, transfer  stations,  piers,  etc.,  is  largely  due  to  the  unlimited  flexibility  with  which  they  can  be  routed, 
made  possible  by  their  independence  of  any  outside  source  of  motive  power  when  in  operation.  Being  storage 
battery  vehicles,  however,  they  require  periodic  charging.  While  the  equipment  for  this  purpose  naturally 
varies  with  the  number  of  trucks  and  tractors,  the  size  and  number  of  their  batteries,  and  the  form  in  which 
tin  energy  is  purchased,  the  following  article  on  the  subject  indicates  that  a  motor-generator  set  with  control 
suitable  for  charging  by  the  constant-current  stance  method  is  advisable  in  most  cases. — Editor 


pROBABLYnoline 
*■  of  apparatus  that 
has  been  put  before 
the  public  to  facili- 
tate the  handling  of 
miscellaneous  pack- 
age freight  is  mi  ire 
susceptible  of  general 
use  than  the  storage 
batter}-  industrial 
truck  and  tractor. 

The  size  of  the  in- 
dustrial truck  makes 
it  advantageous,  from 
an  operating  stand- 
point, to  use  such  a  number  of  cells  that  some 
kind  i  if  converting  apparatus  is  necessary  even 
where  direct  current  is  available  from  the 
public  utility  company. 

With  the  road  type  of  storage  battery 
motor-propelled  vehicle,  there  is  room  in  the 
batten-  cradle  to  install  a  sufficient  number  of 
cell-,   either  of  the  lead  or  Edison   type,   so 


Charles  A.  Rohr 


that  ordinary  commercial  direct-current 
voltages  (115  to  125  volts)  may  be  used 
without  converting  apparatus.  The  number 
selected  is  usually  60  Edison  cells  or  44  lead 
cells.  The  first  types  of  industrial  trucks 
put  on  the  market  had  battery  equipment  of 
this  kind.  Serious  operating  and  mainte- 
nance difficulties,  due  to  the  smallness  of  the 
individual  cell  which  had  to  be  employed 
because  of  space,  soon  caused  the  truck 
designer  to  reduce  the  number  of  cells  and 
increase  the  size  of  the  individual  cell. 

At  the  present  time,  truck  and  tractor 
manufacturers  use  cells  of  either  the  lead^or 
Edison  type.  The  number  of  lead  cells  is 
usually  12.  is.  or  24.  and  the  number  of 
Edison  cells  is  24,  30,  30.  or  4S.  Some 
manufacturers  use  a  different  number,  but 
the  majority  of  installations  fall  in  these 
classes.  In  addition,  the  manufacturers  of 
these  devices  use  almost  as  many  different 
sizes  of  individual  cells  as  are  made  by  the 
various    battery    manufacturing    companies 
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There  have  been  efforts  to  at  least  standardize 
on  the  number  of  cells,  but  for  some  reason  or 
other  these  efforts  have  always  failed.  There 
has  never  been  a  valid  reason  advanced, 
however,  why  this  should  not  be  done. 

In  addition  to  these  variations,  there  is 
still  another  complication  in  the  selection 
of  battery  charging  apparatus,  and  that  is  the 
different  kinds  of  power  which  the  public 
utility  companies  offer  for  sale  in  various 
locations.  This  may  be  either  115,  230  or 
550-volt  direct  current,  or  single,  two,  or 
three-phase  alternating  current  at  almost 
any  voltage.  We  shall  first  discuss  the 
charging  of  industrial  tracks  or  tractors  when 
direct  current  is  available  and  then  when 
alternating  current  is  available. 

While  there  has  been  considerable  dis- 
cussion as  to  the  advisability  of  charging 
the    batteries    of    different    trucks    in    scries 


when  direct  current  is  available  in  order  to  do 
away  with  converting  apparatus,  due  to  the 
inflexibility  of  such  an  arrangement  this 
system  is  rarely  used  even  though  battery 
manufacturers  claim  that  their  batteries  are 
not  injured  by  this  method  of  charging 
When  115  volts  direct  current  is  available, 
a  series  of  batteries  of  from  30  to  44  lead  cells 
may  be  charged  by  use  of  a  rheostat  with  an 
equal  or  greater  efficiency  than  with  a  motor- 
generator  set.  Otherwise  it  is  always  economi- 
cal to  use  a  direct-current  to  direct-current 
motor-generator  set.  For  general  all-round 
serviceability,  the  latter  is  always  advisable. 
When  alternating  current  is  available  it  is 
necessary  to  use  a  motor-generator  set  for 
converting  to  direct  current.  Rotary  con- 
verters have  been  tried  but  have  not  been 
generally  successful,  owing  to  the  variation 
of  the  direct-current  voltage  with  line  varia- 
tions, and  because  of  other  operating  and 
designing    reasons.       Mercury    arc    rectifiers 


have  also  been  used.  It  is  now  almost 
universally  accepted  that,  all  things  con- 
sidered, the  motor-generator  set  is  the  most 
suitable  device  to  use. 

Having  obtained  the  proper  direct-current 
voltage  l"i-  charging,  by  the  use  of  converting 
apparatus,  we  must  consider  what  to  interpose 
between  the  battery  and  charging  service 
for  control  purposes.  The  first  thing  to  be 
provided  is  a  panel  for  the  necessary  gener- 
ator control  protection.  This  is  of  the 
standard  type  used  for  all  kinds  of  generators 
and  does  not  need  description. 

In  order  to  fully  charge  a  battery  after 
discharge,  it  is  necessary  to  pass  through  the 
cells  in  the  proper  direction  (opposite  to  that 
of  discharge)  an  amount  of  current  equal  in 


Automatic  Panel  for  Use 
with  Individual  Taper  Charg- 
ing  Motor-generator  Set 

ampere-hours  to  that  taken  out  on  discharge, 
plus  a  certain  excess  to  make  up  for  losses. 
In  general,  any  charging  rate  is  permissible 
which  does  not  produce  excessive  gassing  or 
a  cell  temperature  exceeeding  110  deg.  F. 

When  only  one  truck  or  tractor  is  to  be 
charged,  this  condition  may  be  approximated 
by  tin-  use  of  an  individual  charging  motor- 
generator  set  in  connection  with  an  automatic 
panel  to  give  the  proper  taper  charge.  When 
more  than  one  is  to  be  charged,  it  is  advisable 
to  charge  the  flatteries  in  multiple  with  a 
control  panel  for  each  battery.  This  is 
because  batteries  of  different  degrees  of  dis- 
charge must  be  handled 

The  most  popular  method  of  charging 
industrial  trucks  and  tractors  is  known  as  the 
constant-current  method  or  series-resistance 
method,  and  consists  in  having  a  charging 
rheostat  in  series  with  each  battery  and  in 
holding  the  charging  current  constant  at  the 
"start"  rate  until  the  voltage  of  the  battery 
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has  risen  to  a  value  oi  about  2.55  volts  per 
cell  (lead  batter}  I.  The  rati'  is  then  reduced 
to  the  "finish"  rateand  held  constant  until  the 
voltage  stops  rising  and  the  specific  gravity 
becomes  constant.  If  a  large  variety  of 
batterie  having  various  numbers  of  cells, 
such  as  are  encountered  in  industrial  truck 
installations,  are  to  be  used,  it  is  the  only 
method  that  can  be  employed. 

The  ideal  arrangement  would  be  simply  to 
plug  the  1  lattery  into  a  receptacle  and  when 
it  is  charged  have  the  current  cut  off.  This 
may  be  done  by  installing  ampere-hour  meters 
on  the  trucks  or  charging  board,  these  meters 
to  be  equipped  with  contact  points  to  operate 
the  shunt  trip  of  a  circuit  breaker. 


A  well  designed  control  section  for  each 
battery  should  have  mounted  on  it  the 
following  equipment: 

One  charging  rheostat  (with  cast  .yri^b  on 

back) 
One  singlc-polc  underload   and   shunt   trip 

breaker 
One   ammeter,   voltmeter  switch 
Two  enclosed  fuses  of  proper  capacity 
( )ne  single-pole  switch 

The  instruments  are  usually  mounted  on  a 
swinging  bracket.  It  is  possible  to  arrange 
a  more  elaborate  control  on  the  panel,  but 
for  general  use  the  equipment  listed  is  the 
simplest  and  best. 


' 


Fij.  3.      Charging  Panel  Consisting  of 

Generator  Control  Section  and 

Four  Charging  Sections 


Fig.  4.      Back  View  of  Panel  Shown  in  Fig.  3 

Illustrating  the  Method  of  Mounting 

Charging  Rheostats 


325 


The  Application  of  Power-driven  Machinery  to  the 
Horizontal  Transference  of  Miscellaneous  Freight 

By  J.  A.  Jackson 
Power  and  Mining  Engineering  Department,  Generai    Ei  ei  rRi<   Compani 

As  tin  bulk  .if  freight  movement  takes  place  in  a  horizontal  plane,  and  as  the  application  of  power  machin- 
ery to  this  field  is  the  more  difficult  on  account  of  the  constantly  changing  routes  pursued,  this  article  01 
subject  is  of  especial  interest.  It  explains  the  fundamental  principles  of  routing  that  must  be  observed  to 
secure  an  efficient  system  for  transferring  miscellaneous  freight  or  material  within  a  building.  The  major 
portion  of  the  article  is  devoted  to  a  description  of  conveyors,  equipment  which  runs  on  tracks,  and  industrial 
trucks  and  tractors  with  trailers  which  run  directly  on  the  floor.  Considerable  valuable  information  concern- 
ing the  suitability  of  these  various  types  of  equipment  and  their  power  requirements  is  included. — Editor. 


The  horizontal  movement  of  freight  should 
legitimately  be  divided  into  two  parts: 
( 1 )  transportation  or  the  movement  by  com- 
mon carriers  from  terminal  to  terminal,  using 
"terminal"  in  its  broadest  sense;  (2)  trans- 
ference, or  the  movement  through  the  ter- 
minals, again  using  terminal  in  its  broadest 
sense.  Transference,  therefore,  will  include 
the  movement  through  railroad  terminal 
yards,  in  railroad  and  boat  terminal  buildings, 
in  warehouses  and  factories,  or  between  build- 
ings of  this  nature,  and  also  between  cars  and 
boats  used  for  the  transportation  of  freight. 

In  general,  freight  charges  include  not  only 
the  cost  of  transportation  but  a  large  per- 
centage of  the  cost  of  transference  as  well, 
and  since  the  cost  of  transference  is  out  of  all 
proportion  to  the  cost  of  transportation  due 
to  the  inefficient  methods  used,  the  net  result 
is  to  make  freight  charges  show  up  unfavor- 
ably, specially  on  short  haul  freight  where 
the  ratio  of  transference  cost  to  transporta- 
tion cost  is  exceptionally  large.  This  lumping 
of  the  costs  hides  from  the  public  the  ineffi- 
ciency of  transference  and  prevents  a  crystal- 
lization of  public  opinion  to  force  a  change  in 
existing  conditions. 

A  study  of  the  methods  of  transference  is 
naturally  divided  into  horizontal  and  vertical 
motions.  Vertical  motions  are  not  so  compli- 
cated to  study  as  the  path  of  such  motions 
is  better  defined,  the  weights  handled  are 
beyond  human  endeavor  except  at  extremely 
low  speeds,  the  necessary  calculations  for 
power  requirements  are  easier  to  make,  correct 
speeds  are  easier  to  determine,  and  sorting 
and  distribution  do  not  enter  to  so  great  an 
extent  as  in  a  study  of  horizontal  motions. 
For  these  and  other  reasons  the  application 
of  mechanical  power  to  vertical  motions  has 
progressed  more  rapidly  than  its  application 
to  horizontal  motions. 

It  is  the  intention  of  this  article  to  bring 
out  some  of  the  fundamentals  which  must 
be  given  consideration  in  the  application  of 


mechanical  power  to  the  horizontal  movement 
of  miscellaneous  freight.  Bulk  freight,  such 
as  coal,  ore,  grain,  etc.,  will  not  be  included 
in  the  scope  of  this  article. 

Broadly  speaking,  miscellaneous  freight 
includes  raw  material,  material  in  the  process 
of  manufacture  and  manufactured  material, 
and  in  order  to  cover  the  subject  fully  its 
transference  in  all  these  stages  must  be  con- 
sidered. Since  the  cost  of  the  horizontal 
transfer  is  to  a  great  extent  porportional  to 
the  distance  moved,  the  first  step  is  to  make 
a  thorough  study  of  the  lay-out  of  the  build- 
ing or  buildings  with  the  idea  of  so  routing 
the  material  that  it  always  travels  the  shortest 
distance  and  in  straight  lines,  if  possible. 
During  manufacture  it  is  often  quite  easy  to 
accomplish  this  desired  straight  line  move- 
ment, as  the  raw  material  can  be  delivered  to  a 
receiving  department  at  one  end  of  a  building 
and  with  a  proper  arrangement  of  the  ma- 
chines used  for  manufacture,  it  can  travel 
straight  through  the  building  and  be  delivered 
to  the  shipping  department  at  the  other  end. 

For  a  lay-out  of  this  kind,  gravity  or  power 
conveyors  must  be  given  first  consideration 
if  the  material  is  of  such  a  nature  as  to  be 
handled  on  such  devices.  The  use  of  metal 
or  fiber  trays  will  frequently  be  found  ad- 
vantageous for  handling  small  material  on 
conveyors  which  would  otherwise  have  to 
be  trucked  or  transferred  by  hand.  The  use 
of  such  trays  makes  necessary  a  conveyor 
arrangement  which  will  return  the  empties 
to  their  starting  point.  If  conveyors  cannot 
be  used,  there  remains  the  choice  between 
industrial  trucks,  tractors  and  trailers,  and 
the  overhead  trolley  or  monorail.  With  any 
of  these  latter  devices,  the  routing  of  material 
straight  through  a  building  can  be  improved 
upon,  as  such  an  arrangement  necessitates 
returning  empties  the  length  of  the  building. 
A  better  arrangement  is  to  route  the  material 
down  one  side  of  the  building,  across  the  end 
and   back  along   the  other  side,  having  the 
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receiving  and  shipping  departments  at  the 
same  end  of  the  building.  This  keeps  the 
freight  carriers,  whatever  they  may  be,  travel- 
ing around  a  loop  under  load  practically  all 
the  time.  Fur  a  new  layout  a  U-shaped 
building  lends  itself  readily  to  this  method 
of  routing,  the  carriers  running  empty  across 
the  open  end  of  the  U. 

If  two  or  mon-  buildings  are  used,  their 
relative  location  should  be  such  as  to  retain 
as  short  ami  straighl  a  path  for  the  material 
as  possible.     Where  buildings  must  have  two 


Fig.  1.  Motor  Driven  Horizontal  Stationary  Conveyors. 
Lower  conveyor  of  the  slat  type  and  upper  of  chain  and 
hook  type.  Shows  containers  for  adapting  the  product  to 
conveyor  handling.     Empties  returned  on  upper  conveyor 

or  more  stories,  the  most  economical  routing 
becomes  more  complicated  and  elevators 
must  be  given  full  consideration.  While 
elevators  are  vertical  machines  and  hence 
are  outside  the  scope  of  this  article,  their 
number,  location,  size  of  platform  and  ar- 
rangement of  platform  entrance  and  i 
have  such  a  direct  bearing  on  economical 
horizontal  transference  that  they  cannot  be 
disregarded.  This  is  particularly  the  case  if 
the  product  being  handled  and  the  layout  of 
buildings  are  such  that  industrial  trucks  or 
tractors  and  trailers  are  to  lie  used.  The  num- 
ber of  elevators  must  be  sufficient  to  keep  the 
trucks  and  trailers  moving  without  conges- 
tion at  the  elevators,  and  their  location  must 
be    such  as    to   prevent  circuitous    routings 


The  size  of  platform  and  tonnage  capacity 
will  depend  on  the  number  of  trucks  or  trailers 
to  be  handled  on  each  trip  and  the  arrange- 
ment of  entrance  and  egress  gates  must  permit 
rapid  loading  and  unloading.  Gates  at  each 
0  that  trucks  and  tractors  may  be 
driven  straight  through,  are  desirable  for 
rapid  work. 

The  preceding  remarks  apply  principally 
to  the  handling  of  material  in  factories  during 
manufacture  where  the  product  is  somewhat 
uniform,  and  little  or  no  sorting  or  distribu- 
tion is  necessary.  At  railroad  and  steamship 
terminals,  however,  the  problem  becomes 
tremendously  more  difficult  on  account  of 
the  large  number  of  consignments  and  the 
sorting  incident  thereto.  In  such  places, 
the  utmost  flexibility  is  required  and  it  must 
be  kept  uppermost  in  mind  in  designing  the 
layout  of  the  plant  and  in  selecting  the  neces- 
sary machinery.  The  maximum  complexity  of 
routing  is  probably  reached  in  a  railroad  trans- 
fer station  for  less-than-carload  freight,  where 
the  number  of  possible  paths  for  freight 
increases  almost  as  the  square  of  the  number 
of  cars  being  handled.  For  example,  if  there 
are  200  cars,  the  number  of  possible  paths  is 
200X199=39800.  Such  complexity  pro- 
hibits the  use  of  fixed  machinery,  such  as 
conveyors  or  machinery,  running  on  tracks, 
thus  leaving  industrial  trucks  or  tractors  and 
trailers  as  the  only  suitable  power-driven 
equipment  for  this  sen-ice.  The  decision  as 
to  whether  to  use  industrial  trucks  or  tractors 
and  trailers  is  determined  largely  by  the  size 
and  arrangement  of  platforms,  since  tractors 
and  trailers  require  more  room  for  successful 
operation  than  industrial  trucks.  Further, 
tractors  and  trailers  are  not  quite  so  flexible 
as  industrial  trucks,  but  they  have  the  ad- 
vantage of  reducing  the  labor  and  mainte- 
nance charges. 

On  steamship  docks  and  general  railroad 
terminals  the  problems  of  distribution  and 
sorting  into  consignments  are  important 
factors,  but  they  are  not  so  serious  or  com- 
plicated as  at  a  transfer  station.  The  reason 
for  this  is  that  freight  is  being  transferred 
between  a  large  number  of  consignment  piles 
and  a  few  fixed  points,  such  as  the  hatches  of 
boats,  truck  platforms  or  certain  sections  of 
a  warehouse.  In  such  cases,  fixed  routes  can 
often  be  established  for  a  part  of  the  distance 
and  the  distribution  be  made  to  start  from 
the  ends  of  these  fixed  routes.  Such  a  layout 
favors  the  use  of  conveyors  on  these  fixed 
routes,  thereby  increasing  the  overall  effi- 
ciencv,  as  convevors  are  the  most  economical 
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of  all  commonly  used  machines  for  the  hori- 
zontal movement  of  goods. 

Ample  operating  space  is  absolutely  es- 
sential for  power-driven  equipment  and  aisle 
spaces  should  be  laid  out  accordingly.  This 
can  best  be  done  by  painting  the  aisle  edges 
on  the  floor  and  rigidly  enforcing  a  rule  that 
no  piles  shall  project  into  the  aisle  space. 

Floor  construction  requires  most  careful 
consideration  to  secure  high  economy.  Pri- 
marily it  must  be  smooth  and  level  and  of 
such  a  material  as  to  secure  good  traction 
under  all  weather  conditions.  It  must  not 
soften  under  heat  or  get  slippery  from  damp- 
ness. Good  wearing  qualities  and  freedom 
from  warping  and  cracking  are  highly 
desirable  features.  A  rough  floor  increases 
maintenance  charges,  increases  power  con- 
sumption, decreases  the  life  of  equipment, 
makes  steering  harder,  reduces  the  speed, 
damages  delicate  freight,  and-  prevents  the 
heavy  loading  that  is  permissible  with  smooth 
floors,  for  which  reasons  it  can  readily  be  seen 
that  inferior  flooring  is  a  very  poor  invest- 
ment. It  is  not  within  the  province  of  this 
article  to  recommend  any  particular  type  of 
floor,  as  each  case  requires  special  study. 
There  are  several  patent  floorings  on  the 
market  which  are  good. 

Machinery  for  the  horizontal  transference 
can  be  broadly  divided  into  three  classes: 

1 .  Conveyors. 

2.  Equipment  running  on  tracks. 

3.  Equipment    running    directly    on    the 
floor  without  rails. 

Conveyors  are  divided  into  two  broad 
classes,  viz.,  stationary  and  portable.  Sta- 
tionary conveyors,  where  applicable,  are  the 
most  efficient  means  of  moving  freight,  as  the 
labor,  power  and  maintenance  items  are  ex- 
tremely low.  They  arc  justified,  however, 
only  where  a  large  tonnage  is  to  be  regularly 
handled  between  two  fixed  points.  Thus 
they  are  not  sufficiently  flexible  to  meet  most 
of  the  miscellaneous  freight  problems.  Port- 
able conveyors  are  more  flexible  and  find  a 
broader  use,  although  they  are  of  necessity 
rather  bulky  and  heavy  to  handle  and  set 
up,  for  which  reason  a  considerable  tonnage 
must  be  handled  to  justify  the  expense  of 
setting  up.  Once  in  use  they  are  as  efficient 
as  a  stationary  conveyor,  but  operating 
charges  against  them  are  higher  than  on 
stationary  conveyors  due  to  the  labor  re- 
quired for  handling  and  the  extra  wear  and 
tear  caused  by  moving  them  around. 

With  regard  to  power  requirements  for  con- 
veyors, the  horse  power  to  be  supplied  at  the 


motor    terminals    for  driving    a  fully  loaded 
horizontal  conveyor  may  he  expressed  as 

II       KxS 


33000  xExE' 


when 


U'  =  Total  live  load  in  lb.  on  the  conveyor 

A  =  Coefficient  of  friction 

5  =  Ft.  per  minute  belt  s]  u  :<  ■<  I 

E  =  Mechanical   efficiency    of   the   driving 

mechanism  to  motor  pinion 
E'  =  Efficiency  of  motor 


^^^■Sf 
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Adjustable  Loop  Tracks  Handling  Mi: 
Freight  on  Steamship  Pier 


This  formula  applies  only  to  a  completely 
loaded  belt,  for  with  no  load  on  the  belt  the 
calculated  horse  power  would  be  zero;  where- 
as it  is  a  well  known  fact  that  the  power  re- 
quired to  drive  an  empty  conveyor  often 
amounts  to  from  30  per  cent  to  60  per  cent 
of  the  power  required  when  fully  loaded,  the 
exact  value  depending  on  the  design,  lubri- 
cation, dirt  conditions,  weather  conditions, 
etc.  The  value  of  K  varies  from  0.09  for  a 
large  low  speed  fixed  conveyor  for  heavy 
material  to  about  0.4  for  a  small  portable 
conveyor.  The  high  value  of  0.4  is  more  in 
the  nature  of  a  factor  of  safety  than  as 
representing  the  actual  friction  losses,  as 
portable  conveyors  are  subject  to  heavy 
overloads  at  times.  The  value  of  E'  at  full 
load  will  run  from  0.7.">  on  small  motors  to  0.88 
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■on  large  motors.  If  conveyors  arc  to  be  run 
on  an  incline  the  necessary  addition  must  be 
made  to  the  friction  horse  power  to  take 
care  of  elevating  the  load. 

Equipment  running  on  tracks,  such  as 
industrial  railways  and  monorails,  are  subject 
to  some  of  the  same  limitations  as  are  con- 
veyors and  find  their  most  useful  application 
where  distribution  and  sorting  are  not  a 
serious  problem  and  where  fairly  large  quan- 
tities of  goods  are  to  be  transferred  between 
fixed  points.  They  are  more  flexible  than 
conveyors  but  have  a  higher  cost  of  operation 
due  to  additional  labor  and  maintenance. 
Power  requirements  are  very  variable  and 
depend  on  the  grade,  curvature  and  condition 
of  track,  and  the  weight  of  the  power  unit 
and  trailing  load.  On  a  straight  level  track 
the  horse  power  required  at  the  motor 
terminals  mav  be  expressed  by 
TXFXS 
33000X£X£' 
where 

T  =  Total  load  (live  and  dead)  in  tons 

F  =  Rolling  friction  coefficient  in  lb.  per  ton 
(varies  from  10  to  40  depending  on  track- 
condition) 

S   =  Speed  in  ft.  per  minute 

E  =  Mechanical  efficiency  between  motor 
pinion  and  wheel  treads 

£'  =  Efficiency  of  motor  (0.75  to  0.S8  at 
full  load)" 

If  grades  are  encountered  the  product  of 
TXF  must  be  increased  by  120  lb.  per  ton 
for  each  per  cent  grade  to  determine  the 
horse  power  required  when  on  the  grade. 

It  is  poor  economy  to  stint  on  the  size  of 
the  motor  because  of  the  number  of  uncertain 
factors,  such  as  curves,  dirt  on  tracks,  etc. 

Equipment  running  on  the  floor  without 
rails  can  be  divided  into  two  classes:  (1) 
tractors  and  trailers,  and  (2)  load  carrying 
trucks,  each  of  which  has  a  broad  field  oi 
application  overlapping  in  many  cases.  Trac- 
tors and  trailers  will  handle  freight  at  a  less 
cost  per  ton  than  industrial  trucks,  but  they 
lack  the  extreme  flexibility  found  in  the  latter. 
The  lower  cost  is  due  to  the  fact  that  an  oper- 
ator and  a  helper  will  handle  a  tractor  with 
a  train  of  from  six  to  twelve  trailers,  each 
carrying  from  one  to  two  tons  or  say  an  aver- 
age total  of  133^2  tons,  which  is  G^i  tons  per 
man.  The  industrial  truck,  while  capable  in 
many  cases  of  handling  heavier  loads,  will 
probably  not  average  a  ton  and  a  half  per 
truck,  and  an  operator  is  reotircd  for  each 
truck  and  often  a  l.ckcr  as  well.     1  urther, 


maintenance  is  less  on  tractors  and  trailers, 
as  the  number  of  power-driven  vehicles  to  be 
maintained  is  less  for  a  given  tonnage  than  if 
trucks  are  used.  Trailer  maintenance,  oi 
course,  has  to  be  included,  but  it  is  a  small 
item  as  compared  with  the  power  vehicles. 
Power  consumption  for  tractors  and  trains 
is  less  per  ton  (depending  on  the  number  oi 
trailers  per  train),  as  the  dead  load  per  ton  of 
live  load  is  less  for  tractors  and  trailers  than 
for  industrial  trucks.  On  the  other  hand, 
industrial  trucks  offer  the  maximum  degree 
of  flexibility  and  can  be  operated  success- 
fully in  cramped  spaces  where  tractors  and 
trailers  cannot  be  used.  Where  consignments 
are  small  and  there  is  a  large  amount  of 
sorting,  classification  and  distribution,  the 
industrial  truck  is  supreme. 

Power  consumption  for  tractors  and  trucks 
must  be  looked  at  from  a  somewhat  different 
standpoint,  since  t  ic  efficiency  of  the  storage 
batteries  must  be  taken  into  account  and  also 
the  efficiency  of  the  charging  apparatus  if 
power  is  not  received  in  the  proper  form  for 
charging.  The  storage  battery  efficiency 
(watts  input  to  watts  output)  varies  from 
about  50  per  cent  to  70  per  cent,  depending 
on  the  type  of  battery  and  the  rate  of  dis- 
charge, assuming  of  course  that  charging  is 
performed  at  the  correct  rate.  The  efficiency 
of  the  charging  equipment  varies  greatly, 
depending  on  the  kind  used,  its  size  and  the 
charging  load.  For  rotating  charging  sets, 
such  as  are  generally  used,  the  efficiency 
varies  from  GO  per  cent  to  S5  per  cent,  de- 
pending on  the  size  and  the  amount  of  load 
on  the  set. 

The  actual  horse  power  required  at  the 
motor  terminals  on  a  truck  or  tractor  can  be 
expressed  by 

TXFXS 
33000XEXE' 
where 

T  =Tons    total    weight     (includes    power 
vehicle,  live  load  and  tractors  if  used) 

F  =  Rolling  friction  coefficient  in  lb.  per  ton 

5   =  Speed  in  ft.  per  minute 

E  =  Mechanical  efficiency  from  motor  pin- 
ion to  wheel  treads 

£'  =  Efficiency  of  motor  (0.75  to  0.88  full 
load) 

The  value  of  F  for  general  all  around  service 
is  usually  taken  at  about  50,  although  it  varies 
between  about  28  for  hard  smooth  asphalt 
to  about  300  for  a  sandy  road.  The  value 
of  F  also  varies  greatly  depending  on  the 
size   of   wheels,    condition    of   tires,    type   of 
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trailer  bearings,  construction  of  trailers,  main- 
tenance of  lubrication,  etc.,  and  hence  the 
horse  power  requirements  will  vary  from  day 
to  day  on  the  same  vehicle  and  flooring. 
Various  kinds  of  road  surfaces  are  given 
listed  according  to  the  power  required 
for  propelling  vehicles  on  them,  and  the 
values  of  F  are  approximately  correct  for 
each  road: 

Asphalt,  hard  2S 

Concrete  road,  smooth  ;>li 

Brick,  smooth  40 

Cement  floor  40 

Wood  Mocks  Id 

Wood  planking  43 

Brick,  glazed  47 

Macadam,  good  condition  17 

Granite  blocks 56 

Brick,  poorly  laid  .17 

Gravel  or  poor  macadam  7."> 

Sand  road 277) 

The  value  "t  E  depends  on  tin-  design  of  the 
power  vehicle  and  the  lubrication.  On  a 
single  reduction  worm  gear  drive  designed 
for  fairly  high  speed,  it  may  reach  0.9  when 
the  vehicle  is  in  the  best  condition,  but  0.7  to 
0.8  is  undoubtedly  nearer  the  average  and 
still  lower  values  will  often  apply. 

These  data  show  how  important  it  is  from 
a  power  standpoint  to  have  a  smooth  floor 
and  to  maintain  the  equipment  in  the  best 
condition.  After  determining  the  horse  power 
it  is  necessarv  to  divide  it  by  the  hatterv  efti- 


ciencj  and  by  the  efficiency  of  the  charging  set 
while  tin-  battery  was  being  charged  to  deter- 
mine the  power  consumption  per  ton  handled. 
Summarizing  the  fundamental  facts  re- 
garding the  horizontal  transference  of  freight 
we  have: 

1.  Economical  handling  depends  very 
largely  on  plant  layout. 

2.  The  cost  of  horizontal  transference 
increases  with  the  distance  moved. 

3.  Straight  line  movement  is  more  eco- 
nomical than  curved  paths. 

I.  Ample  handling  space  must  be  pro- 
vided to  secure  economical  results. 

5.  If  trackless  power  vehicles,  portable 
conveyors,  or  hand  trucks  are  used, 
floor  construction  has  a  direct  influence 
on  economy  of  operation. 

>i  Fixed  machinery  such  as  stationary 
conveyors  show  highest  economy  per 
ton  handled  but  are  least  flexible. 

7.  Individual  trackless  power  vehicles, 
such  as  industrial  trucks  show  lowest 
economy  per  ton  handled  but  are  most 
flexible. 

8.  ( )ther  forms  of  machines  for  horizontal 
transference  fall  in  between  No.  6  and 
No.  7  in  regard  to  economy  and  flex- 
ibility. 

9.  Freight  handling  machinery  earns  no 
dividends  when  idle  or  running  empty, 
hence  keep  it  moving  with  loads. 
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Towers,  Cableways,  and  Skip  Hoists  in 
Coal  Handling 

By  C.  B.  Connely 
Power  vnd  Mining  Engineering  Department,  General  Electrii   Company 

On  account  of  the  enormous  bulk  of  coal  consumed  every  year,  th?  problem  of  handling  it  economically 
has  resulted  in  the  development  of  many  types  of  devices  each  adapted  to  the  sort  of  conditions  prevailing 
at  the  place  served.  The  three  most  prominent  of  these  are  described  in  the  following  article.  Their  load 
characteristics  are  explained  in  detail  together  with  the  elements  necessary  for  successful  operation. 
Interesting  figures  are  given  of  the  power  and  speeds  commonly  used. — Editor." 


Connely 


HPHAT  necessity  is 
*■  the  mother  of  in- 
vention— a  time-worn 
axiom — -has  again 
been  proved  in  the 
case  of  coal  tower  de- 
velopment. Costs,  of 
necessity,  have  to  be 
at  a  minimum  in  han- 
dling coal  in  bulk,  and 
great  ingenuity  has 
I  ieen  shown  in  the  de- 
velopment of  devices 
for  unloading  coal 
from  vessels  and  cars. 
The  development  of  these  coal  unloading 
devices  has  been  along  varied  lines,  owing  to 
local  requirements.  New  England  receives 
the  majority  of  its  coal  by  coastwise  trans- 
portation and  there  has  been  developed  what 
is  familiarly  known  as  the  Boston  steeple 
tower,  with  which  New  England's  seaboard 
is  literally  studded.  This  tower  consists  of  an 
A-frame  structure  supporting  a  boom  which 
may  or  may  not  be  inclined;  and  suspended 
from  a  movable  carrier  on  the  boom  is  a  grab 
bucket. 

In  its  earlier  days,  the  Boston  steeple  tower 
was  steam  operated  and  originally  used  two 
engines,  one  for  hoisting  and  one  for  horizon- 
tal motion,  each  requiring  an  operator.  Later 
the  controls  of  these  two  motions  were  com- 
bined and  one  man  controlled  the  bucket. 

The  modern  tower  is  electrically  operated; 
and  with  the  advent  of  the  electric  drive 
came  the  convenience  and  advantages  of 
remote  control  of  the  various  devices  on  the 
tower,  which  permitted  one  man  control 
from  a  centrally  located  point  and  resulted  in 
radical  changes  in  the  structure  of  the  old 
original  Boston  steeple. 

Fig.  1  shows  the  coal  unloading  tower  of 
the  Public  Service  Corporation  at  Essex 
Street,  Newark,  N.J.  It  is  far  removed  from 
the  old  Boston  steeple  tower,  yet  it  consists 


of  only  a  tower  forming  part  of  the  building, 
with  a  properly  constructed  boom  from 
which  the  bucket  is  suspended. 

Fig.  2  shows  the  arrangement  of  the  motors 
driving  the  hoist  and  rack  motions.  This 
tower  has  a  hoisting  speed  of  approximately 
1250  ft.  per  min.  and  makes  about  two  round 
trips  per  minute  over  a  hoisting  distance  of 
approximately  180  ft.  The  main  hoist  motor 
is  direct  connected  to  the  hoisting  engine  and 
is  rated  350  h.p.,  2(H) '104  r.p.m.  at  440  volts, 
and  hoists  a  two-ton  bucket.  The  rack  motor 
is  rated  75  h.p.,  900  865  r.p.m. 

Fig.  3  shows  a  similar  tower  in  use  by  the 
Consolidated  Gas  &  Electric  Company  of 
Baltimore.  Fig.  4  shows  the  hoisting  engine 
and  the  racking  engine.  This  tower  has  a 
hoisting  speed  of  about  1230  ft.  per  min.  and 
with  a  two-ton  bucket  makes  three  round 
trips  per  minute  over  a  hoisting  distance  of 
1 15  ft.  The  hoisting  motor  is  direct-connected 
to  the  hoisting  engine  and  is  rated  325  h.p.. 
187  181  r.p.m.,  and  the  rack  motor  is  rated 
50  h.p.,  500  475  r.p.m. 

Fig.  5  shows  another  type  of  tower  and 
illustrates  the  variety  of  motions  that  can  be 
placed  under  the  control  of  an  operator. 
This  tower  revolves  around  a  central  leg  and 
in  addition  has  an  apron  that  can  be  elevated. 
The  photograph  clearly  shows  these  features. 
This  tower  is  installed  at  the  Fall  River  Gas 
Company,  at  Fall  River,  Mass.  The  hoisting 
engine  is  gear  driven  by  a  150  h.p.,  720  690 
r.p.m.  motor  and  the  rack  by  a  75  h.p.. 
(Hill  855  r.p.m.  motor. 

Figs.  6  and  7  show  a  hammerhead  tower 
coal  hoist  in  the  plant  of  the  Labelle  Iron 
Works,  Follansbee,  W.  Va.  This  tower 
unloads  coal  from  the  river  barges  and  dumps 
into  a  belt  conveyor  which  carries  the  coal 
directly  to  the  by-products  plant,  or  it  can 
dump  into  larry  cars  which  convey  it  to  the 
storage  area.  Two  of  these  towers  are  in- 
stalled on  a  trackway  and  coal  can  be 
reclaimed  from  the  pile  and  loaded  out.     The 
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hoistin.  ese  tov  ers  is  about  600 

ft.  per  min.   and  not   quite  two  round   trips 

per  minute  can  be  made,  unloading  from  the 

.  (>r  to  the  conveyor  belt. 

Fig.  8  shows  towers  of  the  North  Western 

Fuel  Company  at   Superior.   Wis.,  and  were 

ically    driven    coal    unloading 


High  Speed  Coal  Tower  Essex  Station.  Publi 
Electric  Company,  Newark.  N.  J 


towers.    Fig.  9  shows  two  more  modern  towers 
erected  at  this  same  dock. 

Fig.  lit  shows  the  coaling  station  erected 
al  Cristobal.  Panama,  by  the  Isthmian 
Canal  Commission  in  1913.  This  station  is 
notable  on  account  of  its  immense  storage 
capacity  and  facilities  for  rapid  handling. 
These  data  given  in  Table  I,  page  3.35,  are  of 
interest. 

The  system  of  operation  is  as  follows: 

Coal  is  hoisted  into  hoppers  by  steam 
towers  located  at  the  left  of  the  dock,  whence 
it  is  carried  through  chutes  into  small  cars. 
These  cars  are  electrically  propelled  at  200  ft. 
per  min.  and  can  carry  ten  tons  of  coal.  They 
go  around  the  edge  of  the  dock  and  dunr 
either  in  a  wharf  bunker  (in  the  foreground) 
or  into  reloading  machines  at  the  right  of  the 
dock;  or  they  cross  the  bridges  and  dump  the 
coal  into  the  storage  pile.  They  go  in  con- 
tinuous circuits  and  are  stopped  and  started 
wherever  desired.  The  coal  is  reclaimed 
from  the  storage  pile  by  four  digging  towers, 
dumped  into  hoppers  at  the  top  of  the  digging 
tower,  and  carried  through  chutes  into  the 
aforementioned  small  cars.  It  is  transferred 
in  these  cars  to  the  wharf  bunker  or  to  the 
reloading  towers. 

The  reloading  towers  carry  the  coal  on  belt 
conveyors  from  the  hoppers  to  chutes  which 
spill  it  into  barges. 

The  photographs  show  a  wide  variety  of 
towers,  all  doing  essentially  the  same  thing 
vet  each  being  designed  to  meet  special  con- 
ditions. With  the  exception  of  the  Panama 
unloading  towers,  which  were  ordered  in  1912- 
3  and  represent  earlier  practice,  they  are  all 


ax 


Fig.  2.     Hoisting  Machinery  Essex  Station  Coal  Tower.  Public  Service  Electric  Company.  Newark,  N.  J. 
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electrically  operated,  this  fact  indicating  the 
superiority  of  electric  control  over  all  others. 
Aside  from  the  power  equipment,  the  hoisting 
engines  vary  in  details,  and  in  the  operation  of 
clutches  and  brakes,  etc.,  according  to  the 
ideas  of  their  designers. 

The  requirements  of  a  motor  driving  a 
hoisting  engine  are:  accelerating  in  the  hoist- 
ing direction,  hoisting,  stopping,  accelerating 
in  the  lowering  direction  with  overhauling 
load,  lowering  an  overhauling  load,  and  stop- 
ping an  overhauling  load.  In  this  cycle  some 
designers  use  the  friction  brake  for  controlling 
the  load  in  lowering,  while  others  are  using  a 
motor  to  control  the  load  and  return  power  to 
the  line.  In  the  case  of  a  friction  brake,  a 
slightly  smaller  motor  may  be  used,  but  with 
increased  wear,  maintenance  and  investment 
in  the  friction  brake.  With  a  motor  control- 
ling the  lowered  load,  a  somewhat  larger 
motor  is  required,  but  less  money  is  invested 
in  brakes. 

With  high  hoisting  speeds,  such  as  11250  ft. 
per  min.,  these  problems  become  serious  and 
require  expert  design  to  secure  adequate  con- 
trol in  lowering,  either  by  use  of  friction  brakes 
or  electric  motors  used  as  brakes. 

It  has  been  found  by  analysis  that  th? 
most  economical  hoisting  speeds  are  approxi- 
mately : 


Height 

Speed 

50  to     80  ft. 
80  to  115  ft. 
115  to  150  ft. 

600  ft.  per  min. 
900  ft.  per  min. 
1  250  ft.  per  min. 

Inasmuch  as  demurrage  charges  are  gener- 
ally high  and  constitute  a  controlling  factor 
in  the  cost  of  handling  coal,  the  coal  tower 
hoist  must  clean  up  the  vessel  in  the  quickesl 
time  possible.  This  means  high  rates  of  acceler- 
ation and    retardation,  winch  in   turn    mean 


Fig.  3.    High  Speed  Coal  To 
Light  and  Power  Co 


;er,  Consolidated  Gas,  Electr 
ipany,  Baltimore,  Md. 


that  inertia  losses  form  a  big  percentage  of  the 
total  power  requirements.  It  therefore  fol- 
lows that  the  ideal  hoist  is  a  drum  direct 
driven  bv  a  motor.     Practice  has  shown  that 


1  "X  "^m:- 


Fig.   4.      Hoisting  Machinery  for  Tower  Shown  in  Fig.   3 
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a  minimum  diameter  of  drum  for  a  2-ton 
bucket  is  about  24  ins.,  and  the  electrical 
design  does  not  permit  of  a  motor  on  60  cycles 
at  much  less  than  200  r.p.m.,  which  in  turn 
means  a  hoisting  speed  on  a  24-in.  drum  of 
about  1250  ft.  per  min.  These  figures  an 
approximate.  On  25  cycles  these  figures  be- 
come 125  r.p.m.  with  a  corresponding  hoisting 
speed  of  about  780  ft.  per  min.  Lower  speeds 
will  require  gearing. 

With  the  racking  distances  used  on  our 
Atlantic  seaboard  coal  towers,  which  range  all 
the  way  from  25  ft.  to  5(1  ft.,  practice  has 
shown  that  the  best  racking  speed  is  approxi- 
mately 350  to  450  ft.  per  min.,  according  to 
distance.  This  of  course  means  a  geared  en- 
gine. To  avoid  unnecessary  inerita  losses, 
the  motor  speed  should  be  as  low  as  possible 
and  yet  have  well  designed  gearing  and  proper 
drum  diameter. 

The  physical  ability  of  the  operator  to 
manipulate  the  controlling  apparatus  and  the 

mental     ability     tO     gauge     the     Speed     Of     the  Fig.   9.      Two  Coal  Unloading  Towers,  North  Western 

bucket   is   another   limit   on   the   number   of  Fuel  company,  Superior,  wis. 

trips  per  minute  that  can  be 
made,  irrespective  of  hoisting 
speed  or  hoisting  distance. 
At  the  present  time,  practice 
would  indicate  that  this  is 
but  little  over  three  round 
trips  per  minute. 

The  higher  speed  towers  are 
generally  equipped  with  hori- 
zontal booms,  but  there  is 
another  design  of  tower  in 
which  the  boom  is  inclined, 
sloping  down  and  away  from 
the  tower.  With  this  con- 
struction, racking  or  trolley 
motors  are  not  required;  but 
to  avoid  dangerous  impact 
the  bucket  should  not  be 
hoisted  into  the  trolley  wagon 
at  more  than  100  f.p.m.  This 
fact  causes  a  loss  of  time  in 

TABLE   I 
PANAMA   CANAL   COALING  STATION,    CRISTOBAL— STORAGE   CAPACITY 

Coal  pile  1700  ft.  long  by  307  ft.  wide  by  35  ft   above  water 385,000  tons  dry  storag< 

Coal  pile  500  ft.  long  by  307  ft.  wide  by  27  ft.  deep  below  water.  .  .  100,000  tons  wet  storage 

Total  ground  storage  capacity 485,000  tons 

Wharf  bunker  capacity L500  tons 

Four  cargo  unloaders  (steam),  250  tons  each Capacity  1,000  tons  per  hour 

Two  stocking  and  reclaiming  bridges,  315-ft.  span,  HHli)  Ions  each  (electric)  .    .  Capacity  2,000  tons  per  hour 

Four  reclaiming  bridge  diggers,  500  tons  each  (electric) Capacity  2,000  tons  per  hour 

Four  delivery  machines,  500  tons  each  (electric) ■  Capacity  2,000  tons  per  hour 

28  conveyor  cars,  10  tons  each  (electric) Capacity  2,000  tons  per  hour 

One  wharf  bunker  (electric) .-  Capacity  1,500  tons  per  hour 

One  viaduct,  doubletrack,  29  ft.  high,  surrounding  coal  pile. 
One  transforming  and  distributing  station,  2900  kv-a. 
One  administration  tower. 
Power  supply  440  volts,  3  phase,  25  cycles. 


Fig.  10.      Cristobal  Coaling  Station,  Panama  Canal 
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the  cycle,  and  while  the  equipment  permits 
tin'  use  oi  les  i  lectrical  apparatus  in  that  the 
racking  motor  is  omitted,  high  speeds  cannot 
be  used  economically  and  the  towers  are 
limited  to  slow  speed  work. 

On  the  Great  Lakes,  due  to  the  advanta- 
geous construction  of  the  vessels,  the  practice 
is  to  use  7  to  ID-ton  buckets  for  unloading 
coal,  whereas  on  the  Atlantic  seaboard,  owing 
to  the  fact  thai  coal  is  received  in  a  variety 
of  vessels,  most  of  which  have  high  keelsons, 
a  smaller  bucket  has  to  be  used  and  a  2-ton 
bucket  appears  to  be  the  largest  size  practical. 


The  cableway  is  about  1000  ft.  long,  with  the 
operator's  station  located  approximately  in 
the  center.  The  stationary  head  tower  is  240 
ft.  high,  and  the  tail  tower  which  is  movable 
is  '.mi  ft.  high.  The  conveying  speed  is  about 
111)0  ft.  per  min.  with  a  loaded  bucket  of 
14,900  lb.  A  150-h.p.  motor  operates  the 
,  and  the  clutch  and  friction  brakes  are 
clectro-pneumatically  controlled  and  oper- 
ated. This  installaton  is  a  very  good  example 
of  the  cast'  with  which  remote  control  of  hoist 
apparatus  may  be  arranged,  the  hoisting  en- 
gine and  control  panels  being  at  the  foot  of 


Fig.  11.      Perspective  of  Cableway  and  Coal  Storage  of  the  Consolidated  G 


Light  and  Power  Company,  Baltii 


With  the  large  buckets  the  hoisting  speed  so 
far  has  been  around  400  ft.  per  min.,  which  has 
given  sufficient  unloading  capacity.  On  the 
Atlantic  coast  towers,  which  have  lighter 
buckets,  the  speed  has  been  materially  higher 
in  order  to  get  the  capacity  required,  and  has 
reached  1250  ft.  per  min. 

Fig.  11  is  a  perspective  view  of  a  cableway 
and  coal  tower  equipment  at  the  Baltimore 
Consolidated  Gas  &  Electric  Company's 
Worth  Street  station,  which  illustrates  excel- 
lently the  field  of  usefulness  of  a  cableway. 
It  will  be  noted  that  the  cablewav  spans  a 
railroad  track,  a  gantry  crane,  and  a  cable- 
road  leading  from  the  coal  tower,  in  addition 
to  serving  the  coal  pile. 

Figs.  12  and  13  show  the  interior  of  the 
hoisting  house  with  the  driving  machinery. 


the  head  tower  while  the  operator's  cab  is  at 
about  the  center  of  the  span  on  the  coal  tower 
structure. 

Skips 

Skip  hoists  in  the  coal  handling  trade  are 
usually  confined  to  the  smaller  sizes.  They 
are  used  largely  in  railroad  locomotive  loading 
plants,  and  very  generally  as  ash  hoists  in 
power  stations.  A  skip  hoist  generally  has  to 
be  operated  with  the  maximum  of  reliability 
and  the  minimum  of  supervision,  and  is 
usually  in  the  hands  of  unskilled  labor.  A 
skip,  after  being  loaded,  is  started  by  an 
operator,  and  modern  requirements  are  such 
that  the  skip  must  hoist,  dump,  and  return 
automatically  and  with  safety.  These  prob- 
lems  have   all    been   solved   for   both  direct 
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Fig.  12.      Machinery  Ho 


Consolidated  Gas,  Electric  Light  and  Po 


and  alternating-current  motors,  and  s"  ips 
filling  these  requirements  are  in  daily  opera- 
tion in  innumerable  plants.  Skips  are 
operated  as  unbalanced  single  cars,  single 
cars  counter- weigh  ted,  and  two  cars  balanced. 
Hoisting  speeds  range  up  to  approximately 
300  ft.  per  min.  The  main  problem  in  the  con- 
trol of  skips  is  the  accurate  landing  of  the  load. 
Inasmuch  as  the  final  stopping  of  the  load 
comes  on  the  friction  brake,  to  get  accuracy 
of  landing  the  speed  at  which  the  friction  brake 
applies  should  not  be  over  50  ft.  per  min., 
slowing  down  from  the  higher  hoisting  speeds 
to  50  ft.  being  obtained  by  electric  braking. 
With  alternating-current  motors  this  is  done 
by  the  use  of  what  is  known  as  the  two-speed 
motor;  i.e.,  there  is  one  set  of  connections  or 
windings  for  slow  speed  and  another  set  for 


high  speed,  the  retardation  from  high  to  slow 
speed  being  obtained  by  connecting  the  motor 
on  the  low  speed  winding  and  running  it  as  an 
inductive  generator  above  its  synchronous 
speed  during  the  retardation  period. 

Late  developments  would  indicate  the 
greater  use  of  squirrel  cage  motors  in  skip  hoist 
service.  A  single-speed  squirrel  cage  motor,  if 
the  cycle  does  not  require  themotor  to  be  hoist- 
ing more  than  25  to  30  per  cent  of  the  time, 
should  take  care  of  hoisting  speeds  up  to  150 
ft.  per  min. — this  in  sizes  up  to  25  h.p.,  pro- 
vided the  power  company  permits.  Two- 
speed  motors  can  be  built  with  squirrel  cage 
windings  having  a  ratio  of  2:1  or  3:1.  With 
higher  ratio  a  buffer  resistance  is  interposed 
between  the  high  and  low  speed  winding  during 
retardation,  thus  limiting  the  current  peaks. 


Fig.  13.      Hoisting  Engine  on  Cableway  Co 


Power  Company,  Baltimore.  Md. 
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Conveyors 

Accuracy  of  landing  or  the  difference  in 

stopping  distance  when  stopping  a  loaded 
bucket  and  when  stopping  an  empty  bucket 
varies  as  the  square  of  the  speed,  the  Load 
being  the  same.  It  follows  then  that  were 
the  accuracy  of  landing  from  a  speed  of  oil 
ft.  per  min.  one  foot,  from  150  ft.  per  min.,  it 
would  be  nine  feet.  This  clearly  shows  the 
need  of  a  low  speed  from  which  to  make  the 
inal  step. 

While  skipways  are  practically  unlimited 
as  to  height,  bucket  elevators  for  heavy 
materials  are  limited  owing  to  internal 
strains. 

Practice  has  shown  that  low  tonnage 
elevators,  either  of  belt  and  bucket  or  chain 
and  bucket  type,  can  be  made  light  enough 
so  that  they  can  operate  up  to  150  ft.  in 
height  With  heavier  material,  the  limiting 
point  seems  to  be  about  125  ft.,  with  the 
preference  of  the  builders  somewhat  below 
these  figures.  Speeds  of  bucket  elevators 
range  from  100  to  350  ft.  per  min.  depending 
on  the  requirements. 


For  the  handling  of  coke  where  breakage 
is  a  deciding  factor,  this  speed  is  limited  to  50 
to  90  f.p.m.  With  coal  the  corresponding 
peeds  are  higher,  ranging  from  90  to  130 
f.p.m.  depending  on  the  breakage  allowed. 
Breakage,  however,  is  due  to  both  discharging 
ipeed  and  distance  of  fall,  both  summn 
into  impact.  Speed  of  discharge  is  affected  by 
the  size  of  the  head  pulley  in  certain  cases. 
With  modern  stokers  small  size  coal  is  desir- 
able rather  than  otherwise,  and  therefore  the 
breakage  due  to  handling  is  not  the  serious 
question  it  is  in  the  handling  of  commercial 
coal,  and  speeds  of  coal  elevators  for  power 
stations  can  be  materially  higher  than  was 
considered  possible  in  the  past  when  mechani- 
cal stokers  were  not  used.  Where  no  consid- 
eration need  be  shown  on  account  of  breakage, 
the  elevating  speeds  can  run  up  to  approxi- 
mately 160  ft.  per  min. 

The  writer  will  not  attempt  to  make  a 
comparison  of  hoisting  by  intermittent  duty 
devices,  such  as  skips  or  grab  buckets  with 
constant  speed  devices  such  as  bucket 
elevators,  owing  to  the  detail  involved  in  any 
adequate  discussion   of  belt   conveyors. 


An  Electro-magnetic  Crane  i 
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Cargo  Cranes 


By  J.  A.  Jackson 
Power  and  Mining  Engineering  Department,  General  El  e<  ikh    Company 

In  the  composition  of  the  following  article,  the  author  has  described  the  general  i  on  truction  features  of 
cargo  cranes  only  in  so  far  as  they  concern  his  principal  endeavor — the  explanation  ol  thi  particular  service  to 
which  each  type  of  crane  is  best  adapted  and  the  discussion  of  the  effect  which  various  operating  conditions 
have  on  their  design.  Such  factors  as  capacity,  speed,  acceleration,  retardation,  etc.,  are  treated  very  thor- 
oughly, and  the  information  and  recommendations  presented  are  of  great  value  to  the  designer  and  the  pur- 
chaser. Prom  a  careful  analysis  of  the  dutj  required  of  these  types  of  crane,  thi  authoi  derives  the  values 
which  must  be  regarded  as  the  ruling  factors  in  the  design  of  an  ideal  crane.      Km  roR 
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A  lessons  taughtus 
by  the  great  war,  the 
modern  mechanically 
equipped  terminal  is 
coming  into  its  own. 
Although  still  opposed 
by  a  few  reactionaries 
who  should  know  bet- 
ter, its  benefits  and 
profits  will  compel  ii 
to  win  out. 

While  there  is  a 
great  variety  of  elec- 
trically driven  ma- 
chinery which  is  admirably  adapted  for  use 
on  modern  piers,  one  of  the  most  impor- 
tant and  popular  machines  is  certain  to  be 
the  cargo  crane  in  one  or  other  of  its  forms 
The  object  of  this  paper  is  to  point  out  some 
of  the  principal  features  in  the  design,  ca]  lacity 
and  speeds  of  some  of  the  more  important 
types  of  these  cranes,  with  the  hope  that  the 
remarks  may  be  of  assistance  to  prospective 
purchasers  when  drawing  up  their  specifica- 
tions. 

Considering  the  design,  there  are  the  full 
arch  (Fig.  1)  and  the  half  arch  (Fig.  2) 
gantry  cranes  (often  known  as  the  full  portal 
and  semi-portal),  the  various  types  of  roof 
cranes  (Fig.  3,  terry  roof  crane)  and  the  so- 
called  locomotive  crane  (Fig.  4).  Most  of 
these  can  be  still  further  sub-divided  into 
two  classes,  depending  on  the  method  used 
for  bringing  the  load  from  over  the  hatch  to 
the  pier  or  vice  versa.  One  class  uses  the 
swinging  jib  (Fig.  1)  while  the  other  uses  a 
straight  line  motion,  obtained  by  a  trolley 
wagon  running  on  tracks  (Fig.  3)  to  accom- 
plish the  transfer. 

The  best  all-around  type  of  crane  to  use 
depends  largely  on  the  construction  of  the 
pier  and  annual  tonnage  handled.  For 
modern  piers  with  a  reasonably  wide  space 
between  the  pier  shed  and  the  string  piece 
(20  to  40  ft),  the  half  or  full  arch  gantry 


would  seem  the  best  type,  with  the  half  arch 
gantry  somewhat  favored  since  there  is  no 
rear  leg  to  interfere  with  cargo  movement 
on  the  pier.  The  only  objection  to  the  half 
arch  gantry  is  that  the  side  of  the  building 
must  he  built  sufficiently  strong  to  carry  the 
track  for  the  rear  end  of  the  crane.  However. 
as  the  design  is  usually  such  that  the  rear  leg 
is  only  lightly  loaded,  this  does  not  add  greatly 
ti  >  t  he  cost  of  the  building.  Further,  if  the 
pier  is  a  really  modern  two-story  pier  with 
upper  landing  deck  it  is  likely  that  very 
little  extra  cost  will  be  added  to  accommodate 
the  rear  end  crane  track. 

On  modern  piers  which  handle  a  small 
annual  tonnage,  the  less  expensive  locomotive 
crane  finds  an  economic  place,  since  its 
tracks  may  be  arranged  to  switch  it  to  any 
part  of  the  pier  or  even  into  the  pier  shed  if 
the  head  room  is  sufficient.  Further,  most 
locomotive  cranes  are  arranged  to  handle  two 
lines  for  grab-bucket  work,  making  them 
useful  for  handling  bulk  cargo.  Their  dis- 
advantages are  that  they  occupy  valuable 
pier  space  and  are  not  sufficiently  flexible  to 
accommodate  themselves  to  extreme  varia- 
tions in  height  of  hatches  due  to  tides  and 
draft;  power  collective  devices,  unless  costly, 
are  likely  to  interfere  with  the  horizontal 
movement  of  freight  on  the  pier  and  the 
operator  is  not  so  favorably  located  for 
handling  his  work  rapidly  as  on  the  higher 
types  of  cranes. 

The  various  types  of  roof  cranes  are  used 
on  piers  where  there  is  not  sufficient  space 
between  the  shed  and  string  piece  to  accom- 
modate the  gantry  or  half  gantry  types. 
Tnese  cranes  have  the  advantage  of  being 
adaptable  to  obsolete  types  of  piers,  provided 
the  substructure  and  superstructure  are 
strong  enough  or  can  be  made  sufficiently 
strong  to  stand  their  weight.  They  require 
openings  in  the  roof  of  the  building  which 
are  objectionable  in  wet  or  cold  weather,  and 
furthermore,  unless  the  hatches  of  a  vessel 
can  be  lined  up  with  the  openings  in  the  roof 
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Fig.  1.      Full  Arch  Gantry  Revolving  Jib  Crane  Handling  Steel 
Directly  from  Cars  to  Lighter 


Fig.  2.      Half  Arch  Gantry  Revolving  Jib  Crane  on  a  Quay  for 
Loading  and  Unloading  Ocean  Going  Ships 
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the  crane  must  be  moved  longitudinally  for 
each  draft  which  tends  to  slow  up  the  opera- 
tion and  consume  more  power. 

The  relative  merits  of  the  revolving  jib 
versus  the  straight  line  motion  for  the  trans- 
fer of  the  load  between  pier  and  ship  have 
been  much  discussed  and  from  the  number 
installed  both  here  and  abroad  the  jib  crane 
seems  to  be  the  favorite. 

Jib  cranes  have  the  advantage  that  two 
can  be  easily  worked  in  a  single  hatch  ( i  in  >- 
vided  the  booms  are  of  sufficient  length)  by 
locating  them  as  shown  on  Fig.  5,  while  the 
width  of  the  pier  legs  of  a  straight  line  motion 
crane  may  not  permit  this  (see  Fig.  6).  The 
trolley  tracks  of  a  straight  line  motion  crane 
can,  however,  be  pivoted  in  a  horizontal  plane 
as  shown  in  Fig.  7,  permitting  two  cranes  to 
be  used  in  a  single  hatch.     Further,  two  jib 


The  jib  crane  on  the  other  hand  has  the 
disadvantage  of  having  a  large  moment  of 
inertia  on  the  swinging  motion  which  requires 
more  power  for  accelerating  and  more  braking 
power  for  stopping.  Further,  it  moves  the 
load   in   the  are  of  a  circle  which  requires  a 


View    Showing    Two    Revolving    Jib 
anes  Working  in  a  Single  Hatch 
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cranes  can  be  hooked  to  a  load  too  heavy 
for  a  single  crane  and  by  proper  co-ordination 
of  their  hoist,  jib  and  travel  motions,  the 
load  can  be  successfully  hoisted,  transferred, 
and  lowered.  This  cannot  be  done  with  two 
straight  line  motion  cranes. 


greater  load  speed  to  convey  the  load  between 
two  points  in  a  given  time,  which  in  turn 
causes  more  swinging  of  the  load  to  impair 
accuracy  in  landing.  Its  flexibility,  however, 
seems  to  outweigh  these  disadvantages  and 
it  is  more  generally  used  than  the  straight 
line  motion  crane. 

Two  forms  of  construction  are  used  in 
revolving  jib  cranes,  one  being  known  as  the 
pintle  type  and  the  other  as  the  turn-table 
and  king-pin  type.  In  the  pintle  type  the 
weight  of  the  revolving  structure  is  carried 
on  a  small  bearing  of  the  spherical  or  roller 
i  ype,  while  the  over-turning  moment  is  taken 
tare  of  by  two  side  thrust  bearings,  spaced 
well  apart  to  keep  down  the  bearing  stresses. 
The  thrust  on  these  two  bearings,  being  in 
opposite  directions,  subjects  the  stationary 
I  ii  irtion  of  the  crane  between  them  to  a  severe 
bending  strain  requiring  a  cantilever  type  of 
construction.  In  the  turn-table  and  king-pin 
the  revolving  part  of  the  crane  is  car- 
ried  "ii  wheels  which  roll  on  a  circular  track 
several  feet  in  diameter.  The  wheels  are 
held  central  on  this  track  by  a  king-pin  revolv- 
ing in  a  bearing  at  the  center.  The  disposi- 
tion  of  the  weights  of  the  revolving  structure 
is  such  that  its  center  of  gravity  a'v  ays  falls 
inside  the  circular  track  regardless  of  the  load 
being  handled  -within  reasonable  limits,  of 
course.  If  correctly  designed  either  type 
good  satisfaction,  although  for  a  given 
capacity  and  speed  the  turn-table  type  will 
usually  weigh  more,  thus  requiring  more 
power  for  accelerating  and  retarding  it. 

Turning  next  to  the  proper  capacity,  we 
find  a  question  on  which  there  seems  to  be 
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considerable  difference  of  opinion.  The 
capacity  should  be  ample  but  not  one  bit  more 
than  necessary,  as  extra  capacity  means  extra 

il  which  in  turn  means  additional  first 
cost  and  cost  of  operation.      What  then,   is 

orrect  capacity?    A  study  of  a  pamphlel 


Fig.  6.      Plan  View  of  Two  Straight  Line  Motion  Fixed  Jib 

Cranes  Unable  to  Work  in  One  Hatch  on  Account 

of  Interference  of  Supporting  Steel  Structure 


entitled  "Storage  Factors  for  Ship  Cargoes," 
published  by  the  U.  S.  Shipping  Board  in  1919, 
reveals  the  fact  that  out  of  2515  commodities, 
the  standard  weight  of  package  of  S2.6  per 
cent  of  them  is  500  lb.  or  less.  Between 
501  lb.  and  2000  lb.  the  per  cent  is  11.1 
per  cent,  and  between  2001  and  6000  lb.  the 
per  cent  is  2  per  cent.  There  is  1.3  per  cent 
above  (iOOO  lb.,  most  of  which  consists  of  car 
load  shipments  of  such  commodities  as  lumber, 
grain,  ore,  etc. 

Due  consideration  must  be  given  to  the 
fact  that  many  of  the  2515  commodities  are 
of  such  a  nature  that  the  quantity  handled 
is  small.  However,  making  due  allowance 
for  this,  the  evidence  is  strong  that  a  very 
large  percentage  of  general  cargo  is  put  up  in 
packages  weighing  500  lb.  or  less. 

Of  the  commodities  below  2000  lb.  a  large 
percentage  of  them  is  of  such  a  nature  as  to 
be  suitable  for  making  up  into  sling  loads, 
hence  the  next  question  is,  what  is  the  a\  i 
weight  of  a  sling  load?  One  to  two  thousand 
pound  sling  loads  seem  to  work  out  best  fi  ir 
several  reasons:  first,  heavier  loads 
the  sling  to  crush  the  containers  and  damage 
the  goods  in  many  cases;  second,  the  length 
of  time  to  make  up  heavier  loads  in  many 
classes  of  goods  is  such  that  the  crane  would 
have  to  stand  idle  while  waiting  for  the  load 
to  be  made  up;  third,  it  seems  to  be  the 
generally  accepted  opinion  of  practical  steve- 
dores that  the  fastest  and  most  economical 
loading  can  be  accomplished  with  loads 
around  1800  to  2000  lb.;  fourth,  where  trac- 
tors and   trailers  are  used  for  handling  the 


goods  on  the  dock,  sling  loads  up  to  2000  lb 
can  frequently  be  deposited  as  a  unit  on  a 
single  trailer,  where  heavier  loads  must  be 
set  down  and  broken  up  into  suitable  trailer 
loads.  From  this  it  seems  as  though  a  crane 
should  be  designed  to  cconomicallv  handle 
up  to  2000  to  2500  lb.;  but  it  must  also 
have  an  overload  capacity  since  it  would  be 
uneconomical  to  have  to  move  a  vessel  or 
even  the  crane  and  bring  up  one  of  greater 
capacity  when  greater  loads  must  be  handled. 
Since  the  per  cent  of  loads  above  6000  lb. 
mall  it  would  seem  best  to  design  for  an 
rload  of  about  6000  lb. 
Direct-current  electrical  equipment  which 
is  designed  to  handle,  without  overheating, 
2000-lb.  loads  at  hourly  tonnage  rates  usu- 
ally encountered,  will  generally  have  suffi- 
cient  reserve  capacity  to  handle  an  occa- 
sional 6000-lb.  load.  Even  if  a  number  of 
0000-lb.  loads  must  be  handled  in  succession, 
it  is  very  doubtful  whether  heating  of  the 
electric  motor  will  be  the  limiting  feature, 
since  the  fact  that  the  loads  are  heavy  insures 
their  being  handled  slowly  and  carefully. 
This  fact  automatically  prevents  any  great 
rise  in  the  tons  handled  per  hour,  which  is 
the  true  measurement  of  the  work  on  the 
motor  from  a  heating  standpoint.  If  alternat- 
ing-current equipment  is  used,  the  6000-lb. 
load  will  play  a  more  important  part  in  de- 
termining the  motor  size,  since  an  a-c.  motor 
does  not  have  the  overload  capacity  in 
torque  that  a  d-c.  motor  has.  This  means 
t  hat  for  a  given  capacity  crane,  an  a-c.  motor 


Fig.   7.      Plan  View  of  Two  Straight  Line  Motion  Pivoted  Jib 

Cranes  Working  in  One   Hatch   Without   Interference 

of  Supporting  Steel  Structure 


should  be  larger  than  a  d-c.  motor  for  equal 
performance. 

For  heavier  loads,  probably  the  most  eco- 
nomical arrangement  is  to  have  one  heavy 
capacity  floating  crane  which  can  be  moved 
about  as  occasion  requires  and  operated  on 
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the  outboard  side  of  the  vessel  without  ma- 
terially interfering  with  the  operation  of  the 
smaller  dock  cranes.  Other  methods  of  hand- 
ling the  heavier  pieces  are  to  have  one  heavy 
capacity  dock  crane  which  can  be  brought 
up  when  occasion  demands,  or  two  of  the 
smaller  cranes  can  be  operated  together  on  a 
single  load.  A  study  of  the  cranes  used  on 
foreign  docks  where  they  have  had  much 
more  experience  with  such  cranes  than  in 
this  country  indicates  that  2000-lb.  average 
load  and  6000-lb.  maximum  load  is  pivttv 
close  to  the  correct  capacity. 

Now  as  to  speeds:  there  are  always  three 
and  sometimes  four  motions  to  be  considered, 
viz.,  hoist,  slewing  or  trolleying,  bridging  or 
traveling  and  sometimes  luffing  or  raising 
the  jib.  The  speeds  of  all  motions  should  be 
so  co-ordinated  that  each  speed  will  in  itself 
work  to  the  best  advantage  and  that  the  com- 
bined speed  of  the  crane  will  also  be  the  most 
efficient  from  every  standpoint.  For  example, 
the  combined  speed  of  a  certain  crane  might 
be  such  that  theoretically  the  amount  of  cargo 
handled  would  be  just  what  was  required, 
but  this  combined  speed  might  be  the  com- 
bination of  too  slow  a  hoisting  speed  and  too 
high  a  slewing  speed,  or  vice  versa,  which 
would  result  in  poor  practical  operation. 

The  ideal  combined  speed  of  a  crane  is  a 
speed  which  causes  no  delays  to  either  the 
gangs  of  stevedores  or  to  the  crane  itself. 
Such  a  speed  is  impossible  of  attainment  at 
all  times,  as  operating  conditions  vary  so 
widely.  However,  since  that  part  of  the 
cost  of  handling  a  ton  of  freight  chargeable 
against  the  crane  (including  fixed  charges, 
power  and  crane  labor)  is  considerably  less 
than  the  part  of  the  cost  chargeable  against 
stevedores'  labor,  it  is  advisable  to  make  the 
combined  speed  of  the  crane  high  enough  to 
keep  just  ahead  of  the  stevedores  under  the 
worst  conditions. 

As  hoisting  and  slewing  speeds  are  the  most 
used  and  hence  most  important,  they  will  be 
considered  first.  The  hoisting  speed  should 
be  considered  from  the  standpoint  of  the 
average  load  to  be  handled  rather  than  the 
maximum  load  which  the  crane  can  handle, 
since  it  is  with  average  loads  that  the  crane 
handles  most  of  its  tonnage.  As  to  what  this 
average  load  speed  should  be,  is  again  a 
question  which  does  not  seem  to  have  been 
definitely  agreed  upon.  If  most  of  the  crane 's 
work  is  to  be  in  connection  with  large,  deep 
draft  ocean  freighters,  a  higher  rope  speed 
is  necessary  than  when  used  with  boats  with 
shallow   holds.      Tidal    range   may    also    in- 


fluence  the  rope  speed  as  it  may  necessitate 
very  high  lifts  at  some  stages  of  the  tide, 
and  the  rope  speed  must  be  high  enough  to 
keep  all  stevedores  busy  under  this  condition. 
The  present  tendency  in  all  lines  of  business 
is  to  "speed  up,"  and  considering  the  high 
standby  charges  against  a  boat  in  port  it  is 
very  essential  to  speed  up  the  loading  and 
unloading  of  ships.  However,  the  pre  en1 
rate  of  handling  cargo  is  limited  by  the  stow- 
ing or  breaking  down  of  cargo  in  the  ship's 
hold,  but  who  can  tell  but  what  some  new 
method  or  machine  will  be  developed  which 
will  speed  up  the  work  in  the  vessel's  hold. 
A 1  <  idem  cranes  should  anticipate  this  and  their 
speed  should  be  selected  accordingly.  Practical 
i  •  vedi  ires  are  likely  to  advocate  relatively  low 
rope  speeds  first,  on  account  of  having  been  ac- 
customed to  niggerheacl  winches  where  low  rope 
speeds  must  be  used,  and  second,  they  have  no 
desire  to  see  anything  introduced  which  w-ill 
speed  up  the  work.  This  of  course  is  a  wrong 
attitude,  as  speeding  up  by^  machinery  has 
always  benefited  labor  in  the  end. 

The  average  load  rope  speed  should,  on  all 
but  the  shortest  lifts,  be  200  ft.  per  min.  or 
higher.  Many^  advocates  of  225  to  250  ft. 
per  min.  can  be  found,  and  a  few  who  propose 
very  much  higher  speeds,  up  to  400  or  500  ft 
per  min.  It  is  extremely  doubtful  whether 
these  high  speeds  are  justified  or  can  be  used 
to  advantage  even  on  the  highest  lifts.  With- 
out knowing  all  conditions,  it  is  not  possible 
to  determine  the  most  efficient  hoisting  speed 
for  any  particular  crane. 

The  determination  of  the  correct  slewing 
speed  is  equally^  important,  and  due  consider- 
ation must  be  given  to  four  facts : 

1.  That  practically-  all  the  work  is  ac- 
celerating and  decelerating. 

2.  That  on  d-c.  supply  a  series  motor  is 
used,  making  it  necessary  to  take  its  speed- 
torque  characteristics  into  consideration. 

3.  That  the  average  hook  load  does  not 
play  as  important  a  part  in  determining  the 
speed  as  it  does  on  the  hoist  motion,  since 
it  is  a  much  smaller  part  of  the  total  weight 
to  be  moved. 

4.  The  pendulum  swinging  of  the  load 
due  to  centrifugal  force  increases  as  the 
square  of  the  speed. 

Lack  of  appreciation  of  some  or  all  of  these 
points  has  probably  been  the  cause  for  gear- 
ing so  many  cranes  higher  than  necessary. 
To  illustrate  some  of  these  facts,  Fig.  8  has 
been  prepared  showing  the  accelerating  curves 
of  a  revolving  jib  crane  with  a  35  ft.  radius 
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when  geared  for  free  running  speeds  of  2  r.p.m. 
and  3  r.p.m.  It  has  been  assumed  that  the 
average  swing  is  120  deg.,  which  equals  a  load 
movement  of  7-'!  ft.,  and  of  this  distance 67  per 
cent  or  IC  ft .  (80  deg.  i  is  traveled  under  power 
and  33  percent  or  l'4  ft.  (40  deg.  i  coasting  and 


increased  power  consumption  and  peaks,  and 
increased  overhead  and  maintenance.  Fig.  8 
also  shows  that  under  none  of  the  three  con- 
ditions does  the  crane  attain  its  full  geared 
speed.  With  :!  r.p.m.  gearing  it  reaches  75 
•it  of  the  full  geared  speed,  while  with 
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Acceleration  Curves  for  Different  Gearing  and  Rat 
on  the  Slewing  Motion  of  a  Revolving  Jib  Cr 


Df  Acceleration 


braking,  with  no  power  on  the  motor.  The 
curves  are  calculated  for  a  d-c.  series  motor, 
making  full  allowance  for  the  effect  ot  its 
characteristic  curve  on  the  acceleration.  The 
accompanying  table  gives  a  summary  of  the 
calculations  which  shows  the  fallacy  of  gear- 
ing for  too  high  a  speed. 

This  table  shows  that  for  this  particu- 
lar crane,  which  represents  a  typical  cargo 
crane,  gearing  for  3  r.p.m.  and  accelerating 
at  2  ft.  per  sec.  while  on  the  resistor,  gains 


2  r.p.m.  and  '■>  ft.  per  sec.  acceleration  it 
reaches  94  per  cent  of  its  geared  speed  at  the 
49th  foot.  When  geared  for  2  r.p.m.  and 
accelerating  at  2  ft.  per  sec.  while  on  the 
resistor,  the  time  is  only  1.1  sec.  longer 
than  on  the  3  r.p.m.  crane,  but  the  power 
consumption,  power  peak,  and  the  swinging 
of  the  load  are  much  improved.  The  rate 
of  acceleration  while  on  the  resistor  can  be 
taken  entirely  out  of  the  hands  of  the  opera- 
tor and  definitely  determined  by  using  mag- 
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only  0.61  sec.  in  time,  but  at  an  expense  of 
35  per  cent  more  power,  a  power  peak  only 

2  per  cent  less  but  lasting  143  per  cent  longer 
time,  a  42  per  cent  greater  swinging  of  the  load 
and  42  per  cent  more  wear  on  the  brakes  than 
on  a  similar  crane  geared  for  2  r.p.m.  with 

3  ft.  per  sec.  acceleration  while  on  the  resistor. 
The  increased  power  consumption  for  the 
3  r.p.m.  will  in  many  cases  require  a  larger 
motor,    which    means    increased    first    cost. 


netic    control    with   current    limit    accelera- 
tion. 

On  a  swing  of  less  than  120  deg.  the  disad- 
vantage of  a  high  geared  speed  becomes  much 
more  pronounced,  hence  it  would  seem  that 
cargo  cranes  (unless  with  very'  short  booms) 
should  never  be  geared  higher  than  2  r.p.m. 
and  that  in  many  cases  a  careful  analysis  of 
the  cycle  of  operation  would  show  that  even  a 
slower  speed  could  be  used  to  advantage. 


CARGO  CRANES 


345 


A  load  hanging  from  the  end  of  a  revolv- 
ing jib  is  subjected  to  two  forces  which  cause 
it  to  oscillate  like  a  pendulum  when  the  jib 
revolves.  The  first  force  is  caused  by  the 
inability  of  the  load  to  start  accelerating  at 
the  same  rate  as  the  end  of  the  jib  due  to  the 
flexibility  of  the  rope.  This  sets  up  an  os- 
cillation which  is  fairly  well  under  the  control 
of  the  crane  operator,  since  by  skillful  retar- 
dation he  can  stop  the  oscillation  before  land- 
ing the  load.  The  second  force  is  that  due 
to  centrifugal  force  which  causes  a  pendulum 
swing  proportional  to  the  square  of  the  speed 
at  which  the  crane  is  revolving.  The  swing 
thus  produced  is  very  objectionable,  since  it 
is  beyond  the  power  of  the  operator  to  stop 
it,  as  it  is  at  right  angles  to  the  direction  of 
motion  of  the  load.  It  is  desirable,  therefore, 
to  keep  it  a  minimum  by  keeping  down  the 
revolving  speed. 

The  determination  of  the  best  speed  for 
the  trolley  motion  of  a  straight  line  motion 
crane  is  not  so  difficult  to  determine,  sine 
there  is  no  heavy  mass  to  be  accelerated 
and  decelerated  and  no  centrifugal  forces 
acting  on  the  load.  The  geared  speed  will 
depend  on  the  average  length  of  travel,  the 
hourly  capacity  to  be  handled,  whether  the 
boom  is  level  or  inclined,  and  on  the  weight 
of  the  average  load  handled.  Each  case 
must  be  analyzed  separately  and  its  proper 
speed  determined.  Speeds  used  varv  from 
200  to  GOO  f.p.m. 

The  speed  of  a  luffing  motion  on  a  jib  crane 
is  relatively  unimportant,  since  the  jib  is 
usually  placed  at  the  best  angle  for  operation 
and  kept  there  for  relatively  long  periods  of 
time.  It  is  usually  geared  for  a  low  speed 
and  the  motor  must  have  sufficient  power  to 
raise  the  boom  in  any  position  with  full  load 
on  the  hook. 

The  determination  of  the  correct  speed  of 
the  bridge  motion  is  in  some  ways  similar 
to  that  for  the  slewing  motion,  since  in  each 
case  there  is  a  large  mass  to  accelerate,  and, 


except  occasionally,  the  distance  the  crane 
is  moved  is  small.  Here  again  there  seems  to 
be  a  tendency  to  gear  for  too  high  speeds, 
resulting  in  costly  equipment  and  inefficient 
operation.  The  maximum  distance  a  crane 
is  likely  to  have  to  travel  is  seldom  over  two 
or  three  hundred  feet,  for  if  the  crane  track 
is  longer  than  this  there  will  very  likely  be 
two  or  more  cranes  installed.  The  necessity 
for  traveling  the  maximum  distance  generally 
occurs  infrequently  and  it  is  not  often  that 
there  is  any  necessity  for  moving  the  crane 
with  any  regularity  when  handling  cargo. 
If  such  movement  is  necessary  it  is  for  a  few 
feet  only  which  can  be  covered  more  efficient- 
ly by  a  low  geared  crane  with  rapid  accelera- 
tion than1  by  a  high  geared  crane  with  slow 
acceleration.  Since  the  duty  of  the  bridge 
motor  is  so  intermittent,  heating  usually  plays 
no  part  in  determining  its  size.  It  must, 
however,  have  torque  capacity  to  propel  the 
crane  against  the  strongest  head  winds  likely 
to  be  encountered.  With  a  high  geared 
crane  this  may  call  for  a  large  expensive 
motor  even  though  acceleration  under  normal 
conditions  is  held  to  a  low  rate  by  current 
limit  control.  Unless  there  is  some  peculiar 
feature  in  the  regular  operation  of  a  crane 
which  requires  a  lot  of  bridging  over 
considerable  distances,  it  is  questionable 
whether  a  speed  of  more  than  100  f.p.m.  is 
justified. 

Summing  up,  a  good  all-around  cargo 
crane  for  general  work  seems  to  be  one  which 
will  handle  2000  to  2500-lb.  loads  at  about 
225  f.p.m.  on  a  regular  loading  or  unloading 
cycle.  It  must  be  able  to  handle  an  occasional 
overload  up  to  0000  lb.  at  whatever  speed 
the  motor  characteristic  gives  for  this  load. 
The  jib  should  be  geared  for  1'  r.p.m.  when 
handling  2(100  to  2500  lb.  and  the  bridge 
should  be  geared  for  100  f.p.m.  The  bridge 
motor  must  have  sufficient  torque  capacity 
to  propel  the  bridge  at  a  reduced  speed  against 
the  heaviest  head  winds. 
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Power  Distribution  for  Docks 

By  Ernest  Pr  \- 

Power  and  Mining  Engineering  Department,  General  Elei  ikh   Company 

The  character  of  freight  handled  al  .1  dock  largely  determines  what  types  of  machinery  shall  be  u 

and  also  the  power  equipment  and  distribution  system  necessary  to  complete 

triftcation.     The  author  ol  into  two  classes,  thosi    handling  bulk  freight  and 

those  handling  1  ous  freight,  and  then  explains  the  character  of  the  operating  load;  that  is,  whether 

tinuous  and  1  n  or  intermittent  and  of  poor  load-factor,  and  whether  maximum  over- 

pacitj   or  heating  is  the  prime  con  idei  ecting  the  pov  11  it  s  also  of  such 

pertinenl    mattei      ai    generated    power,    purcha  ed    power,     ub  tation   equip 

current  supply,  standard  distribution  potentials,  circuit  layout,  and  proti  Editor. 


Ernest  Pragst 


A  S  our  industrial 
-*"*■  life  and  com- 
merce have  expanded 
there  has  come  with 
it  an  ever  increasing 
demand  for  materials 
and  labor.  Supple- 
menting this  growth 
and  demand,  com- 
petition has  become 
more  and  more  keen. 
It  has  been  a  healthy 
state  of  affairs,  for  it 
means  progress,  lead- 
ing to  economy  and 
efficiency  in  production  and  distribution. 

Perhaps  no  one  important  factor  in  our 
commercial  life  has  received  more  impetus 
or  registered  more  progress  as  a  result  of 
these  economic  causes,  supplemented  by  the 
dire  necessities  of  the  war,  than  the  methods 
of  handling  ocean  freight  at  our  docks. 

Only  until  recent  years  has  it  been  thought 
necessary  that  a  dock  be  anything  more  than 
a  pier  having  sufficient  depth  of  water  along- 
side to  accomrrodate  vessels  visiting  the  port, 
and  railroad  trackage  enough  to  accommodate 
a  few  freight  cars.  In  some  cases  a  permanent 
shelter  was  built  to  protect  goods  from  the 
elements.  Freight  was  handled  between  the 
ship's  hull  and  pier  deck  by  the  ship's 
winches;  beyond  this,  in  a  more  or  less  orderly 
manner  by  hand — -a  rather  tedious,  slow, 
inefficient  and  uneconomical  method. 

As  a  result  of  an  ever  increasing  labor 
cost  and  a  full  realization  of  the  losses  in- 
volved when  vessels  lie  in  port,  plus  an  ener- 
getic competition  between  ports,  no  effort  is 
now  spared  to  reduce  the  time  and  cost  of 
handling  freight  to  a  minimum  consistent 
with  safety.  This  means  a  more  careful  con- 
Mi  1< -ration  to  the  layout  and  location  of  the 
component  parts  of  the  dock  and  the  replace- 
ment of  manual  labor  by  special  machines 
designed  for  handling  freight  economically. 


With  the  introduction  of  freight  handling 
apparatus  there  conn     a  power  requirement 

Energy  must  be  produced  or  purchased  and 
distributed  throughout  the  dock  for  the 
operation  of  the  various  pieces  of  apparatus 
installed.  For  obvious  reasons  this  power  is 
invariably  in  the  form  of  electrical  energy,  its 
form  and  quantity  depending  largely 
upon  the  magnitude  of  the  development  and 
the  class  of  freight  handled. 

Type  of  Docks 

Generally  speaking,  docks  are  divided  into 
two  general  classes;  namely,  those  devoted 
to  the  handling  of  bulk  freight,  and  those 
used  for  miscellaneous  package  freight.  The 
development  and  electrification  of  the  former 
class  of  dock  has  received  considerable  at- 
tention for  a  number  of  years,  while  little 
or  no  progress  has  been  made  in  the  case 
of  the  latter  form  until  within  the  past  few 
years.  The  war  has  thrust  upon  us  a  realiza- 
tion of  the  importance  of  improved  loading 
facilities,  and  has  been  the  direct  cause  and 
incentive  for  the  recent  advancements  made 
in  this  class  of  engineering — -particularly  in 
the  case  of  those  docks  devoted  to  the  han- 
dling of  miscellaneous  package  freight 

Docks  for  Handling  Bulk  Freight 

The  most  representative  types  of  docks 
devoted  to  the  handling  of  bulk  freight  are 
those  specializing  in  the  loading  and  unload- 
ing of  such  bulk  material  as  coal,  ore,  lime- 
stone, grain,  fertilizers  and  oil.  As  a  rule, 
this  class  of  dock  has  but  one  function, 
loading  or  unloading  only  one  kind  of  mate- 
rial; there  is  no  multiplicity  of  conditions 
to  be  provided  for.  In  the  case  of  such 
docks — for  example,  those  handling  freight 
from  cars  to  vessels — perhaps  the  only  im- 
portant variable  to  be  provided  for  is  the 
variation  in  size  and  location  of  hatches  in 
the  vessels  to  be  loaded  and  in  some  cases 
this  is  overcome  by  standardizing  them. 
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As  ducks  i it  t Ins  t\  i le  arc  designed  to  handle 
large  quantities  of  materials  at  a  very  rapid 
rate,  the  power  requirements  are  compara- 
tively great  and  of  a  rather  intermittent 
character.  The  power  load,  as  a  rule,  is  of 
two  distinct  classes,  a  fairly  continuous  base 
load  as  a  result  of  the  input  to  the  contin- 
uously operating  apparatus  — ■  that  appara- 
tus which  is  driven  constantly  and  the  load 
on  which  is  but  little  affected  by  the  material 
handled,  for  example,  the  various  belt  drives 
for  conveying  and  distributing  material 
Superimposed  upon  this  base  load  of  high 
load  factor  is  a  typical  hoist  load  resulting 
from  the  input  to  the  hoist  motors  which 
are  called  upon  to  lift  large  masses  at  high 
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rates  of  acceleration  The  characteristic  of 
the  hoist  loads  usually  predominates,  result- 
ing in  a  rather  jagged  combined  load  curve 
of  low  load  factor.  This  means  that  the 
apparatus  for  the  generation  or  conversion 
of  power  for  the  operation  of  this  class  of 
docks  must  be  selected  more  for  its  ability 
to  carry  momentary  overloads  than  for  its 
heating  or  continuous  rated  capacity.  Of 
course,  as  the  number  of  hoists  are  increased 
the  load  diversity  factor  is  improved,  there- 
by decreasing  the  importance  of  overload 
capacity  and  increasing  that  of  heating  of 
substation  apparatus. 


Docks  for  Handling  Miscellaneous  Package  Freight 

Docks  for  handling  miscellaneous  package 
freight,  as  the  name  implies,  must  be  equipped 
to  handle  all  forms  and  classes  of  freight  which 
is  not  handled  in  hulls.  With  the  exception 
of  a  few  docks  which  have  been  designed  to 
handle  a  limited  class  of  package  freight,  this 
character  of  dock  must  be  equipped  with  a 
type  of  apparatus  winch  readily  lends  itself 
to  the  economic  handling  of  packages  of  the 
most  diversified  character. 

At  docks  of  this  kind  the  power  operated 
equipment  usually  consist-  of 

Cranes 
Winches 

Storage  battery  operated  vehicles 
( '■  inveyors  of  various  types  (both  station- 
ary and  portable) 
Piling  machines 
Fire  pumps 
Elevators. 

To  the  load  imposed  by  this  apparatus 
should  be  added  that  of  an  effective  lighting 
system,  which  in  some  cases  is  augmented 
by  batteries  of  searchlights. 

It  will  be  noted  that  the  greater  part  of  the 
handling  equipment  for  this  class  of  dock  is 
of  a  portable  nature.  This  rather  complicates 
the  electrical  distribution  system,  which 
must  be  so  designed  that  electrical  energy 
m  suitable  quantity  and  form  is  readily  avail- 
able for  the  operation  of  apparatus  at  all 
locations  where  the  particular  requirements  of 
the  time  may  justify  placing  it.  The  ten- 
dency in  docks  of  this  kind  is  to  handle  all 
freight  by  means  of  the  dock  equipment 
instead  of  relying  on  the  ship's  winches  for 
raising  it  as  heretofore. 

As  in  the  case  of  docks  designed  for  han- 
dling bulk  freight,  the  load  is  of  two  charac- 
ters; namely,  a  fairly  constant  one  resulting 
from  the  demand  of  the  battery  charging 
equipment,  conveyors,  lights,  etc.,  super- 
imposed upon  which  is  that  of  the  cranes 
and  winches  which  have  hoist  characteristics. 
However,  there  is  often  installed  a  considera- 
1  ile  number  of  these  cranes  and  winches  which 
are  relatively  low  powered.  In  such  cases 
there  is  considerable  diversity  when  all  of 
the  cranes  and  winches  are  working  to  ca- 
pacity, and  consequently  the  total  load  curve 
is  of  a  more  even  form  and  of  higher  load 
factor  than  that  obtaining  in  the  average 
bulk  freight  handling  dock  employing  a 
less  number  of  more  highly  powered  hoists. 
Due  to  this  greater  diversity  of  load  in  this 
class  of  work    the  generating  and  conversion 
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apparatus  need  no1  have  such  large  mumni- 
tary  overload  capacity  as  in  the  case  of  the 
ponding  apparatus  employed  at  bulk 
freight  docks.  As  the  capacities  of  the 
hoisting  equipments  are  increased  and  their 
number  decreased,  the  overload  capacity 
of  the  ul.  inn.  hi  apparatus  become  i  >! 
greater  importance. 

Power  Generation  and  Substations 

The  question  as  to  whether  power  should 
aerated  or  purchased  is  a  purely  eco- 
nomic one.  Usually  it  is  more  economical 
to  purchase  central  station  power;  however, 
it  is  readily  conceivable  that  in  some  cases 
certain  local  conditions  might  exist  that 
would  make  the  installation  of  a  generating 
station  both  desirable  and  economical. 


removed  from  the  docks  and  warehouses  that 
peration  will  in  no  way  be  interfered 
with  in  the  case  of  fire  at  the  docks  or  ware- 
houses. The  whole  layout  should  be 
as  to  assure  service  to  the  fire  pumps  under 
every  possible  emergency  necessitating  their 
operation. 

Substation  Arrangement 

Assuming  a  case  in  which  power  is  pur- 
chased, there  will  be  required  a  central  receiv- 
ing substation.  This  should  consist  of  a  well 
lighted  and  ventilated  fireproof  structure 
having  its  main  floor  well  above  maximum 
high  water  to  prevent  the  possibility  of 
flooding. 

The  apparatus  installed  here  and  the 
arrangement    of   connections   had   better   be 


Ohio  Railroad  Coal  Loading  Pier,  Curtis  Bay,  Md. 


Such  a  generating  station  presents  no 
particular  difficulties  in  design  or  operation 
and  need  have  no  special  type  of  apparatus 
as  a  result  of  the  class  of  load  served.  It  need 
not  differ  from  those  usually  installed  for 
serving  a  modern  industrial  load.  It  is 
usually  advisable  to  generate  all  power  in 
the  form  of  three-phase,  60-cycle,  alternating 
current  at  a  suitable  potential  (usually  2300 
volts),  depending  upon  the  distance  of  trans- 
mission and  magnitude  of  load,  and  convert 
through  either  motor-generator  sets  or  syn- 
chronous converters  the  energy  for  the  direct 
current  requirements. 

In  those  cases  where  power  is  purchased 
it  is  usually  received  in  the  form  of  alter- 
nating current  at  too  high  a  potential  for  use 
without  transformation,  necessitating  the 
erection  of  a  suitable  substation  for  con- 
trolling and  metering  the  various  circuits. 
for  housing  the  different  transformers  and 
a-c.-d-c.  conversion  apparatus,  etc. 

Whether  power  be  generated  at  the  docks 
or  purchased,  the  power  house  or  substation 
should     be    a    self-contained     structure,     so 


of  as  simple  a  character  as  possible  consistent 
with  the  load  requirements.  Power  will  be 
received  over  one  or  more  circuits.  If  these 
are  overhead  lines,  obviously  protection 
against  lightning  should  be  provided  in  con- 
nect ion  with  each  circuit  where  it  enters 
the  substation.  Each  circuit  should  be 
Ci  ni  rolled  by  an  oil  circuit  breaker,  care  being 
taken  in  its  selection  to  see  that  it  is  of  ample 
rupturing  capacity  to  safely  open  any  short 
circuit  which  it  might  be  called  upon  to 
rupture  (this,  of  course,  also  applies  to  all 
other  circuit  breakers).  These  incoming 
line  circuit  breakers  control  the  power  feei  ling 
into  the  substation's  high  tension  bus  (a 
single  bus  is  usually  sufficient).  The  incom- 
ing power  can  be  determined  by  a  suitable 
watthour  meter  operating  from  current  and 
potential  transformers  placed  in  this  high 
tension  bus  between  the  incoming  lines  and 
circuits  controlling  the  substation  apparatus. 
Often  all  incoming  power  is  stepped  down 
from  the  incoming  potential  through  one  or 
more  banks  of  power  transformers  to  a  com- 
mon   low    tension   bus    (usually  2300   volts} 
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for  distribution  throughout  the  property. 
This  is  particularly  the  case  in  those  installa- 
tions covering  large  areas  where  the  loads 
and  distances  between  the  central  substation 
and  load  centers  are  such  as  to  make  it  ad- 
visable to  install  the  a-c.-d-c.  conversion 
apparatus  and  low  potential  transformers 
near  the  load  centers. 

Certain  low  tension  distributing  poten- 
tials have  now  become  practically  standard, 
namely,  2300  volts,  460  volts,  and  23(1  volts, 
for  a-c.  three-phase  power  circuits;  230  115 
volts,  three-wire  for  lighting;  and  250  275 
volts  for  d-c.  power. 

Where  the  incoming  potential  is  not  high 
and  where  the  distances  between  the  main 
substations  and  load  centers  are  short,  prac- 
tically all  of  the  principal  pieces  of  transfor- 
mation and  conversion  apparatus  are  usually 
placed  in  the  main  substation  and  each  oper- 
ated directly  off  the  high  tension  bus.  For 
example,  in  the  case  of  a  dock  having  these 
characteristics,  handling  miscellaneous  pack- 
age freight,  the  following  classes  of  load  may 
be  expected: 
Cranes ] 

Winches In.       , 

c,  ,    , ,  ,  •  ,         Direct  current 

Storage  battery  vehicles  i 

Elevators J 

Conveyors ) 

Piling  machines I   Au         ,  ■ 

r  •  ,  ?•  >  Alternating  current 

Fire  pumps J 

Assuming  that  central  station  power  is 
purchased  at  11,000  volts:  If  synchronous 
converters  are  used  for  securing  the  direct 
current  for  the  operation  of  cranes,  winches 
and  elevators,  their  corresponding  transform- 
ers may  be  designed  for  operation  from  the 
11,000-volt  bus;  or  if  motor-generator  sets 
are  employed,  it  will  probably  be  desirable, 
due  to  the  cost  of  winding  relatively  small 
motors  for  such  a  potential,  to  include  suf- 
ficient additional  capacity  in  the  step-down 
transformers  used  for  supplying  the  a-c.  load 
to  drive  the  motor-generator  sets.  In  this 
special  case  the  synchronous  converter  in- 
stallation will  work  out  to  be  much  more 
economical.  For  charging  the  batteries  of 
the  storage  battery  vehicles  it  is  customary 
to  employ  motor-generator  sets  and  to  locate 
these  at  a  point  easily  accessible  to  the 
vehicles.  This  is  usually  at  a  point  on  the 
docks.  In  such  cases  a-c.  energy  would  be 
fed  to  the  motors  of  the  battery  charging 
motor-generator  sets  from  the  main  sub- 
stations.     For  meeting   the   requirements  of 


the  alternating  current  load  of  the  larger  a-c. 
motors,  including  those  driving  the  d-c. 
generators  of  the  motor-generator  sets,  there 
is  usually  installed  transformers  stepping 
down  the  potential  of  the  power  from  that 
at  which  it  is  received  to  that  satisfactory 
for  distribution  and  motor  operation,  namely, 
2300  volts,  unless  the  power  requirements 
of  the  docks  are  not  sufficient  to  warrant 
such  a  high  potential,  in  which  case  460  or 
230  volts  is  invariably  employed.  The  bus 
from  which  this  power  is  distributed  is 
usually  known  as  the  main  low  tension  dis- 
tribution bus.  In  those  cases  warranting 
the  employment  of  2300  volts  for  the  main 
distribution  system  it  is  always  necessary 
to  distribute  a-c.  energy  at  a  lower  potential 
(460  or  230  volts)  for  operating  the  motors 
used  for  driving  the  various  small  conveyors 
and  portable  machines.  Energy  in  this  form 
is  readily  made  available  through  the  in- 
stallation of  transformers  operating  from 
either  the  high  tension  or  main  distribution 
bus  in  the  main  substation. 

It  will  be  seen  that  the  character  of  the 
substation  for  any  particular  dock  is  entirely 
dependent  upon  the  particular  conditions 
obtaining  at  that  dock  and  its  form  will  be 
largely  determined  by  the  potential  at  which 
power  is  received,  the  magnitude  of  the  load, 
the  distances  between  the  substation  and 
load  centers,  the  sizes  of  the  installed  motors, 
and  the  ratio  of  d-c.  and  a-c.  power  require- 
ments. 

Apparatus     for     Alternating-current-Direct-current 
Conversion 

In  the  selection  of  apparatus  for  the  pro- 
duction of  d-c.  from  a-c,  the  choice  lies 
between  synchronous  converters  with  their 
corresponding  transformers,  induction  motor- 
driven  motor-generator  sets,  and  synchro- 
nous motor-driven  motor-generator  sets. 
Where  the  size  of  the  set  is  sufficient  to  per- 
mit of  the  economic  use  of  a  synchronous 
motor  as  a  result  of  its  high  power-factor,  the 
choice  usually  narrows  down  between  the 
converter  and  the  synchronous  motor-gen- 
erator set.  Each  has  its  points  of  advantage. 
The  converter  with  transformers  is,  as  a 
rule,  less  expensive  and  has  a  higher  overall 
efficiency  than  the  motor-generator  set.  On 
the  other  hand,  there  is  practically  no  con- 
trol of  the  d-c.  potential,  which  is  a  function 
of  the  a-c.  voltage  supplied  to  the  converter; 
the  d-c.  system  is  tied  in  electrically  with  the 
a-c.  system  and  disturbances  on  the  one  are 
reflected    in    the    other;    and    the    converter 
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is  primarily  a  unity  power-factor  machine 
(with  special  design  features  it  might  be 
arranged  to  operate  at  slight  variations  from 
unity  power  factor).  Although  the  syn- 
chronous motor-generator  sit  might  have 
a  slightly  lower  efficiency  and  be  a  little  more 
expensive  than  the  converter  and  transform- 
:  like  capacity,  there  is  no  electrical 
connection  between  the  a-c.  and  d-c.  ends. 
and  therefore  tin-  operator  has  complete 
control  over  the  d-C.  potential  irrespective 
of  variations  in  a-e.  voltage;  also  the  motor 
may  be  designed  for  any  amount  of  leading 


luce  the  lagging  reactive  kv-a.   of  the 
power  purchased. 

The  momentary  overload  capacity  of  the 
two  types  of  machines  is  about  the  same 
in  machines  of  like  capacity  and  equally 
modern  design. 

Distribution  Circuits 

In  laying  out  the  distribution  system, 
particularly  in  the  ease  of  those  docks  devoted 

to  the  handling  of  miscellaneous  package 
freight,  careful  attention  must  be  given  to 
the    distribution     systems.       After    deciding 


U.  S.  Docks  in  France  for  Handling  Army  Supplii 


power-factor  (usually  85  per  cent),  which  is 
particularly  advantageous  in  correcting  the 
power-factor  of  the  a  C.  system,  as  it  is  lie- 
coming  common  practice  for  power  contracts 
to  specify  a  minimum  lagging  power-factor 
with  a  penalty  in  case  the  power-factor  of 
the  load  falls  below  this  minimum.  As  the 
class  of  service  to  which  a-c.  motors  are  sub- 
jected in  dock  work  is  conducive  to  low  power- 
factor  (motors  operating  under-loaded)  the 
production  of  as  much  leading  reactive  kv-a. 
in  installed  synchronous  motors  as  is  possible 
is  desirable,  and  often  this  amount  is  insuf- 
ficient to  meet  the  requirements  of  certain 
central  station  power  contracts,  thereby 
necessitating  the  installation  of  synchronous 
or  static  condensers  for  no  other  purpose  than 


upon  the  load  centers  and  corresponding 
loads  and  the  location  of  the  generating 
station  or  substation,  we  must  calculate 
the  sizes  of  conductors  and  number  of  cir- 
cuits,  and  determine  the  routing  to  the 
enters.  These  routes  must  be  cal- 
culated both  for  potential  drop  on  the  basis 
of  the  maximum  possible  momentary  demand 
and  for  safety  against  abnormal  heating  as 
a  result  of  the  normal  effective  load. 

As  a  rule  the  feeder  circuits  for  docks 
devoted  to  the  handling  of  bulk  freight  feed 
tixed  loads;  i.e.,  most  of  the  loads  are  in  the 
form  of  motors  permanently  located  or  ar- 
ranged for  motion  within  a  predetermined 
and  limited  area.  The  maximum  load  that 
these   motors  will   be   called   upon   to  carry 
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can  also  be  calculated  fairly  closely.  Hence 
the  feeder  requirements  for  this  class  of 
service  can  be  very  closely  approximated 
and  installed  without  much  fear  of  ever 
being  materially  overloaded. 

In  the  case  of  docks  designed  for  handling 
miscellaneous  package  freight,  where  a  large 
part  of  the  load  is  in  the  form  of  motors 
operating  portable  freight  handling  appa- 
ratus, the  selection  and  location  of  the  dis- 
tribution circuits  feeding  this  class  of  load 
present  added  complications.  Such  feeders 
instead  of  supplying  energy  to  a  definite 
number  of  known  loads  must  feed  a  series 
of  outlets  located  at  convenient  points  from 
which  the  different  classes  of  portable  freight 
handling  apparatus  may  receive  power  at 
will.  A  sufficient  number  of  these  outlets 
of  proper  capacity  must  be  located  throughout 
the  docks  and  warehouses  at  such  places  and 
in  sufficient  numbers  to  permit  of  the  opera- 
tion of  the  maximum  number  of  pieces  of 
apparatus  that  any  possible  condition  will 
warrant.  The  circuit  feeding  any  number 
of  these  outlets  must  be  of  ample  capacity 
to  carry  this  possible  load,  for  experience 
shows  that  when  the  work  of  the  designing 
engineer  and  builder  has  been  completed 
and  the  installation  turned  over  to  the  oper- 
ating force,  whose  duty  it  is  to  handle  ton- 
nage, limitations  and  assumptions  are  usually 
forgotten. 

The  circuits  in  this  class  of  work  must 
receive  more  than  ordinary  mechanical  pro- 
tection. It  is  customary,  as  far  as  possible, 
to  so  place  all  circuits  that  chance  of  mechan- 
ical injury  from  moving  apparatus  or  freight 
is  reduced  to  a  minimum.  It  is  considered, 
perhaps,  the  best  practice  to  place  all  con- 
ductors in  metal  conduit,  preferably  imbedded 
in  the  main  structure;  or,  where  this  is  im- 
practical, the  conduit  should  be  securely 
fastened  to  the  structure  to  prevent  possible 
injury.  Where  the  duct  system  is  imbedded 
in  concrete  it  is  possible  to  employ  fiber  or 
tile  ducts  for  the  larger  sizes,  thereby  effect- 
ing a  considerable  saving  in  cost  and  at  the 
same  time  maintaining  a  high  standard  of 
construction.  Besides  the  mechanical  pro- 
tection afforded  by  placing  all  circuits  in 
ducts  or  conduits,  there  is  obtained  the 
added  safety  to  the  labor  working  in  the 
vicinity  of  the  circuits,  and  protection 
against  fire  resulting  from  an  exposed  arc 
caused  by  a  short  circuit. 

Of  course,  in  the  case  of  the  alternating 
current  circuits,  all  lead  sheathed  circuits 
should  be  in  the  form  of  multi-conductor 
cable;    and    all    circuits    placed    in    conduits 


should  have  all  phases  of  the  same  circuit 
in  the  same  conduit.  This  is  to  eliminate 
the  currents  that  would  be  induced  in  the 
sheath  or  conduit  and  might  cause  undue 
electrical  losses  and  serious  heating. 

Cable  circuits  exposed  to  water  or  a  moist 
salt  atmosphere,  as  for  example  those  located 
in  pier  decks,  should  be  protected  against 
the  effects  of  these  elements  by  a  lead  sheath. 
Feeders  located  in  dry  places  and  exposed 
are  usually  furnished  with  a  flameproof  com- 
pound covering;  and  those  in  conduits  with 
simply  a  double  braid  covering  having  a 
weatherproof  finish. 

For  the  smaller  sizes  of  low  voltage  con- 
ductors rubber  insulation  seems  preferable; 
while  for  the  larger  cables,  either  varnished 
cambric  or  paper  insulation  with  lead  cov- 
ering is  commonly  used. 

It  is  customary  and  highly  advisable  to 
run  all  lighting  and  power  circuits  separately 
to  prevent  variations  in  lamp  brilliancy  as  a 
result  of  voltage  fluctuations  caused  by  load 
changes  on  the  power  system,  to  guard 
against  the  possibility  of  having  the  lighting 
system  out  of  service  as  a  result  of  a  short 
circuit  on  a  power  circuit,  and  to  permit  of 
the  control  of  illumination  throughout  the 
property  without  affecting  the  supply  of 
energy  to  the  power  consuming  apparatus. 

Protection  Against  Overloads  and  Short  Circuits 

As  the  operation  of  the  power  driven 
freight  handling  equipment  is  usually  en- 
trusted to  persons  with  but  little  or  no  know- 
ledge of  electrical  apparatus,  it  is  particularly 
necessary  to  protect  all  apparatus  entrusted 
to  their  care  against  harm  resulting  from 
overload.  The  protection  at  the  motors 
usuallv  consists  of  fuses  for  small  motor, 
and  suitable  overload  and  under-voltage 
relays  for  the  larger  motors  arranged  to 
open  the  circuit  of  the  protected  motor 
through  the  controlling  circuit  breaker  or 
compensator  switch. 

The  feeders  leaving  the  main  substation 
are  usually  fully  protected  automatically, 
but  arranged  to  open  under  short  circuits 
rather  than  overloads,  reliance  being  placed 
on  the  protective  equipment  located  at  the 
motor  to  open  its  corresponding  circuit  in 
the  case  of  an  overload.  When  relays  are 
used  for  the  automatic  control  of  these  cir- 
cuits it  is  possible  to  so  select  them  that  in 
case  of  a  failure  on  any  one  feeder  that  feeder 
will  be  automatically  tripped  by  its  corre- 
sponding control  relay,  thereby  permitting 
service  to  be  maintained  over  all  other 
circuits  without  interruption. 
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The  Warehouse     Its  Place  in  the 
Modern  Community 

By  B.  F.  Cresson,  Jr. 
Consulting  Engineer,  Harbor  Works,  Piers,  Docks,  Warehouses,  etc.,  New  York  (  ii\ 

A  better  understanding  and  appreciation  of  the  value  of  the  warehouse  in  community  development  and  serv- 
ice  will  be  obtained  through  reading  this  article,  for  the  author  is  well  qualified  to  discuss  the  subject.  In  addition 
to  explaining  the  function  of  the  warehouse  and  its  relation  to  the  population  it  serves,  he  treats  of  such 
necessa:  iiions  as  location,  architecture,  and  machinery  equipment.     Particular  attention  is  called 

to  his  remarks  concerning  the  nerd  .if  better  co-ordination  of  shipping  and  storage  facilities. — Editor. 


HP  HE  warehouse  is 
A  in  many  respects 
as  essential  to  the 
great  city  as  is  the 
railroad.  It  consti- 
tutes the  fly  wheel  that 
stores  up  and  then 
releases  energy  vital 
to  the  machinery  that 
makes  possible  the 
concentration  of  great 
populations. 

The  day  to  day 
supply  of  food  prod- 
ucts cannot  be  made 
to  match  the  demands  of  great  cities  without 
the  warehouse  to  make  available  the  seasonal 
variations  in  production  and  to  correct  the 
delays  and  irregularities  in  transportation. 

Cities  cannot  be  self-contained  in  the 
production  of  supplies  for  the  maintenance 
of  their  existence,  and  commodities  must 
be  borne  from  all  parts  of  the  world  to  meet 
the  daily  demands. 

When  our  cities  were  small  it  was  possible 
to  supply  their  daily  demands  for  food  from 
nearby  farming  districts,  the  transportation 
being  effected  by  the  market  wagon,  and  it 
is  only  by  the  development  of  the  railroads 
and  the  warehouses  with  the  accompanying 
facilities  for  preservation  of  food  products 
through  refrigeration  that  it  has  been  possible 
for  our  great  cities  to  come  into  existence. 

The  warehouse  is  essential  not  only  for 
the  maintenance  of  a  continuous  supply  of 
food,  but  it  is  necessary  also  in  the  collection 
and  distribution  of  raw  materials  for  man- 
ufacture in  our  great  centers  and  for  the 
temporary  disposition  of  manufactured  prod- 
ucts created  within  our  industrial  districts 
awaiting  the  demands  of  shipments. 

The  warehouse  is  likewise  an  essentia] 
part  of  our  transportation  systems  and  is 
needed  in  order  that  our  railroad  cars  may 
be  released  from  sen-ice  as  storage  and 
utilized  more  and  more  for  transporting  com- 
modities, and  that  our  ships  may  have  con- 
venient space  where  incoming  cargoes  may 
quickly  be  placed  and  outgoing  cargoes 
assembled  in  order  that  the  shortest  possible 


time  may  be  spent  by  the  ships  at  the  docks, 
where  the  ship  is  earning  nothing. 

It  is  fair  to  say  that  generally  speaking 
there  is  a  lack  in  this  country  at  least  of 
co-ordination  between  the  warehouses  and 
the  ships,  and  in  the  most  modern  planning 
of  shipping  and  rail  terminals  this  condition 
is  being  realized  and  the  value  of  the  ware- 
house as  an  adjunct  to  rail  and  shipping 
facilities  is  being  more  and  more  recognized. 

The  failure  to  construct  the  warehouse 
as  part  of  the  terminal  facilities  has  probably 
been  due  to  the  hesitation  on  the  part  of  the 
railroads  and  of  the  public  authorities — and 
these  are  the  interests  that  have  mostly  con- 
structed our  terminal  facilities — -to  embark 
on  a  business  which  is  not  directly  concerned 
in  transportation.  The  railroads  have  pro- 
vided  means  of  receiving  and  despatching 
goods  along  their  lines,  and  public  authori- 
ties have  constructed  docks  and  piers  where 
ships  may  be  loaded  and  mloaded;  but 
there  has  not  been  the  disposition  on  the 
part  of  either  to  provide  facilities  for  conduct- 
ing warehousing.  This  has  been  developed 
largely  as  a  separate  line  of  business,  not 
properly  coming  within  the  scope  of  the 
railroad  or  of  public  docking  facilities.  Many 
of  our  delays  to  railroad  cars  and  to  ships 
at  terminal  points  may  be  said  to  be  due  to 
the  lack  of  supporting  warehouses  as  a  part 
of  railroad  or  shipping  terminals. 

Certain  private  terminal  operators  have 
appreciated  the  necessity  for  storage  in  addi- 
tion to  rail  and  shipping  facilities  and  in  the 
construction  of  their  terminals  have  taken 
the  broader  view;  the  result  has  been  that 
eci  ini  >mies  have  been  effected  in  transportation 
through  private  terminals,  which  has  generally 
ii  en  possible  through  either  the  terminals 
constructed  by  the  railroads  or  the  terminals 
constructed  by  the  municipalities. 

New  York  has  at  least  two  examples  of 
the  co-ordination  of  shipping  and  storage 
facilities  in  the  plants  of  the  Hush  Terminal 
Company  and  of  the  New  York  Dock  Com- 
pany, and  there  are  other  private  terminal 
companies  at  various  ports  on  the  Atlantic 
;ui<l  Pacific,  which  have  appreciated  the 
situation    and    have    built    plants    in    which 
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the  warehouse  has  been  an  integral  part. 
The  authorities  in  some  of  our  Pacific  ports, 
appreciating  the  value  of  supporting  storage 
at  the  water  front,  contemplate  in  their 
plans  the  provision  of  storage  in  order  to 
relieve  the  transit  sheds  at  the  shipside 
from  the  necessity  of  acting  as  warehouses, 
and  this  is  unquestionably  the  correct  prin- 
ciple in  modern  port  design. 

When  this  country  entered  into  the  great 
war  it  realized  the  necessity  of  providing  the 
most  rapid  means  of  getting  s  lpplies  aboard 
ships  for  the  Expeditionary  Force  abroad, 
and  in  the  Army  supply  bases  constructed  at 
Boston,  New  York,  Philadelphia,  Norfolk, 
Charleston  and  New  Orleans,  adequate  ware- 
housing and  storage  space  was  built  as  part 
of  the  shipping  facilities.  While  the  full  use 
of  these  army  bases  may  not  now  be  justified 
in  commercial  practice,  the  time  will  come 
when  these  bases,  constructed  principally  to 
expedite  the  shipment  of  supplies  for  the 
army,  will  be  efficiently  and  actively  used, 
and  the  value  of  the  storage  in  connection 
with  the  wharfage  will  be  appreciated. 

Taking  the  matter  of  warehousing  in  its 
broader  aspect,  not  necessarily  as  a  part  of 
the  transportation  systems  of  our  great 
cities,  the  great  demand  for  space  has  created 
high  rates  and  has  led  private  warehousemen 
to  construct  new  buildings  or  make  over 
old  ones,  not  so  much  with  a  view  to  con- 
venience to  transportation  facilities  as  to 
convenience  to  particular  business  centers, 
relying  largely  upon  the  truck,  cither  horse 
or  motor,  for  transportation  to  and  from 
the  warehouse.  Space  was  needed,  and  with 
the  demand  that  existed  and  now  exists,  the 
warehouseman  could  rent  his  space  on 
favorable  terms,  not  being  greatly  concerned 
with  the  expense  of  bringing  commodities 
to  or  taking  them  away  from  the  warehouse. 
In  the  long  run  the  public  pays  that  addi- 
tional cost  of  transportation  and  the  ware- 
house that  is  most  conveniently  located  with 
respect  to  transportation  facilities  will  be 
the  warehouse  that  will  be  of  the  greatest 
value  to  the  community. 

Owing  largely  to  the  great  demand  for 
warehouses,  they  have  been  scattered 
throughout  our  communities  and  it  is  inter- 
esting to  note  that  in  the  port  of  New  York, 
which  embraces  the  entire  Metropolitan 
District  of  New  York  City  as  well  as 
many  of  the  New  Jersey  communities,  where 
85  per  cent  of  the  railroad  business,  exclusive 
of  coal,  reaches  and  leaves  the  port  on  the 
New  Jersey  side,  about  SO  per  cent  of  the 
warehouses  are  on  the  New  York  side  of 
the    port,    dependent    for    their    connection 


to  the   New  Jersey   railroads    on  a  floatage 
service  as  well  as  drayage. 

It  is  nut  intended  i<>  convey  the  idea  that 
all  warehouses  must  be  at  the  water  front  or 
adjoining  the  terminal  yards  of  the  railroads. 
Certain  warehouses  for  domestic  furniture, 
for  certain  high-class  manufactured  products, 
and  the  raw  material  needed  for  them,  are 
better  located  near  the  center  of  the  popula- 
tion and  industry;  but  the  point  that  the 
writer  wishes  to  make  is  that  warehousing 
should  be  provided  at  the  terminals  of  the 
railroads  and  ships  as  a  necessary  adjunct 
to  railroad  and  shipping  business. 

The  design  of  the  warehouse  should  be 
a  matter  of  great  concern;  the  owner  should 
not  be  content  with  merely  so  many  square 
feet  available  for  storage,  but  he  should  be 
sure  that  he  has  the  proper  floor  load  capacity, 
the  proper  clear  height  between  floor  and 
ceiling,  the  proper  elevators  and  other 
mechanical  equipment  for  raising  and  lower- 
ing between  floors,  and  the  best  and  most 
convenient  access  to  the  doors  of  railroad  , 
cars,  the  tailboards  of  the  trucks  and  the 
transit  shed  alongside  the  ship,  as  well 
as  the  most  efficient  fire  protection. 

The  matter  of  machinery  at  the  terminal 
warehouses  is  of  great  importance  and  special 
consideration  should  be  given  in  the  design 
to  the  location  of  elevators,  their  size,  capacity 
and  speed,  in  order  that  maximum  economic 
loads  may  be  handled  within  a  minimum  of 
time  and  that  the  movement  between  the 
elevator  and  the  storage  pile  may  be  as 
short  as  possible.  The  warehouse  should  be 
designed  and  laid  out  with  the  operating 
plan  clearly  in  view;  the  space  that  may 
be  considered  available  for  storage;  the 
space  that  must  be  reserved  for  aisles  and 
for  the  operation  of  the  elevators;  whether 
the  location  and  size  of  the  plant  will  warrant 
operation  by  tractors  and  trailers  or  by 
load-carrying  trucks,  or  by  other  means  as 
conveyors,  moving  platforms,  telphers  or 
any  other  mechanical  device  or  combination 
of  "devices.  In  certain  operations  exterior 
hoists,  commonly  known  as  "whip  hoists," 
may  be  found  of  great  use,  and  where  the 
character  of  the  commodity  and  the  length 
of  storage  warrants,  tiering  machinery  would 
constitute  a  necessary  part  of  the  equipment. 
Modern  machinery  plays  as  important  a  part 
in  the  operation  of  a  well-designed  warehouse 
as  in  any  other  part  of  the  terminal  plant. 

Proper  warehousing  facilities  are  of  the 
utmost  value  to  the  railroads,  to  the  shipS, 
and  to  the  people  at  large,  and  the  apprecia- 
tion of  this  fact  will  do  much  to  advance  the 
modern  science  of  transportation. 
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Warehouses 


By  J.  J.  Matson 

Power  and  Mining  Engineering  Department,  General  Electric  Company 

Although  warehouses  are  of  ancient  origin  their  development  lias  been  sadly  neglected  when  com] 
with  that  of  the  common  carriers  they  serve.     This  condition  has  undoubtedly  resulted  from  a  failure  of  the 
general  public  to  realize  that  the  warehouse  methods  used  are  inefficient  and  responsible  for  unnecessarily  high 
The  subject  is  now  hov  ing  intelligent  attention.  i  ffort  is 

producing  the  long  needed  results.     Mr.  Matson  outlines  below  the  fundamental  principles  that  should  be 
observed  in  the  layout  and  construction  of  v.  of  freight  handling 

equipment  that  promote  th  operation. — EDITOR. 


T^ROM      accepted 
-*-     practice,  the  word 
"  terminal "  when  used 
in     regard    to    traffic 
means  the  end  of  one 
common  carrier.    This 
is.  in    reality,  a    mis- 
nomer, for  a  terminal 
may  also  be  a  junction 
•  or  place   of    changing 
^from  one  common  car- 
rier to  another  or  from 
a   common  earner    to 
t  t  iwr  f  ~„  trucking    systems   for 

J.  J.  Matson  o         J 

ultimate    distribution. 

It  can  readily  be  understood  that  incoming 
and  outgoing  traffic  at  a  terminal  will  vary 
considerably,  and  suitable  provisions  must 
be  made  for  storing  the  excess  tonnage 
received  until  suitable  provisions  can  be 
made  for  reshipping  or  distribution.  This, 
then,  makes  it  desirable  thai  every  terminal, 
regardless  of  size,  should  have  a  suitable 
warehouse  for  taking  care  of  this  overflow. 

Consider  an  example  of  what  ensues  at 
terminals  where  sufficient  warehouse  capacity 
is  no1  available:  A  shipment  arrives  which 
involves  the  transference  of  the  freight  from 
railroad  cats  to  boats;  no  warehouse  space  is 
available  and  the  brats  for  receiving  the 
freight  are-  no1  docked.  The  railway  cars 
themselves  are  then  used  for  storage  space 
and  this  not  only  ties  up  yard  trackage  but 
also  removes  from  active  circulation  that 
number  of  railway  cars.  Xot  only  is  a  loss 
sustained  by  the  railway  company  due  to 
idle  equipment,  but  also  by  the  shipper  due  to 
demurrage.  Needless  to  say.  both  of  these 
expenses  are  ultimately  paid  by  the  consumer 
as  both  enter  int  o  of  the  material  as 

paid  by  the  retailer 

This  was  a  very  common  occurrence 
during  the  early  i  'art  i  if  t  he  war  and  continued 
until  the  large  arm\'  bases  and  terminals  were 
built.  They  lessened  this  congestion  to  a 
great  extent  but  were  inadequate  to  entirely 
do  away  with  congestion. 


It  lias  been  estimated  by  Mr.  A.  11.  Smith, 
president  of  the  New  York  Central  Railroad, 
thai  the  cost  of  distributing  foodstuffs  to  the 
people  ''I  New  York  City  alone  is  increased 
by  $200,000  a  day  on  account  of  inadequate 
warehouse  capacity  and  railroarl  facilities. 
To  a  family  of  five,  this  means  an  additional 
expense  of  approximately  40  cents  a  dav  or 
$146  a  year,  assuming'  that  tin-  $200,000 
wasted  through  inadequate  equipment  will 
ubled  by  the  middlemen's  profits, 
alizing  the  $200,000  a  day  at  0  per 
cent  we  find  this  waste  to  be  the  interest  on 
si, 2(iu.(iU(i.( )( hi.  This  is  a  large  amount  of 
money  and  it  is  very  evident  that  from  three 
to  five  hundred  million  dollars  could  be 
economically  expended  to  increase  ware- 
house capacity  and  railroad  facilities  for  the 
entire  city  of  New  York.  Needless  to  say, 
this  amount  of  money  would  accomplish 
wonders.  What  has  just  been  pointed  out 
concerning  New  York  is  equally  true  of  all 
other  large  cities  and  is  also  true  in  a  smaller 
way  of  practically  all  terminal  and  warehous- 
ing undertakings. 

Warehouses  have  been  used  since  the  dawn 
..f  civilization.  In  fact,  it  might,  be  said  that 
from  the  moment  man  stopped  a  day-to-day 
existence  and  began  to  prepare  in  advance 
for  his  daily  needs,  we  have  had  warehouses. 
Many  examples  of  warehouses  are  given  in 
the  Bible  as  noted  from  the  frequent  rcfer- 
made  to  the  large  granaries  that 
Joseph  used  for  the  storing  of  his  grain  in  the 
seven  years  of  plenty  for  use  in  the  seven 
years  of  famine.  Also,  we  read  about  the  large 
store  houses  of  the  Persian  kings,  of  Assyria, 
Arabia,  India  and  even  China.  These 
principally  used  for  the  storing  of  silks,  grains. 
wines,  spices,  etc.,  as  they  were  the  com- 
modities most  commonly  dealt  in  during  those' 
periods.  From  this  origin,  the  practice  of 
storing  in  warehouses  can  easily  be  traced 
down  through  the  middle  ages  and  at  present 
there  are  standing  in  Europe  many  artistic 
examples  i  if  warehouses  which  were  built 
in  the  middle  ages. 
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From  these  statements,  it  develops  that 
t  lie  warehouse  is  a  building  or  group  of  build- 
ings used  for  the  periodic  receipt  and  gradual 
distribution  of  commodities  to  the  ultimate' 
consumer.  A  general  classification  of  ware- 
houses is: 

Merchandise 

Household  goods  and  furniture 
Implement  storage  and  transfer 
Cold  storage 

Port  and  railroad  terminals 
Special  warehouses  which  are  combinations 
of  the  above  general  types. 

Each  of  these  types  has  man)-  details  of 
construction  to  be  investigated.  Great  care 
should,  therefore,  be  exercised  in  laying  out 
and  erecting  warehouses,  always  bearing  in 
mind  that  unless  efficiently  designed,  the 
warehouse  will  sooner  or  later  be  a  liability 
rather  than  an  asset.  This  is  due  to  its  certain 
future  competition  with  warehousing  enter- 
prises which  have  been  carefully  designed  after 
taking  into  account  all  existing  conditions. 

The  length  of  time  goods  are  in  a  ware- 
house will  vary  with  the  type  of  freight.  For 
example,  rapidly  moving  articles  such  as 
foods  stay  on  the  average  of  about  15  days, 
while  ceramics,  hardware,  etc.,  are  on  the 
average  in  the  warehouse  approximately  (in 
days.  These  figures  are  based  on  wareln  ruse 
situated  at  terminals.  On  merchandise  and 
household  goods  it  is  very  hard  to  obtain  an 
average  time  in  storage.  This  is  due  to  the 
extremely  varied  field  that  these  types  of 
warehouses  handle.  As  to  the  cold  storage 
warehouses,  it  has  been  brought  out  in 
investigations  made  by  Congressional  Investi- 
gating Committees  and  from  other  informa- 
tion as  given  out  from  time  to  time,  thai 
materials  are  kept  in  cold  storage  for  great 
lengths  of  time.  There  is  a  strong  movement 
at  present  under  way  to  reduce  the  allow- 
able storage  time  of  this  type  of  material. 

A  ship's  cargo  is  frequently  made  up  of  all 
the  different  types  of  freight,  and  it  is  gathered 
from  all  directions.  It  is  therefore  evident 
that  a  warehouse  for  handling  freight  which 
is  ultimately  to  be  loaded  on  boats,  should  In- 
located  near  the  boat  slips  in  order  to  reduce 
handling  costs,  as  practically  90  per  cent  of 
export  trade  lies  over  in  warehouses  at  point 
of  embarkation. 

Many  people  who  have  made  a  study  of 
freight  handling  conditions  point  out  that 
it  costs  as  much  and  sometimes  more  to 
handle  a  ton  of  freight  through  a  terminal  as 
to  ship  it  between  terminals.     This  handling 


includes  the  breaking  up  of  a  cargo,  removing 
to  the  warehouse,  reclaiming  from  the  ware- 
house and  again  reloading  on  a  common 
carrier  or  trucking  system  for  further  dis- 
tribution. In  case  of  short  hauls,  such  as 
between  Philadelphia  and  New  York,  the 
terminal  charges  will  lie  from  in  to  15  times 
the  haulage  charges. 

Bearing  this  fact  in  mind,  together  with  the 
fact  that  the  costs  of  all  inefficiency  at  ter- 
minals must  be  borne  by  the  ultimate  con- 
smner,  it  is  obvious  that  considerable  time, 
thought  and  energy  should  be  devoted  to  the 
layout  and  operation  of  any  warehousing 
undertaking. 

The  first  thing  to  be  considered  is  the 
selection  of  a  proper  site.  A  site  should  be 
selected  that  is  easy  of  accessibility  and  is  of 
such  size  and  location  that  the  buildings  can 
readily  be  expanded.  Bearing  in  mind  the 
first  two  items,  a  thorough  study  should  be 
made  of  the  district  to  be  served  and  methods 
determined  on  for  obtaining  the  business  from 
this  district.  The  buildings  themselves  should 
then  be  designed  for  a  gradual  increase  in 
business,  but  in  order  to  keep  the  overhead 
ex]  lenses  down,  they  should  not  be  erected 
too  far  in  advance  of  this  increase  in  business. 

In  order  to  permit  of  easy  and  uniform 
expansion,  it  is  suggested  that  the  unit  plan 
of  building  be  adopted.  The  unit  plan  is  to 
have  similar  buildings  erected,  each  being  of 
a  convenient  and  compact  size.  An  example 
'  if  this  type  of  building  is  the  Bush  terminal  in 
Brooklyn.  Here  each  warehouse  consists  of  a 
building  built  in  the  form  of  a  "  U."  Between 
the  two  wings  there  are  railroad  tracks 
sufficient  to  accommodate  2li  railroad  cars. 
Each  car  can  be  unloaded  or  loaded  from  a 
platform  at  either  wing.  When  expansion  is 
required,  another  building  of  this  same  layout 
and  construction  is  erected. 

A  fine  architectural  building  is  not  required 
nor  is  it  suitable;  substantial,  businesslike 
buildings  are  much  better  and  can  be  built 
at  a  much  lower  cost  than  can  elaborately 
designed  structures.  This  reduces  first  cost, 
which  in  turn  reduces  overhead  charges  and 
ultimately  service  charges. 

In  order  to  efficiently  handle  materials 
within  the  warehouse  much  tin  lUght  should  be 
given  to  the  internal  arrangement.  This 
refers  to  the  laying  out  of  aisles,  the  proper 
location  of  elevators,  the  planning  of  light- 
ing, and  the  desirability  of  installing  mechani- 
cally operated  handling  apparatus. 

The  problem  of  lighting  in  the  warehouse 
is    one    that    must    be    given    considerable 
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thoughl  in  order  to  intelligently  plan  for  the 
utilization  of  the  variou  he  building. 

Well  lighted  aisles  sin  mid  be  provided  in 
order  to  prevent  accidents  which  not  only 
jeopardize  the  operator's  safety  but  also  the 
.rial  being  handled.  Also, 
sufficient  light  should  be  provided  for  con- 
veniently working  the  different  piles.  Thus 
the  arrangemenl  of  windows  will  depend  on 
11  of  aisles  and  storage  space.  Large 
windows  at  the  ends  of  aisles  are  usually 
desiraMe 

In  the  design  of  a  warehouse,  special 
attention  should  also  be  given  to  the  fire 
underwriters'  rules  which  deal  with  ware- 
houses, primarily  keeping  in  mind  the  fact 
that  the  building  materials  used,  the  type  of 
material  being  stored,  the  number  of  floors 
in  the  building,  and  the  ratio  of  fire  walls  to 
floor  space  play  an  important  part  in  deter- 
mining the  insurance  rates.  The  fire  insur- 
ance underwriters  arc  glad  to  co-operate  with 
the  warehouse  men  in  planning  buildings  to 
best  meet  the  fire  underwriters'  code,  and 
those  who  are  interested  in  warehousing  should 
avail  themselves  of  this  opportunity,  thor- 
oughly discussing  with  their  insurance  agents 
the  best  way  to  reduce  insurance  rates.  In 
general,  the  installation  of  adequate  sprin- 
kling systems,  and  the  use  of  as  many  fire 
walls  as  is  practical,  when  considering  space 
economy,  will  reduce  insurance  rates.  Also  it 
is  advisable  to  isolate  various  classes  of 
materials  as  much  as  possible.  For  example, 
inflammable  materials  should  not  be  stored 
together  with  furniture  or  other  similar 
material. 

Another  important  feature  is  the  height  of 
ceilings.  This  will  vary  considerably  with 
the  types  of  material  to  be  handled  and  the 
manner  of  handling.  For  example,  if  manual 
labor  is  to  be  used  for  the  tiering,  the 
ceilings  should  be  lower  than  when  mechani- 
cal methods  are  employed.  This  is  on  account 
of  the  decreased  efficiency  of  a  man  as  he  tiers 
to  any  great  height,  it  being  recognized  that 
when  lifting  packages  of  100  lb.  the  limit  is 
about  5  ft.  and  thus,  to  pile  very  high  requires 
many  men.  With  tiering  machines,  the 
height  to  which  materials  can  be  automati- 
cally piled  is  much  greater.  Of  course,  two 
men  are  usually  required  to  handle  goods  at 
the  top  of  the  pile.  But  as  the  pile  grows 
additional  men  are  not  required,  as  the 
machine  is  adjustable  and  can  deliver  goods 
at  any  desired  height  within  reason.  If 
materials  are  to  be  handled,  which  on  account 
of  bulk  or  weight   should  not  lie  tiered,  the 


ceilings  should  be  low  to  prevent  wasted  space 
between  material  and  the  ceilings. 

In  designing  a  warehouse,  provision  should 
be  made  to  pri  vid  i  >r  materials 

thai  are  to  be  in  storage  an  unusually  long 
time.  Unless  this  is  done,  congestion  and 
confusion  will  result  due  to  the  more  rapidly 
moving  material  being  blocked  by  that 
which  is  to  be  in  storage  for  some  time. 

The  discussion  of  suitable  apparatus  for 
handling  freight  at  warehouses  will  be  limited 
to  1  lie  movement  of  material  within  the  build- 
ings. 

It  has  always  been  recognized  that  to  move 
material  on  wheels  is  much  easier  than  to 
slide  or  carry  it.  For  this  reason  hand  trucks 
have  been  used  for  a  long  time  in  transporting 
materials  and  experience  has  shown  that  even 
with  the  advent  of  the  tractor  and  trailer  the 
hand  truck  is,  in  most  cases,  economical  for 
very  short  hauls,  up  to  150  ft.,  and  when 
handling  packages  of  less  than  250  lb. 

The  introduction  of  the  tractor  and  trailers 
(which  is  being  used  in  increasing  number 
all  the  time)  has  reduced  handling  costs 
a  great  deal,  as  all  material  is  kept  on  wheels 
as  much  as  possible.  It  is  important  to  so 
utilize  a  tractor  as  to  prevent  idle  moments 
waiting  for  a  load  of  trailers. 

Power  for  tractors  is  furnished  from  a 
storage  battery  which  usually  has  sufficient 
capacity  to  permit  of  12  hours  steady  opera- 
tion. The  batteries  are  then  recharged  at 
the  charging  station,  which  is  a  part  of  the 
warehouse  equipment,  and  in  case  severe  duty 
is  required  it  is  common  practice  to  give  a 
short  charge  to  the  batteries  during  noon 
hour.  Any  of  the  recognized  makes  of  bat- 
teries will  be  supplied  by  the  tractor  manu- 
facturers. 

Investigations  have  shown  that  much 
confusion  is  avoided  and  efficiency  therefore 
increased  by  having  certain  definite  routes 
of  travel  for  tractor  and  trailer  trains.  This 
has  been  minutely  worked  out  in  such  under- 
takings as  the  Brooklyn  and  Boston  army 
bases,  where  one-way  traffic  is  enforced  for  all 
tractor  and  trailer  trains.  In  order  to  accom- 
plish this,  each  trailer  when  loaded  is  manually 
moved  the  few  feet  necessary  to  bring  it 
adjacent  to  the  line  of  travel  of  the  tractor. 
Each  tractor  is  equipped  with  a  crew  of  two 
men.  one  acting  as  operator  for  driving  and 
the  other  corresponding  to  the  brakeman  on 
a  railroad,  it  being  his  duty  to  hook  on  and 
drop  off  individual  trailers  at  the  desired 
ions.  It  has  been  found  practical  to 
hook  on  trailers  having  a  capacity  of  approxi- 
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mately  2000  lb.  to  trains  moving  at  the  rate 
of  3  or  4  miles  per  hour.  It  is  also  possible 
to  disconnect  the  trailers  under  similar  con- 
ditions. With  this  method  of  operation,  one 
tractor  replaces  many  men  with  hand  trucks. 
This  is  due  to  the  greatly  increased  tonnage 
per  hour  per  man  when  using  tractors  and 
trailers  as  compared  with  hand  trucking. 
Trains  of  7  to  8  trailers  are  usually  found 
most  economical,  but  there  are  installations 
where  20  to  30  trailers  are  handled  by  one 
tractor  and  done  so  economically.  This, 
however,    is   the   exception. 

In  reaching  a  decision  as  to  the  number 
of  tractors  necessary,  we  should  bear  in 
mind  the  relative  merits  of  installing  tractors 
on  each  floor  and  the  practice  of  running 
the  tractors  onto  the  elevator  and  moving 
them  to  the  required  floor  for  the  distribution 
of  trains.  It  is  evident  that  many  questions, 
such  as  those  of  first  cost  and  percentage  of 
time  the  tractors  are  operating,  will  in  a 
large  degree  enter  into  this  decision.  The 
installation  of  tractors  on  each  floor  permits 
more  efficient  use  of  the  elevators. 

The  trailers  hauled  by  the  tractor  are  four- 
wheel  trucks  usually  having  a  capacity  of 
about  2000  lb.  and  average  platform  of  about 
3  ft.  wide  by  6  ft.  long.  Practice  shows  that 
it  saves  confusion  and  increases  efficiency  to 
have  only  one  consignment  per  trailer.  In 
case  of  larger  consignments  more  than  one 
trailer  may  be  used  but  for  the  sake  of  effi- 
ciency never  should  one  trailer  be  used  for 
two  or  more  consignments.  Many  ware- 
house companies  find  it  advantageous  to 
carry  a  large  reserve  of  trailers  so  that  the 
material  can  as  far  as  possible  be  kept  on 
wheels  from  time  of  receipt  until  time  of 
dispatch.  This,  of  course,  primarily  refers 
to  materials  that  are  not  to  remain  in  storage 
for  a  long  period  of  time. 

Another  type  of  apparatus  that  is  widely 
used  in  warehouses  is  the  industrial  truck. 
It  has  a  capacity  of  from  2  to  4  tons  and,  as  in 
the  case  of  the  tractor,  derives  its  power 
from  storage  batteries.  It  is  sometimes 
equipped  with  a  small  hand  operated  crane 
for  lifting  heavy  loads  thereby  increasing  its 
scope  of  application. 

There  are  two  distinct  types  of  industrial 
trucks,  one  having  a  stationary  platform  and 
the  other  an  elevating  platform.  Trucks  of 
this  first  type  are  loaded  either  manually  <>r 
by  cranes;  those  of  the  platform  type  are 
rolled  under  a  skidboard  on  which  the  load 
is  piled,  raised,  and  carried  to  the  desired  place. 
The  load  is  deposited  by  lowering  the  plat- 


form. The  platform  is  usually  raised  and 
lowered  by  a  foot  treadle.  Some  hand  trucks 
arc  built  on  the  same  principle. 

In  all  warehouses  some  heavy  loads  will 
have  to  be  lifted,  the  actual  size  and  fre- 
quency of  which  will  vary  greatly.  In  order 
to  facilitate  this  lifting,  it  is  necessary  to  have 
some  type  of  crane.  Three  types  are  in 
general  use,  viz.,  the  storage  batterv  crane 


Fig.  1.      An  Interior  View  of  Building  "B,"  Army  Supply  Base 
Brooklyn,  N.  Y. 

which  is  portable  and  can  be  taken  to  any 
part  of  the  building;  the  overhead  traveling 
crane,  and  the  jib  crane  which  is  mounted 
on  the  wall  or  on  pillars  throughout  the 
warehouse.  The  storage  battery  crane  has 
the  advantage  of  portability  but  has  the 
disadvantages  of  taking  up  floor  space  and  of 
not  handling  as  heavy  loads  as  do  overhead 
traveling  cranes.  The  overhead  traveling 
crane  has  the  advantage  of  being  off  the  floor 
but  also  has  two  disadvantages;  first,  pro- 
vision must  be  made  at  the  time  of  erecting 
the  building  for  a  suitable  structure  to  with- 
stand the  heavy  strains  ensuing  from  the  large 
crane ;  second,  the  overhead  traveling  crane  is 
limited  in  service  to  the  area  included  within 
its  runways.  The  third  type  is  stationary  and 
thus  serves  a  much  less  floor  area  than  either 
of  the  other  types. 

The  Brooklyn  army  base  has  installed 
several  overhead  traveling  cranes  for  handling 
heavy  articles  of  war  destined  to  go  through 
this  terminal. 
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Fig.  1  shows  the  interior  of  one  wing  of  the 
warehouse  al  the  Brooklyn  army  base. 
Skylights  are  used  to  permit  the  use  of 
enclosed  railroad  tracks  together  with  natural 
daylight.  The  5-ton  overhead  traveling  - 
shown    in    the    upper    foreground    ha 


materials  between  the  platforms  on  either 
side  of  the  tracks  and  the  cantilever  re- 
enforced  concrete  receiving  bins,  which  open 
into  passage-ways  through  the  upper  storage 
floors.  These  bins  are  staggered  to  permit 
free  handling  to  all  floors. 

Experience  has  taught  that  considerable 
time  and  expense  may  be  saved  in  handling 
a  uniform  cargo  to  and  from  steamers,  if  it  is 
systematically  piled  on  and  securely  fastened 
to  cinchboards,  the  w^hole  being  kept  intact 
through  its  transportation.  This  makes  a 
convenient  package  for  handling  not  only  to 
and  from  the  ship  but  also  in  the  warehouse. 

There  are  two  types  of  tiering  machines  in 
general  use  about  warehouses.  One  of  these  is 
the  portable  inclined  elevator  which  consists 
of  a  movable  belt  or  wood  slab  platform 
equipped  with  suitable  flights  or  anchorages 
for  preventing  the  material  slipping  back. 
Packages  are  delivered  to  men  at  the  top 
of  the  pile  and  the  final  stacking  is  done 
manually.  The  height  of  tiering  is  adjustable 
over  considerable  range.  The  second  is  of  the 
vertical  type  and  has  a  maximum  lift  of 
about  12  ft.  This  type  may  be  mounti 
a  revolving  platform  and  is  either  manually 
or  electrically  operated. 

Gravity  conveyors  either  of  the  portable 
or  stationary  type  are  also  useful  in  handling 
uniform  materials.  The  portable  type  is 
most  extensively  used       A  portable  power- 


driven  conveyor  is  adapted  for  handling 
unifi  >rm  material  such  as  bags  of  coffee,  beans. 
sugar,  etc.,  and  boxed  goods.  It  has  a 
capacity  of  about  one  ton  per  minute  and 
is  usually  made  up  in  small  lengths,  each 
having  its  own  source  of  power,  thus  making 
'  Dsii  'it  of  the  system.  1 1  i 
difficull  to  use  a  conveyor  such  as  that 
just  described  in  conjunction  with  an  inclined 
elevator  for  the  handling  of  miscellaneous 
cargoes  because  of  the  wide  variation 
in  weights  and  dimensions  of  pad 
handled.  Both  steel  and  wood  rollers  are 
used  with  gravity  conveyors,  each  having 
i heir  place.  The  wood  rollers  are  best  where 
dry  materials  are  being  used,  but  if  subjei  ted 
to  damp  conditions  they  will  warp  and  swell. 
The  steel  rollers  are  easier  replaced  but  in 
case  of  damage  they  cannot  be  repair©  1 .  St  eel 
rollers  usually  become  bent  when  damaged 
while  wood  rollers  either  chip  or  wear  oval 
due  to  the  grain  of  the  wood.  When  they 
become  oval  they  are  useless,  but  chipping 
does  not  prevent  further  use. 

Overhead  monorail  or  telpherage  systems 
are  capable  of  installation  in  most  warehouses 
and  in  most  cases  show  a  very  economical 
operation.  They  have  a  capacity  up  to 
about  10  tons  and  a  maximum  speed  of  about 
50  ft.  per  minute.  The  simplest  installation 
consists  of  one  single  monorail,  but  this  has 
the  disadvantage  of  serving  only  the  terri- 
tory   directly    under    it.      There    has    been 
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Fig.  3.     Shells    as  Piled  at    the    Closing   of  the  War,  Showing 

Decreased  Floor  Space  Required  Due  to  an  Extensive 

Use  of  Dunnage 

loped,  however,  an  adjustable  loop  for 
use  with  a  monorail  system.  This  consists  of 
two  traveling  bridges,  each  equipped  with 
monorail  track  which  feathers  into  the  main 
line  track.  The  bridges  are  at  right  angles 
to  the  main  track  and  can  be  spaced  practi- 
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cally  any  distance  apart  up  to  the  length  of 
the  building.  This  greatly  increases  the 
flexibility  and  area  served. 

The  best  examples  of  warehouses  properly 
laid  out  for  utilizing  mechanical  handling 
apparatus  are  the  Boston  and  Brooklyn 
army  bases.  Both  were  designed  and  pu1 
into  operation  by  exceptionally  capable  men 
who  spent  much  time  and  study  in  the 
proper  co-ordination  of  elevators,  tractor  and 
trailers,  conveyors,  tiering  machines,  etc.. 
which  are  extensively  used  in  both  enter- 
prises. 

The  changeover  at  army  bases  from  war 
to  peace  conditions  has  been  partially  com- 


<i mill  not,  however,  look  into  the  future  in 
this  way,  its  one  aim  being  to  speed  up 
material  handling  as  much  as  possible.  This 
has  resulted  in  excess  apparatus  on  return 
to  a  peace  basis. 

One  of  the  most  important  points  to  con- 
sider in  a  warehouse  is  the  elevator  instal- 
lation. Many  questions  enter  into  the 
design,  such  as  speed,  capacity  and  location. 
It  is  more  economical  to  install  elevators  in 
groups  or  banks  at  certain  definite  intervals 
than  to  uniformly  distribute  them  throughout 
tlu-  building.  Grouping  reduces  the  time 
wasted  by  a  man  going  to  one  elevator,  find- 
ing  it    in   operation,    and    having  to  go  to 


;  Dunnage  in  Piling  Ca 
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pleted,  and  it  is  noticeable  that  some  of  the 
mechanical  handling  apparatus  is  not  being 
utilized  under  peace  conditions.  This  is  due 
first,  to  the  fact  that  the  amount  of  material 
now  passing  through  warehouses  is  much 
smaller,  and  second,  to  the  fact  that  peace 
conditions  have  changed,  to  some  extent,  the 
character  of  goods  being  handled  at  ware- 
houses. The  army  warehouse  at  Schenectady 
is  a  good  example  of  this  condition,  for  at 
present  there  is  much  material  handling 
apparatus  that  is  not  being  used  or  is  only 
partially  used,  due  to  decrease  in  amount  of 
material  passing  through. 

This  emphasizes  the  need  of  a  careful 
canvass  of  the  field  before  selecting  mechanical 
handling  apparatus,  thus  insuring  the  greatest 
efficiency    and    economy.      The   government 


another.  If  the  elevators. are  installed  in  a 
bank  it  is  practically  certain  that  one  will 
be  unoccupied  and  at  his  service. 

The  elevator  speed  should  not  be  so  fast  as 
to  require  jogging  for  accurate  floor  landings, 
as  the  time  thus  consumed  off-sets  to  a  great 
degree  t  lie  time  gained  by  the  higher  car  speed. 
A  speed  of  150  ft.  per  minute  is  about  the  limit 
forsingle  speed  elevators.  Theaccuracy  of  land- 
ing varies  as  the  square  of  the  elevator  speed. 

With  direct -current  elevators,  slow  down 
is  easily  obtained.  The  ' '  micro-drive ' '  feature, 
when  applied  to  alternating-current  motors, 
gives  very  accurate  floor  landings.  Accurate 
landings  can  also  be  made  by  using  two- 
speed  alternating-current  motors.  These 
have  the  great  advantage  of  being  much 
cheaper  and  simpler. 
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The  elevator  installations  at  both  Brooklyn 
and  Boston  army  bases  are  automatic,  their 
movements  being  controlled  by  one  central 
operator  who  is  situated  at  a  switchboard 
from  which  he  can  control  the  movements  of 
ar  in  his  bank  of  elevators  from  one 
floor  to  any  other.  In  case  an  elevator  is 
desired,  this  operator  is  notified  by  telephone 
and  he  dispatches  a  car  there  for  service. 
The  "trailing  light  system  "  is  used  to  keep  an 
accurate  record  of  the  position  of  the  cars  at  all 
times. 

The  dictionary  defines  the  word  "dunnage " 
as  pieces  of  wood,  mats,  boughs  or  loose 
material  of  anv  kind  laid  on  the  bottom  of  the 


shells  in  Fig.  2  were  manually  piled,  while 
machines  were  used  in  tiering  those  in  Fig.  3. 
Machine  piling  also  effects  a  great  saving  in 
expense. 

\  other  place  where  dunnage  is  essential 
is  in  the  piling  of  mattresses  and  similar 
materials  which  will  not  keep  their  shape. 
By  the  use  of  small  pieces  of  wood  they  can, 
however,  be  piled. 

When  piling  boxes  very  efficient  dunnage 
can  be  obtained  by  inverting  a  row  of  boxes. 
As  the  boxes  are  not  cubic  they  will  cause  a 
break  in  the  tiers  and  lend  stability  to  the 
piles.  Fig.  4  shows  very  clearly  the  use  of 
such  dunnage. 


Fig.  5.      Axes  and  Axe  Handles  Piled  so  as  to  Permit  Easy  Reclaiming.      The  heads  are  packed  in  boxes 
dozen  each  and  the  handles  are  wrapped  in  the  burlap  bags  shown  between  the  boxes 


hold  for  the  cargo  to  rest  upon  to  prevent 
injury  by  water  or  chafing  of  the  cargo  due  to 
shifting.  Dunnage  to  the  warehouseman  has 
an  entirely  different  meaning.  To  him  it 
means  the  use  of  wood  or  other  materials  to 
permit  higher  tiering,  thus  economizing  in 
floor  space.  Dunnage  most  often  takes  the 
form  of  timbers  of  even  cross-section  cut  into 
even  lengths.  Most  of  this  is  reclaimed  from 
crating  and  similar  sources  which  are  common 
about  warehouses. 

Figs.  2  and  3  show  the  greatly  increased 
efficiency  obtained  in  the  piling  of  small 
ammunition  when  dunnage  was  used.  Also, 
it  will  be  noted  in  Fig.  3  that  the  pile  is  much 
neater  than  when  piled  as  in  Fig.  2.     The 


Fig.  5  illustrates  the  method  used  by  the  U.  S. 
government  to  pile  its  boxes  of  axes  and  axe 
handles,  permitting  rapid  reclaiming.  Each 
box  contains  12  axes  and  each  burlap  bag  con- 
tains 12  handles.  The  handles  are  in  vacant 
spaces  between  the  boxes,  thus  keeping  both 
close  together.  This  is  a  rather  unique 
method  of  using  the  material  itself  as  dunnage. 

In  closing,  it  might  be  stated  that  it  has 
been  the  writer's  aim  to  point  out  some  of  the 
most  fundamental,  underlying  principles  per- 
taining to  the  proper  design,  construction 
and  economical  functioning  of  warehouses. 
No  attempt  has  been  made  to  conclusively 
cover  any  of  the  various  far-reaching  phases 
in  this  article. 
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The  Field  for  Electrically  Operated  Material 
Handling  Machinery 

By  F.  T.  Smith 

Power  and  Mining  Department,  General  Electrk:  Company 

The  application  of  material  handling  machinery  is  bound  to  haw  an  immense  future  because  of  the 
vast  scope  of  the  field  involved,  the  huge  quantity  of  goods  handled,  and  the  economic  pressure  which  will 
be  brought  to  bear  upon  the  managements  that  employ  antiquated  methods  of  handling  material  by  manual 
labor.  The  following  article  discusses  the  general  situation,  describes  several  well-designed  installations, 
and  makes  reference  to  the  various  units  of  equipment  now  available. — Editor. 
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'HE  problem  of 
commerce  has 
been  characterized  by 
the  late  James  J.  Hill 
as :  "  To  get  it  from 
where  it  is  to  where  it 
ought  to  be."  This 
would  apply  equally 
well  to  the  handling 
of  material  at  termi- 
nals. How  to  move 
heavy  loads  and  light 
loads,  small  packages 
f.  t.  smith  and    large    unwieldy 

packages,  over  both 
short  and  long  distances  in  the  least  time  and 
in  the  most  economical  manner,  constitutes 
the  problem  of  modern  freight  handling. 

A  recent  survey  of  the  field  for  mechanical 
handling  equipment  showed  that  there  is  a 
demand  for  over  200,000  units  in  the  indus- 
trial section  alone;  such  equipment  as  indus- 
trial trucks,  tractors,  lift  trucks,  industrial 
locomotives,  portable  cranes,  portable  con- 
veyors, and  portable  electric  hoists  being 
included.  The  investigation  also  demon- 
strated that  only  five  per  cent  of  the  plants  in 
the  country  are  extensively  employing 
machines  of  the  types  mentioned.  It  further 
disclosed  that  but  35  per  cent  of  the  manu- 
facturers are  familiar  with  mechanical  han- 
dling equipment  and  its  function,  and  that 
among  the  remainder  a  very  great  many  are 
entirely  unacquainted  with  the  details  of 
even  the  minor  types  of  such  machines.  In 
the  iron,  steel,  and  metal  working  industry. 
30  per  cent  of  the  managers  could  not  mention 
a  single  manufacturer  of  plant  transportation 
equipment,  such  as  trucks,  tractors,  con- 
veyors, etc.  The  investigation  further  dis- 
closed that  the  potential  requirements  of  the 
railroads  are  enormous. 

The  railroads  are  well  termed,  "The 
Arteries  of  the  Country."  They  form  a  huge 
network  with  over  100,000  terminals  and 
transfer  points  in  the  United  States.  To 
reduce  to  a  minimum  the  time  required  to 
load,  transfer  and  unload  2,400,000  freight 
cars  on  231,000  miles  of  track  is  the  job  of  the 


railroads  in  America  today.  It  is  estimated 
that  150,000,000  tons  of  freight  are  handled 
in  the  port  of  New  York  annually.  An 
authority  has  stated  that  by  the  installation 
of  up-to-date  equipment  for  material  han- 
dling, the  estimated  average  saving  in  cost  is 
40  per  cent  over  old  methods.  Roughly 
speaking,  one  million  men  are  engaged  in 
freight  handling  in  the  United  States  and  they 
receive  more  than  one  billion  dollars  annually. 
Thus,  a  40  per  cent  reduction  in  the  cost  of 
handling  would  result  in  an  enormous  saving. 

Inland  Waterways 

The  question  of  water  transportation  has 
recently  been  given  considerable  thought. 
On  the  Mississippi  River  there  has  been 
instituted  a  water  freight  line  from  St.  Louis 
to  New  Orleans,  comprising  several  fleets  each 
consisting  of  one  towboat  and  five  barges, 
each  barge  having  a  capacity  of  2000  tons 
or  a  total  of  10,000  tons  for  a  fleet  of  five 
barges.  These  floating  freight  trains  maintain 
a  4j/2-day  schedule  between  St.  Louis  and 
New  Orleans.  Between  Minneapolis  and 
St.  Louis  there  is  also  a  water  freight  line 
consisting  of  24  freighters  and  four  tugs;  these 
freighters  or  barges  are  300  ft.  long  and  have 
a  capacity  of  2500  tons  each. 

We  are  familiar  with  the  New  York  State 
barge  or  ship  canal,  with  a  12-ft.  channel, 
connecting  the  Great  Lakes  with  the  Hudson 
river  and  the  seaboard.  There  is  also 
in  operation  the  Cape  Cod  canal,  connecting 
Boston  Bay  with  Buzzard's  Bay,  which 
reduces  materially  the  voyage  from  New 
York  to  Boston.  With  the  contemplated 
deeper  and  wider  canal  from  the  Delaware 
river  across  New  Jersey  to  New  York  Bay, 
and  from  the  Delaware  river  to  Chesapeake 
Bay,  there  will  be  an  inland  water  route  from 
Norfolk  to  New  York,  and  thus  through  to 
the  Great  Lakes. 

The  construction  of  these  canals  means 
that  men  of  affairs  see  the  possibilities  of 
inland  waterway  transportation  and  the  big 
part  it  will  play  in  future  development.  The 
War  Department  expects  to  put  into  service 
on  the  New  York  State  barge  canal  a  total  of 
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1 1  io  barges  and  towboats  aggregating  a  cargo 
capacity  of  141,450  tons. 

Marine  Terminals 

The  water  terminal  question  is  also  a  big 
one  and  is  being  met  not  only  by  the  govern- 
ment but  by  municipalities  interested  in  t he- 
success  of  waterways.  The  equipment  of  the 
many  necessary  terminals  will  require  addi- 
tional apparatus  for  the  quick  loading  and 
unloading,  economical  storage,  and  efficient 
transfer  of  freight. 

Over  both  rail  and  inland  water  trans- 
portation systems,  freight  moves  in  a  never 
ceasing  flow  toward  the  terminals.  To  this 
point  also  come  ocean-going  ships  to  be  loaded 
and  unloaded.  This  continuous  flow  of  freight 
over  land  and  water  makes  the  terminal  the 
small  neck  of  the  "hour  glass,"  with  the 
choking  point  still  further  extended  to  the 
hatch  of  the  ship  and  to  the  car  door. 

If  we  are  to  give  our  ships  a  quick  turn 
around  in  port,  if  we  are  to  release  thousands 
of  freight  cars,  if  many  thousands  of  tons  of 
freight  are  to  be  transported  and  handled, 
if  we  are  to  hold  the  world  trade,  then  we 
must  keep  our  terminals  clear.  How  will  this 
be  done?  Shorter  hours  are  in  many  places 
imperative,  and  heavy  manual  work  must  be 
lightened .  In  too  many  places  is  the  man  with 
the  hand  truck  a  conspicuous  figure. 

The  piers  must  be  built  wider,  they  must 
be  built  to  accommodate  new  and  larger  ships 
and  to  expedite  the  movement  of  freight. 
This  means  that  there  must  be  provision 
made  for  freight  handling  equipment,  for 
storage  space,  for  aisles,  and  for  railroad 
tracks.  Increased  production,  efficiency,  and 
economy  are  some  of  the  results  assured  by 
using  mechanical  equipment. 

To  relieve  existing  conditions  and  plan  for  a 
big  future,  let  us  consider  some  of  the  larger 
developments,  accomplished  or  contemplated. 
Electricity  has  taken  the  lead,  and  among 
the  greatest  improvements  has  been  the 
replacement  of  the  hand  trucker  by  the  appli- 
cation of  this  greater  power.  The  city  of 
Seattle  has  spent  millions  of  dollars  for  piers, 
warehouses,  and  modern  equipment,  thus 
making  the  port  one  of  the  foremost  on  the 
Pacific  Coast.  Plans  are  now  under  way  for 
extensive  improvements  in  the  port  of  New 
York;  and  Philadelphia,  Boston,  Baltimore, 
and  Portland,  Me.,  are  also  looking  well  into 
the  future  possibilities  of  a  port  having 
modern  handling  facilities. 

Trucks 

Much  attention  is  being  given  to  the  appli- 
cation of  both  electric  and  gasoline  trucks  of 
1  Yi  to  5  tons  capacity  for  freight  haulage  and 
direct  shipment.     One  of  the  slogans  among 


many  shippers  today  is  "Ship  by  Truck." 
The  use  of  highways,  in  addition  to  relieving 
railways  of  a  portion  of  their  freight,  will  save 
tremendous  terminal  expense  and  congestion 
as  well  as  the  cost  of  transferring  to  and 
from  terminals.  Motor  trucks  carry  mer- 
chandise direct  from  shipper  to  consignee  for 
there  are  no  sidings,  delays,  or  blocks  along 
dependable  truck  routes.  They  operate  on 
established  routes,  both  express  and  freight, 
in  every  part  of  the  country  and  form  the  back- 
bone of  the  large  motor  transport  fleet. 


Fig.   5.      A    Portable    Elevator.    Electrically    Driven,    Piling 
Heavy  and  Unwieldy  Bales  of  Sisal 

Recent  reports  regarding  the  development 
of  motor  transportation  indicate  that  there 
are  more  than  400  motor  express  lines  in  New 
York  State.  For  the  whole  country,  it  is 
estimated  that  there  are  not  less  than  5000 
such  lines  in  operation. 

A  gasoline  truck  with  an  average  speed  of 
1 5  miles  an  hour  is  best  adapted  to  long  hauls, 
10  to  20  miles  or  even  much  longer.  This 
type  has  unlimited  mileage  and  has  the 
advantage  over  the  storage  battery  truck  of 
being  able  to  climb  grades  with  very  little 
reduction  in  speed.  It  costs  more  to  operate 
than  the  electric,  but  with  the  increased  speed 
it  can  carry  more  load  in  a  given  time. 

A  storage  battery  truck,  having  an  average 
speed  of  7  miles  an  hour  and  a  mileage 
limitation  of  45  maximum,  35  miles  practical. 
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is  best  adapted  to  short  hauls  or  what  might 
ity  service.     In  other  words, 

it  is  best  adapted  to  a  sen-ice  where  most  of 
the  time  is  spent  standing  or  delivering 
short    distances;  unloading  a  few  packages, 
moviii  a  id  unloading  a  few 

more.  One  disadvantage  is  that  the  operator 
must  always  work  within  the  mileage  capacity 
of  the  batteries.  In  other  words,  after  making 
ier  i  if  runs  during  a  busy  day.  he  might 
not  be  able  toward  the  close  of  the  da 
make  a  run  which  would  earn-  him  some 
distance  from  the  charging  plant  withoul 
ing  unable  to  return. 

The  first  costs  of  the  two  types  of  trucks 
are  comparable.  The  electric,  however, 
requires  additional  apparatus  in  the  form  of 
battcrv  charging  equipment.  Both  types  are 
valuable  in  their  field  of  operation,  in  that 
they  are  free  from  track  limitations. 

In  passing,  we  should  not  fail  to  mention 
contemplated  airplane  freight  routes  for  quick 
dispatch  of  freight  of  limited  quantity  and  size. 
Several  routes  have  already  been  established. 
It  is  only  a  matter  of  time  before  special 
types  of  airplanes  will  be  developed  to  carry 
certain  kinds  of  package  freight. 

Terminals  and  Material  Handling  Equipment 

The  "motorized"  terminal  at  Cincinnati 
is  a  big  step  in  the  right  direction.  Before 
adopting  this  improved  method  the  terminal 
was  one  of  the  most  congested  in  the  country : 
now  it  is  one  of  the  most  expeditious.  Its 
equipment  includes  approximately  90  cranes, 
360  electric  hoists,  overhead  rails,  motor  trucks, 
and  a  plurality  of  interchangeable  motor-truck 
bodies.  These  bodies  are  demountable  and 
provided  with  hooks  so  that  they  can  be 
lifted  from  the  truck  chassis  by  the  over- 
head cranes.  The  lift  and  travel  of  each  crane 
is  controlled  by  an  operator  standing  on  the 
floor  near  the  truck.  The  truck  body  is  de- 
posited on  the  floor  of  the  terminal  in  line 
with  other  bodies  that  have  been  similarly 
unloaded,  all  of  which  have  been  placed  con- 
veniently near  the  waiting  railroad  box  car. 
Through  large  doors  at  each  end  of  the  truck 
body,  the  commodity  can  easily  be  hand- 
trucked  a  short  distance  to  the  railroad  car. 
The  reverse  of  this  complete  operation  is 
carried  out  with  equal  facility.  This  pro- 
cedure results  in  quick  loading  and  dispatch 
across  town,  from  one  railroad  terminal  to 
another,  and  minimizes  the  long  delay 
ordinarily  experienced.  The  average  cost  of 
this  work  is  80  cents  a  ton  as  compared  to 
$1.20  charged  by  the  transfer  company  with 
larries  or  $1.12  to  $1.60  which  it  costs  the 
railroads  to  haul  their  own  trap  cars.  The 
freight  car  was  not  intended  for  a  permanent 
storage  and  this  is  one  method  of  releasing 


an   average   of  23   trap  cars    a   day.     This 

nnt '>r-truck  sen-ice  releases  approximately 
66,000  box  cars  a  year  from  Cincinnati 
terminal  usage  for  line  movements. 

The  transfer  company  used  115  larries  and 
hauled  3,S  per  cent  of  the  less-than-carload 
freight.  To  handle  all  the  freight  would  have 
taken  2.")(i  horse  drawn  trucks.  The  motor 
company  will  soon  be  moving  1000  tons  daily 
with  225  bodies  and  15  to  16  chassis. 

Another  application  that  has  proved  suc- 
cessful is  the  installation  of  the  tractor  trailer 
system  and  the  many  types  of  industrial 
trucks  at  railroad  terminals,  marine  termi- 
nals, and  industrial  plants.  These  efficient, 
machines  are  demonstrating  their  ability  in 
every  part  of  the  country. 

The  cost  of  operating  the  tractor  includes: 
Eixed  charges,  such  as  insurance,  interest, 

taxes,  and  depreciation. 
Operating  charges,  such  as  energy,  tires, 
oil,  grease,  electrolyte,  and  water. 

The  approximate  cost  per  hour  is  $1.10  or  3 
to  5  cents  per  ton  on  a  basis  of  handling  330' 
tons  of  material  per  day  for  transfer  at 
terminal  points  (not  including  loading  and 
unloading). 

The  industrial  load  carrying  truck : 

•    (1)  Moves  a  load  equivalent  to  that  of 
from  8  to  12  men  with  hand  trucks. 

(2)  Travels  from  5  to  7  times  faster  than 
a  man. 

(3)  Saves  the  equivalent  wages  of  from 
6  to  15  men. 

1  I  Will  pay  for  itself  in  from  3  to  9' 
months,  depending  on  its  use,  care, 
and  operation. 
The  average  tractor  train  consists  of  eight 
trailers  with  an  average  total  load  of  four  tons. 
The  number  of  trailers  per  train  may  be  in- 
creased somewhat  for  a  straight  run  or  a  train- 
consisting  of  light  trailers  only.  Each  train  is 
operated  by  a  motorman  and  a  man  who  hooks 
and  unhooks  the  trailers.  The  trailersare  loaded 
in  the  railroad  car  by  two  men  and  then 
pushed  from  the  car  to  the  platform.  Each 
section  of  the  platform  or  island  platform  is 
connected  with  the  central  dispatcher's  office 
by  telephone.  If  a  loaded  train  is  ready  or 
there  is  a  congestion  of  empty  trailers,  the 
dispatcher  in  that  particular  section  tele- 
phones a  central  dispatcher  for  a  tractor.  The 
tractor  is  immediately  sent  to  that  section 
to  haul  the  loaded  trailers  or  empty  trailers 
to  that  part  of  the  platform  designated  by  the 
central  dispatcher. 

The  U.  S.  Army  Supply  Base  at  Boston 
is  equipped  with  one  of  the  most  complete  and 
modern  mechanical  cargo  handling  systems, 
in  the  country,  the  mechanical  appliances- 
of    which    are    electrically    operated.      This 
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terminal  consists  of  a  loading  and  unloading 
pier  and  a  large  warehouse  for  storage. 


IfeSwr 


Fig.  6.     Bird's-eye  View  of  the  Brooklyn  Ar 
the  Largest  Shipping  Terminal  in 
the  World 


It  is  estimated  that  in  ten  hours  200  carloads 
i >r  6,000  tons  of  material  can  be  unloaded  from 
the  cars  and  placed  in  the  warehouse ;  4,000 
t'  ms  can  be  unloadedand  placed  in  the  pier  shed; 
Km  carloads  or  3,000  tons  can  be  unloaded 
and  stored  on  the  first  floor  of  the  wharf  shed; 
and  that  in  about  55  hours  four  wharf-shed 
cranes  will  load  an  S, 000-ton  vessel. 

A  terminal  of  this  kind  for  handling  package 
freight  would  approximate  as  nearly  as  possible 
a  system  so  efficiently  used  on  the  Great  Lakes 
for  handling  bulk  material,  would  use  all  im- 
proved types  of  machinery  for  mechanical  han- 
dling, and  would  include  the  installation  of  such 
apparatus  as  sub-station  equipment,  trans- 
formers, many  types  and  sizes  of  motors,  con- 
trol, battery  charging  sets,  wiring,  lighting,  etc. 

A  similar  terminal,  even  larger  than  the  one 
at  Bi  iston  and  equally  well  equipped  mechani- 
cally, is  located  at  Brooklyn.  Others  that 
might  be  mentioned  are  at  Norfolk  and  New 
Orleans. 

For  convey"  irand  \  >ilingmachines,  a  saving  in 
time  of  one-third  to  one-half  can  be  expected, 
with  a  cost  per  ton,  for  handling,  depending  on 
the  rate  prevailing  for  power  and  cost  of  labor. 

Following  are  some  of  the  appliances  that 
help  to  speed  up  handling,  reduce  ship's 
turn  around,  and  relieve  congested  terminals : 

For  Direct  Unloading  from  Ship  or  Car  to  Shed 
or  Warehouse: 
The   crane,   the  mono-rail,   and   the   fixed 

or  portable  winch. 
Many  types  of  conveyors,  industrial  trucks, 
or  tractor  and  trailers. 

For  Horizontal  Movements: 

The  storage  battery  tractor  with  its  fleet  of 

trailers. 
The  many  types  of  the  load  carrying  truck. 
The  conveyor  with  power  sections  capable 

of  being  shortened  or  lengthened. 
The  bridge-type  crane. 
The  mono-rail  or  telpher. 

For  Inclined  or  Vertical  Piling: 

The  inclined  conveyor  for  a  commodity  of 

one    kind,     packages,     boxes    or    bags, 

uniform  in  size. 
The  portable  elevator  or  mechanical  piler. 
The  tier  lift  truck. 

For  Vertical  Lift: 

The  elevator  with  a  platform  of  proper  size 
to  conveniently  and  economically  carry 
loaded  trailers  and  industrial  load  carry- 
ing trucks. 

The  proper  type  of  crane. 

The  various "  types  of  portable  and  fixed 
winches  and  hoists. 
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Standardized  Containers  and  Sectionalized 
Freight  Cars 

By  R.  H.  McLain 
Power  and  Mining  Engineering  Department,  General  Electric  Company 

A  number  of  articles  in  this  issue  make  reference  to  the  fact  that  the  principal  difficulty  in  the  development 
of  machinery  for  handling  package  freight  arises  from  the  miscellaneous  character  of  the  packages  shipped. 
This  article  describes  the  operation  of  a  system  using  standardized  containers  and  sectionalized  freight  car 
bodies,  explains  how  it  will  expedite  the  delivery  of  less-than-carload  shipments  and  reduce  to  the  minimum  the 
waste  inherent  in  the  present  method  employed  for  these  small  lots  of  freight. — Editor. 


There  is  a  tremendous  waste  under  the 
present  systerh  of  less-than-carload  ship- 
ment for  small  amounts  of  freight.  This 
waste  occurs:  first,  in  the  valuable  lumber 
which  is  used  for  the  crates;  second,  in  the 
breakage  of  poor  boxes;  third,  in  pilferage; 
fourth,  in  the  loss  of  stowage  space  in  freight 
cars  due  to  the  odd  shape  and  frailt  y  i  if 
packages;  fifth,  in  the  handling  expense  and 
congestion  at  railway  transfer  points  where 
goods  are  moved  by  hand  when  being  trans- 
ferred from  car  to  car. 

A  system  of  transportation  which  will 
eliminate  this  inefficiency  can  be  effected. 
Component  parts  of  such  a  system  are  in 
practical  operation  in  various  places  in  the 
world  at  present.  An  assembly  of  these 
components  into  one  super-transportation 
system  in  the  United  States  is  worthy  of  the 
combined  efforts  of  all  its  citizens.  In  the 
United  States  about  60  per  cent  of  the  freight 
is  carried  in  carload  lots  and  about  40  per 
cent  in  less-than-carload  lots.  Our  box  cars 
have  a  rated  capacity  of  about  40  tons  each. 
In  Europe  a  car  or  "wagon"  is  rated  at 
about  10  tons,  and  a  smaller  percentage  of 
freight  goes  in  less-than-carload  lots.  It  is 
easy  to  see  that  the  smaller  the  car  the  less  will 
be  the  amount  of  less-than-carload  freight; 
and  if  the  cars  are  made  small  enough,  the 
less-than-carload  freight  will  almost  vanish. 
However,  a  smaller  car,  while  useful  in  a 
small  country  where  car-mileage  is  unimpor- 
tant, clearly  has  no  place  in  the  United  States 
where  a  car  may  travel  several  thousand 
miles  on  one  trip. 

The  ideal  arrangement  is  certainly  a  com- 
bination of  the  two  types  of  carriers,  whereby 
some  four  or  more  small  detachable  car- 
bodies  are  carried  on  one  large  car  truck. 
The  operation  of  this  system  will  be  facilitated 
by  the  use  of  over-head  traveling  cranes  or 
locomotive  cranes  for  transferring  the  small 
car-bodies  from  car  truck  to  car  truck  at 
transfer  yards;  and  by  the  use  of  suitable 
automobiles  for  carrying  these  bodies  between 


the  railway  stations  and  the  shippers'  wart- 
houses.  Small  hoists,  operated  lay  electric 
power  or  by  hand,  would  be  used  "for  trans- 
ferring the  bodies  at  railway  stations.  By 
this  system  shippers  of  one-fourth  of  a  car- 
load lot  or  even  less,  who  have  no  railway 
tracks  at  their  plants,  would  have  somewhere 
near  as  economical  transportation  facilities 
as  does  the  shipper  of  carload  lots  who  has 
railway  tracks  at  his  door. 

Furniture,  mail,  and  express  are  handled  on 
the  continent  of  Europe  and  in  England  by 
this  system,  using  automobiles,  boats,  and 
railway  trucks,  all  during  one  trip.  This 
arrangement  would  take  care  of  the  trans- 
portation needs  of  shippers  who  can  ship  in 
1(  its  i  if  something  like  one-fourth  or  one-fifth 
of  the  present  standard  box  car,  and  would 
reduce  the  crating  expense  of  such  shippers 
by  a  considerable  amount  because  goods  for 
lot  shipment  in  a  small  ear-body  do  not  always 
need  to  be  crated  in  as  expensive  a  manner  as 
those  which  are  for  less-than-carload  lot  ship- 
ment ;  but  the  arrangement  does  not  take  care 
of  the  transportation  needs  of  the  smaller 
shipper,  nor  all  of  the  crating  needs  of  any 
shipper.  Substantial  metal  containers  with 
"thief-proof"  locks  are  now  made  in  both 
the  collapsible  and  the  non-collapsible  type. 
Such  containers  are  used  now  by  express 
companies  and  some  merchants  for  shipping 
valuable  goods  and  by  a  few  shippers  for 
ordinary  goods.  They  can  be  made  of 
various  sizes  with  dimensions  which  fit 
snugly  in  the  space  available  in  the  small 
car-bodies,  and  also  can  be  of  sufficient 
strength  to  withstand  the  strain  of  being 
packed  at  the  bottom  of  a  fully  loaded 
freight  car.  At  present,  one  trouble  in  using 
these  containers  for  ordinary  goods  is  that 
the  shipper  of  the  goods  must  own  the  boxes 
and  must,  therefore,  pay  freight  on  the 
return  trip  empty. 

An  ideal  system  would  be  for  a  giant  trans- 
portation company  to  own  enough  containers 
to  take  care  of  the  requirements  of  the  whole 
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d  States  and  to  operate  warehouses  at  all 
shipping  points.  This  company  could  lease, 
deliver,  and  colled  both  empty  ami  loaded 
tiers  ai  the  shippers'  plants.  They 
could  consolidate  containers  into  small  car- 
bodies  so  as  to  require  that  a  container  be 
shifted  from  one  car-body  to  another  as  few 
times  as  possible  during  a  trip.  By  proper 
management,  this  company  could  provide 
that  raihvay  trucks  and  trains  are  more  fully 
loaded  both  as  to  space  and  weight  than  is 
possible  under  the  present  system.  The  small 
containers  and  small  car-bodies,  all  belonging 
to  one  company,  need  make  no  useless  trips 
empty,  but  would  carry  loads  on  practically 
all  trips,  just  as  railway  box  cars  and  mail 
pouches  now  cruise  around  the  country 
making  as  many  loaded  trips  and  as  few 
empty  trips  as  possible.  The  United  States 
Post  Office  Department  operates  very  much 
in  this  manner  so  far  as  general  plans  and 
management  are  concerned,  but  on  account  of 
the  character  of  the  material  handled  does  not 
need  to  have  such  large  physical  equipment. 
The  economical  benefits  of  such  a  system, 
when  once  it  is  fully  organized  and  operating, 
would  be  tremendous;  but,  of  course,  there 
will  undoubtedly  be  many  painful  struggles 
before  such  a  system  .can  be  put  into 
operation. 

The  advantages  would  be  a  saving  in  box- 
ing charges,  less  breakage  and  pilferage, 
the  elimination  of  a  great  deal  of  labor  in 
handling  goods,  and  greater  despatch  because 
all  freight  would  go  by  a  system  which  cor- 
responds somewhat  to  the  despatch  of  car- 
load lot  shipment  at  present. 

Imagine  the  operation  of  such  a  system  in 
a  city  located  near  the  middle  of  New  York 
State.  Suppose  a  householder  in  the  resi- 
dential district  wishes  to  ship  100  lb.  of 
miscellaneous  household  goods  to  Southern 
Texas.  He  estimates  the  weight  and  space 
of  his  goods  and  requests  the  transportation 
company  to  send  a  suitable  box.  This  is 
delivered  at  his  door  and  he  makes  a  small 
deposit  for  the  safe  return  of  the  box.  When 
he  has  packed  it,  he  again  notifies  the  trans- 
portation company  and  gives  the  destination 
of  his  shipment.  The  transportation  company 
each  day  circulates  in  the  city  several  trucks 
which  carry  the  small  detachable  car-bodies 
previously  mentioned.  One  truck  will  collect 
east-bound  goods  for  points  west  of  Albany; 


another  east-bound  goods  for  points  beyond 
Albany;  another  will  colleci  west-bound 
goods  for  point  >  east  of  Buffalo;  another  west- 
bound goods  for  points  beyond  Buffalo,  etc. 
The  proper  truck  will  call  at  the  shipper's 
door  and  by  the  time  it  reaches  the  railway 
station  will  be  fully  loaded  with  containers  all 
of  which  are  for  points  west  of  Buffalo.  At 
the  station,  it  will  be  sealed,  taken  bodily 
from  the  automobile,  and  lifted  onto  a  rail- 
way truck  which  is  going  to  Buffalo.  At 
Buffalo,  or  some  other  suitable  transfer  pi  ant . 
this  car-body  will  be  broken  open  and  the 
containers  transferred  to  other  suitable  small 
car-bodies  which  are  going  to  some  point  in 
Texas,  as  near  as  possible  to  the  final  destina- 
tion. 

At  such  grand  centers  as  Buffalo,  or  any 
other  suitable  collection  point,  there  would  be 
lying  in  wait  small  car-bodies,  each  intended 
for  some  freight  center  in  the  United  States. 
So  far  as  Buffalo  is  concerned,  the  whole 
United  States  would  be  divided  into  freight 
zones,  possibly  500  in  number,  and  one  small 
car-body  would  be  designated  for  each  of 
these  zones.  Such  a  car-body  might  require 
several  days  of  waiting  before  it  is  com- 
pletely filled.  Then  it  will  be  sealed  and 
shipped  through  with  all  of  the  despatch  of  a 
solid  carload  shipment  to  the  freight  center 
nearest  the  final  destination  in  Texas.  At 
this  point,  the  car-bod}'  would  again  be 
broken  open  and  the  containers  re-assembled 
into  a  car-body  which  is  going  to  the  railway 
station  of  the  consignee.  This  last  car-body, 
when  it  reaches  the  railway  station,  is  filled 
with  goods  only  for  that  particular  station  and 
is  taken  as  a  whole  from  the  railway  truck  to 
an  automobile.  The  seal  is  broken  and  all  of 
the  containers  in  this  car-body  are  delivered 
to  the  street  addresses  of  the  consignees. 

Such  large  shippers  of  miscellaneous  freight 
as  Sears,  Roebuck  might  very-  well  have  their 
own  zoning  system  for  the  United  States  and 
ship  small  car-bodies  to  each  zone  center 
once  every  three  or  four  days.  It  is  readily 
apparent  to  one  familiar  with  the  shipment 
of  less-than-carload  goods  that  far  greater 
overall  despatch  is  obtained  by  allowing 
goods  to  lie  stationary  for  several  days,  or 
even  a  week,  awaiting  opportunity  to  go 
through  as  a  solid  carload  shipment  than  to 
start  them  immediately  on  a  trip  as  less-than- 
carload  goods. 
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Preparation  of  Goods  for  Transportation  and  Storage 

By  Harry  N.  Knowi.ton 
Boxing  and  Packing  Specialist.  Generai   Ele<  ran  Company 

While  everyone  realizes  that  proper  packing  is  essential  to  the  deliver}  of  goods  in  an  undamaged  con- 
dition, everyone  is  not  acquainted  with  just  what  arc  the  elements  of  proper  packing  or  the  influence  which 
these  have  on  the  design  of  the  artcles  to  be  shipped.  Mr.  Knowlton  outline  thi  e  fai  toi  and  emphasizes 
the  desirability  of  using  an  easily  readable  and  uniform  system  of  marking. — Editor. 

package.  In  other  cases,  changes  in  the 
design  of  a  bracket  or  other  projecting  part 
might  make  it  possible  to  block  the  material 
more  securely  or  to  save  several  inches  of 
space  thus  using  a  smaller  container. 

Shape  and  Weight  of  Small  Packages 

There  are  many  featvires  in  the  construc- 
tion of  the  container  and  in  the  method  of 
marking  which  make  for  safe  and  economical 
transportation  and  storage.  With  small 
package  material,  where  a  number  of  the 
same  articles  are  boxed  together,  the  shape 
and  weight  of  the  package  are  important. 
As  a  rule,  the  gross  weight  of  the  package 
should  not  exceed  300  lb.,  or  a  weight  which 
can  be  conveniently  handled  with  trucks  by 
man-power.  The  shape  of  the  package  should 
preferably  approach  a  cube,  as  a  cubical  box 
is  generally  the  cheapest  shape  of  box  to  make 
and  the  falls  which  it  receives  during  trans- 
portation are  much  less  severe  and  cause  less 
damage  than  is  the  case  with  the  long  flat 
package. 

Design  of  Heavy  Packages  for  Proper  Handling 

Heavy  packages  which  are  handled 
mechanically  with  slings  and  crane  must  be 
so  constructed  that  they  can  be  safely  handled 
without  damage  to  the  contents  or  the  con- 
tainer and  without  injury  to  the  men  who 
handle  them.  The  ends  of  skids  should  be 
slotted  for  the  sling  cable  and  marks  should 
be  stenciled  on  the  package  indicating  the 
position  of  the  slings.  This  is  particularly 
important  where  the  center  of  gravity  of  the 
package  is  considerably  off  center.  The  con- 
struction of  the  package  should  also  be  strong 
enough  to  withstand  the  crushing  action  of  the 
sling  cable  when  the  package  is  lifted.  The 
ends  of  skids  should  be  chamfered  so  that  the 
package  can  be  easily  moved  about  without 
i-atcliing  on  projections  on  the  floor. 
General  Construction  of  Large  Packages 

In  large  packages,  the  skid  and  frame  con- 
struction and  the  method  of  bracing  the 
contents  in  the  box  are  of  much  importance. 
The  skids  form  the  backbone  of  the  package 
and  must  always  be  strong  enough  to  sustain 
the  load  under  all  hazards  of  transportation. 
Where  the  base  of  the  contents  is  not  in  con- 
tact with  the  skid  over  the  entire  length  of 


It  is  common  practice  with  most  progres- 
sive manufacturers  to  take  particular  pains 
to  prepare  their  goods  so  that  they  can  be 
safely  and  readily  transported  and  stored. 
Careful  attention  to  this  matter  is  necessary 
to  the  satisfactory  and  profitable  conduct  of 
any  business.  It  is  not  generally  appreciated, 
however,  except  by  those  in  intimate  touch 
with  this  phase  of  the  business,  just  how 
important  are  some  of  the  seemingly  minor 
points  in  connection  with  proper  packing, 
marking,  and  conditioning  goods  for  ship- 
ment; and  it  is  therefore  desired  briefly  to 
mention  some  of  these  points  in  this  article. 

Effect  of  Design  of  Material  on  Packing  and  Ship- 
ping 

An  important  angle  of  the  problem,  and 
one  to  which  enough  attention  has  not  been 
given  in  the  past,  is  the  fact  that  in  designing 
material  for  manufacture  consideration  should 
always  be  given  to  the  matter  of  whether 
the  design  provides  a  good  shipping  propo- 
sition or,  in  other  words,  an  article  which 
can  be  safely  shipped  and  stored  without  an 
excessive  outlay  for  boxing  or  excessive  trans- 
portation charges.  The  proper  mechanical 
operation  of  the  material  is  naturally  of  first 
importance  and  the  design  cannot,  of  course, 
be  altered  at  the  expense  of  this  feature. 
It  often  happens,  however,  that  slight  changes 
in  design  which  do  not  in  any  way  affect  the 
proper  operation  of  the  material  will  make  it 
possible  greatly  to  reduce  the  amount  of 
lumber  required  in  boxing  or  will  make  it 
possible  to  cut  down  the  size  of  the  package, 
thus  saving  transportation  charges.  For 
export  shipment  it  is  particularly  necessary 
that  the  size  of  the  package  be  reduced  to  a 
minimum,  as  in  many  cases  the  weight  per 
cubic  foot  is  small  and  the  ocean  freight 
charges  are  based  on  measurement  instead  of 
on  weight.  In  such  instances,  disassembly 
of  the  material  is  often  desirable  provided 
that  reassembly  is  not  too  difficult  and  com- 
plicated, and  this  point  should  be  considered 
in  its  design.  Oftentimes,  the  addition  of 
base  holes  of  proper  strength  would  make  it 
possible  to  bolt  the  material  to  skids,  elim- 
inating much  expensive  blocking  in  the  case 
and  providing  a  much  more  stable  and  secure 
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the  skid  or  where  it  is  necessary  that  the  skids 

project  considerably  beyond  the  contents  to 

tability  to  tin-  package,  it  is  particularly 

necessary  that  the  skids  have  a  large  factor 
of  safety.  The  sides  and  ends  of  the  pack- 
age should  always  be  of  sufficient  strength  to 
support  the  weight  of  other  cases  which  may 
be  stored  on  top  of  it  in  the  ships  hold  or  in 
the  warehouse.  Packages  which  are  long  in 
comparison  with  their  height  should  always 
be  braced  vertically  in  the  center  to  prevent 
collapse  and  diagonal  braces  should  be  used  to 
prevent  racking.  With  diagonal  braces  it  is 
very  important  that  they  be  placed  at  an 
angle  not  to  exceed  45  degrees,  since  at 
greater  angles  than  this  they  lose  much  of 
their  efficiency.  The  contents  should  always 
be  firmly  braced  against  movement  in  any 
direction  inside  the  container  and  braces 
should  be  so  placed  that  they  engage  as 
many  boards  as  possible  so  as  to  distribute 
the  strain  over  a  large  area.  Wherever 
possible  the  construction  of  the  large  package 
should  be  of  sufficient  strength  that  it  will 
ride  safely  in  other  position  than  upright  as 
there  is  never  a  certainty,  even  though  the 
package  be  so  stenciled,  that  it  will  always  K 
handled  in  an  upright  position. 

Details  of  Case  and  Crate  Construction 

Much  of  the  strength  of  a  case  or  crate 
necessarily  depends  upon  the  quality  of 
lumber  used  in  its  construction  and  upon  the 
method  of  fastening  it  together.  The  species 
of  lumber  used  is  not  as  important  a  matter 
except  in  special  cases,  as  that  the  lumber  be 
thoroughly  seasoned.  When  green  lumber  is 
used,  the  container  loses  much  of  its  strength 
when  it  drys  out,  due  chiefly  to  the  loosening 
of  the  nails.  The  use  of  hardwood  often 
results  in  economy,  as  lumber  25  per  cent 
less  in  thickness  can  be  used  owing  to  its  great- 
er inherent  strength  and  greater  holding  power 
for  nails  and  fastenings.  Proper  nailing  is  of 
the  utmost  importance  as  an  inadequate 
number  of  nails  or  improperly  placed  nails 
make  weak  containers.  Nails  should  always  be 
cement  coated  as  this  type  of  nail  has  approxi- 
mately 30  per  cent  more  holding  power  than 
the  plain  nail.  All  boxes  and  crates  for  export 
shipment  should  be  metal  strapped,  as  strap- 
ping greatly  increases  the  strength  of  the 
container.  Flat  band  unannealed  steel  strap 
should  be  used  and  it  is  very  important  that 
the  strap  be  stretched  to  maximum  tension 
with  a  mechanical  stretcher  before  nailing  it 
onto  the  container.  Strap  which  is  not 
stretched  before  nailing  bulges  excessively 
between  the  nails  wdien  the  container  dr 


and  makes  it  very  difficult  to  handle  in  the 
warehouse  because  the  loops  in  the  strap 
catch  on  other  packages.  Where  bolts  are 
used  to  fasten  the  contents  to  the  skids,  the 
heads  should  be  countersunk  so  that  they 
are  flush  with  the  skid  bottom.  When  the 
bolt  heads  project  below  the  bottom  of  the 
skid,  they  make  it  difficult  properly  to  use 
rollers  under  the  package.  The  threads  on  the 
bolt  over  the  nut  should  be  upset  to  prevent 
the  nut  from  working  loi  >si 

Marking 

Although  of  equal  importance  to  packing, 
marking  is  an  operation  to  which  proper 
attention  is  often  not  given.  Improper  or 
insufficient  marking  may  result  in  delays  in 
transportation,  delays  in  the  warehouse,  the 
imposition  of  fines  by  foreign  Customs 
Houses,  or  even  in  complete  loss  of  the  pack- 
age. All  marks  should  be  stenciled.  Brush 
marks  are  indistinct,  occupy  too  much  space 
and  are  often  illegible.  The  marking  fluid 
should  be  strictly  waterproof  and  of  a  quality 
that  the  marks  will  be  permanent.  Each 
mark  on  the  package  should  have  its  special 
location.  Xo  other  thing  would  be  of  more 
help  to  transportation  men  and  warehouse 
men  than  if  a  standard  marking  scheme  w<  >uld 
be  put  into  effect  by  all  manufacturers  with 
special  reference  to  the  location  of  the  marks. 
Packages  are  often  seen  which  are  com- 
pletely covered  with  marks  making  it  neces- 
sary to  turn  the  case  over  on  all  sides  to  get 
the  required  information.  On  export  pack- 
ages the  two  sides  of  the  case  should  be 
reserved  for  the  consigning  marks  or  symbol, 
the  port  mark  and  the  case  number,  no  other 
marks  being  placed  on  these  faces  of  the 
package.  These  marks  are  always  written 
in  larger  letters  than  any  of  the  other  marks 
on  the  case  as  they  are  the  most  important 
from  the  transportation  standpoint.  On  the 
ends  of  the  case  are  placed  the  requisition 
number,  and  the  gross  and  net  weights;  the 
measure  and  the  case  number  are  repeated. 
On  large  cases  these  marks  are  stenciled  in 
l34-inch  letters.  The  marking  of  smaller 
packages  is  the  same  as  the  marking  of  the 
large  with  respect  to  the  location  of  the  marks 
1  >ut  smaller  letters  are  used.  The  port  marks, 
consigning  marks,  and  case  number  on  the 
sides  are  in  smaller  letters  and  the  marks  on 
the  ends  are  stenciled  in  J  g-inch  letters.  The 
marking  of  domestic  packages  is  similar  to 
the  marking  of  those  for  export,  except  the 
measure  and  the  net  weight  are  omitted  and 
the  destination  of  the  package  takes  the  place 
of  the  port  mark. 
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Bibliography  on  Freight  Handling 

By  R.  F.  Emekson 
Power  and  Minim,  Engineering  Department,  General  Hi  e<  ikm   Company 


TT  has  been  esti- 
*■  mated  that  the  cost 
of  handling  freight  at 
the  two  terminals  of 
the  average  length 
freight  haul  is  about 
50  per  cent  of  the 
total  transportation 
charge.  A.  H.  Smith, 
president  of  the  New 
York  Central  Rail- 
road, is  quoted  as 
saying  that  it  costs 
r.  f.  Emerson  more     to     handle     a 

barrel  of  flour  in  New 
York  City  than  to  bring  it  there  from  Chicago. 
The  reduction  of  this  high  cost  of  handling 
freight  at  terminals  has  naturally  been  the 
object  of  considerable  study  on  the  part  of 
terminal  engineers  and  others. 

Many  accounts  have  appeared  in  the 
technical  press  of  the  manner  in  which 
Cincinnati  has  endeavored  to  solve  one  phase 
of  this  problem  by  substituting  motor  truck- 
ing combined  with  demountable  freight  car 
bodies  in  place  of  the  usual  wasteful  method 
of  shunting  freight  cars.  The  railroads  having 
terminals  in  Cincinnati  are  using  five-ton 
vehicles  with  detachable  bodies.  Two  of 
these  bodies  fit  an  ordinary  flat  freight  car. 
Detaching  the  car  bodies  loaded  with  goods 
immediately  after  arriving  at  its  destination 
allows  the  car  to  receive  two  empty  bodies 
and  to  be  put  into  active  use  again,  rather 
than  standing  idle  on  a  railroad  siding. 

Furthermore,  the  large  increase  in  the 
amount  of  export  freight  since  the  beginning 
of  the  European  war  has  shown  the  inade- 
quacy of  our  freight  handling  equipment  at 
our  ports.  New  York  City  with  one  of  the 
best  natural  harbors  in  the  world,  and  having 
more  than  double  the  water  frontage  of  either 
Hamburg,  London  or  Liverpool,  is  no  where 
near  as  well  equipped  with  freight  handling 
equipment  on  the  water-front  as  these 
European  ports.  That  this  condition  is  being 
recognized  is  evidenced  by  the  fact  that 
representatives  from  the  Department  of 
Docks  and  Ferries,  together  with  representa- 
tives from  all  the  leading  steamship  lines 
entering  New  York  City,  have  conferred  as 
to  the  very  best  freight  handling  methods 


i' i  be  installed  for  the  LOOO-foot  pier  at  West 
46th  St.,  on  the  Hudson  River;  also,  the 
harbor  congestion  at  San  Francisco  has  been 
the  subject  of  an  investigation  by  Miles 
Standish  of  the  Harbor  Commission  and 
F.  E.  Boyd,  Manager  of  the  Small  Motors 
1  )<i  lartment,  of  the  General  Electric  Company 
at  San  Francisco. 

The  problem  of  material  handling  is  not  by 
any  means  confined  to  railway  and  marine 
terminals.  The  same  problems  exist  in  many 
of  our  factories  and  many  articles  have  been 
written  on  the  improved  results  obtained  in 
handling  material  in  automobile  factories, 
foundries,  warehouses,  rubber  mills,  etc.,  by 
making  use  of  various  types  of  conveyors, 
trucks,  elevators,  cranes,  hand  cars,  and  other 
devices. 

The  following  bibliography  gives  a  partial 
list  of  articles  on  the  general  subject  of 
material  handling  that  have  appeared  in  the 
technical  press  since  1914.  A  short  descrip- 
tion is  given  after  each  listing,  which  may  be 
of  assistance  to  those  seeking  information  on 
the  subject. 

1915 

Three-phase  Electric  Cranes  at  the  Purl  of  Bordeaux, 
Anon. 
Elec.  Review,  London,  May  LMst,  1915. 

Describes  features  of  the  six  large  electric  cranes 
installed  on  the  Queyries  Wharves. 

Past,  Present  and  Future  Freight  Handling,  J.  F. 
Coleman. 
Pro.  Am.  Assoc.  Port  Authorities.    No.  60906  N. 
Questions    of    hand    labor    or    machinery    on 
wharves. 

Transfer  Facilities  at  Marine  Terminals  (Illus.  I, 
H.  McL.  Harding. 
Int.  Marine  Engr.,  March,  1915,  Vol.  XX,  No.  3, 
page  98. 
Designs  for  equipment  for  economical  loading 
and  discharging  of  vessels;  relative  costs  of 
different  methods. 

Mechanical  Conveyors  and  Their  Influence  on  the 
Development  of  the  Country  Tributary  to 
Ports  (Serial  1st  part),  Hans  Wettich. 
Zeitschrift  des  Vereines. 
Deutscher  Ingenieure,  Sept.  4,  1915. 

General  discussion  and  series  of  examples. 

The  Latest  Developments  in  the  Field  of  Mechanical 
Loading  and  Unloading  of  Vessels  (Serial 
1st  part),  Curt  Brecht, 
Annalen  fur  Gewerbe  und  Banwesen,   L.  Glaser, 
April  15,  1915. 
Description  of  series  of  new  devices. 
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How  to  Mai     i  ndling  More  Efficient,  H. 

M.  Harding  and  |.  A.   Jackson. 
Engr.  Rei  .  De<  .   I.  L915. 

General  di  oper  equipment  l"f >r 

terminal  plants  and  value  of  educational 
work  and  investigation. 

Freight  Handling  at  uba,  Anon. 

Int.   Marine  Eng.   March    L915,  Vol.  XX.    No.  3, 

page  1  16. 
Xew    re-inforced   concrete   steamship    piers   at 
Havana  equipped  with  i   <ns  for 

handling  freight;  description  of  two  esca- 
lators. 

Freight    Handling   at    Railway    Marine    Terminals 
,  i      A.  Hardy. 
Int.  Marine  Eng.,   March.  L915,  Vol.  XX,  Xo.  3, 
page  103 
Di  irrangement  of  steamship  pier, 

with  overhead  and  gantry  travelling  cranes 
for  handling  freight. 

Marine  Terminal  Machinery,  H.  Sawyer. 
Int.   Marine   Eng.,   March,   1915,  p'age   109 
XX,  No.  3. 
Location  of  cargo-handling  machinery  on  pier 
vs.  location  on  shipboard, — different  types 
of  cargo  handling  machinery  compared — 
relative    arrangement    of    adjacent  freight 
sheds  and  railway  tracks. 

Points  of  Attack  in  the  Terminal  Problem  (Illus.  >, 
J.  A.  Jackson. 
Int.  Marine  Eng.,   March,   1915,  page   111,   Vol. 
XX;   No.  3. 
Possibilities  for  reduction  of  terminal  charges 
for   handling  freight.     Faults  to  be 
come  in  the  existing  conditions. 

Possibilities  Open  to  Central  Stations  in  Solving  the 
Freight  Terminal  Problem,  J.  A.  Jackson. 
G.  E.  Review,  December,  1915,  page  1143,  Vol.  18. 
Large  percentage  of  total  transportation  charges 
is  the  handling  charge  at  terminals — can  be 
reduced  by  use  of  electrically-operated 
mechanical  devices. 

Transfer    Facilities   at    Marine    Terminals    (Illus.), 
H.  M.  Harding. 
Int.  Marine  Eng.,   March,  1915,  Vol.  XX.   I 
Plans  and  designs  for  equipment  for  economical 
loading     and     discharging    of    vessels    at 
marine  terminals. 

Unloading  Cargoes  by  Portable  Machines     1 
Anon. 
Int.  Marine  Eng.,  March,  1915,  Vol.  XX. 
page  In"). 
Successful  i  of  two  conveyors  at  Port 

iif  New  Orleans  for  loading  and  unloading 
ships'  cargoes — weight  of  single  pieces,  run- 
ning from  95  to  700  lb. — varying  in  bulk 
and  shape. 

Electric  Trucking  at  the   X.   Y.   Terminals  of  the 
Southern  Pacific  Steampship  I 
Anon. 
Int.  Marine  Eng.,  March,  1915,  Vol.  XX.  No.  :;, 
page  102. 
Results    obtained    by    substitution    of    electric 
storage    battery    trucks    for    hand    trucks 
used. 


Nets    in    Freight     Movements,    R.    H. 
rs. 
International   Marine   Engineering,   Marcl 
page  107. 
The  desirability  of  warehouse  systems  at  our 
coast  cities,  also  cities  bordering  on  large 
productive   areas    is    emphasized    because 
warehouses  tend  to  smooth  out  the  peaks 
and  valleys  of  supply  and  demand. 

Tlie  Modern  Trend  in  American  Marine  Terminals, 
R.  H.  Rogers. 
Paper  presi  International  Engineering 

Congress,  September,  1915 
Improvements  are  noted  in  the  way  of  winches, 
conveyors,  cranes,  industrial  tru<  1 
pullers,  automatic  weighing  machines, 
tery  charging  devices,  etc.,  tending  to 
promote  safety,  dispatch,  economy  and 
service. 

Cargo  Handling  Methods  and  Appliances,  J.  A. 
Jackson. 
Paper  presented  before  International  Engineering 
Congress,  San  Francisco,  Calif.,  September, 
L915. 
Freight  is  classified  as  bulk  freight,  line  freight, 
and  miscellaneous  or  package  freight. 
Past  and  present  methods  of  handling 
freight  are  compared  with  suggestions  for 
improving  cargo  handling  methods. 

The  Handling  of  Freight  in  Terminals,  R.  H.  Rogers. 
Paper  presented  before  A.I.E.E.,  June  29.  Id  15. 
The  principal  methods  used  for  package  freight 
handling  are  storage  battery  vehicles  such 
as    commercial    trucks    of   various 
monorail     devices     conveyors,      d<  i 
winches  and  different  kinds  of  cranes.    The 
advantages    of    electric    motor    drive   for 
these  devices  are  emphasized. 

1916 

The     Donald     Portable    Ship    Elevator    Convevor 
(Illus.  I,  G.  F.  Zimmer. 
Engrg.,  Nov.  -'4.  1916,  page  503.  Vol.  102. 

Designed  for  loading  miscellaneous  cargo  in  and 
out  of  ships. 

The  Development  of  Appliances  for  Handling  Raw 
Materials  and   Merchandise  at   Ports  and 
Other  Large  Centers,  Sir  J.  P.  Griffith, 
ute  C.  E.,  Oct.  24,  1910. 
James  Forrest,  Lecture. 

Continuous    Package    Elevators,    on    Philadelphia 
Piers  (Illus.),  H.  I.  Edsall. 
Eng.    News,   Aug.   31,    1916,   page   406,  Vol.  76, 

Detailed  description — power  requirements — 
performance,  etc. 

Helping  the  Electric  Stevedore  (Illus.),  H.  (' 

Int.  'Marine  Eng.,<  ictober,  1916, page 448,  Vol.  21. 

Practical  hints  for  improving  the  service  of 
industrial  trucks,  tractors  and  trailers  at 
steamship  piers. 

of    Cargo    Handling    in    American    Marine 
Terminals,  J.  A.  Jackson  and  R.  H.  Rogers. 
G.  E.  Review,  February,  1916. 

Discussion  of  various  types  of  mechanical  de- 
vices for  handling  !  1  i  bulk  freight,  i2  I  live 
freight,  (3)  miscellaneous  package  freight. 
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How  Electricity  is  Harnessed  to  Terminal  Work, 
R.  H.  Rogers. 
Published  in  International  Marine  Eng.,  October, 
1916. 
Moving  freight  by  electricity  —  source  of  the 
power — generator,  transformers,  motors 
and  control  devices — methods  of  braking 
storage  battery  trucks. 

Portable    Machinery    for    Package     Freight     Han- 
dling, R.  H.  Rogers. 
G.  E.  Review,  June,  1916. 

Author  points  out  the  great  variety  of  shapes, 
weights  and  dimensions  in  which  package 
freight  comes  to  terminals,  piers  and 
warehouses.  The  adaptability  of  various 
mechanical  devices  to  meet  these  various 
requirements  is  discussed. 

Selection  of  Electrical  Apparatus  for  Cranes,  R.  H. 
McLain  and  J.  A.  Jackson. 
G.  E.  Review,  June,  1916. 

Different  classes  of  service  for  which  cranes 
might  be  used,  methods  and  examples  of 
figuring  horse  power  of  crane  motors — 
description  of  electrical  control  equipments. 

Mechanical  Equipment  Used  in  the  Port  of  New 
Orleans  (Illus.),  William  Von  Phul. 
A.S.M.E.  Journal,  Julv,  1916,  Vol.  38,  pages  515- 
528. 
Gives  descriptions  of  various  methods  of  han- 
dling the  different  kinds  of  freight  which 
come  into  the  port  of  New  Orleans. 

Competing  Marine  Terminals  at  Seaports,  H.  McL. 
Harding. 
Int.  Marine  Eng.,  October,  1916,  Vol.  21,  page 
455. 
Sea-ports  must  provide  better  terminal  facili- 
ties, such  as  transferring  and  handling 
machinery — lessons  from  European  cities. 

Portable    Loading    and    Unloading     Machines    for 
Marine  Terminals  (Illus.),  Harwood  Frost. 
Int.  Marine  Eng.,  October,  1916,  Vol.  21. 

Application  of  "Brown-Portable"  machines  to 
wide  variety  of  uses  in  loading  and  unload- 
ing package  freight. 

Motor    Trucks    at    Steamship    Terminals,    H.    C. 
Hutchins  and  H.  W.  Perry. 
Int.  Marine  Eng.,  October,  1916,  page  441. 

Average  saving  of  over  36  per  cent  in  ton-mile 
cost  of  handling  with  motor  vehicles — 
other  benefits. 

Freight  Handling  Through  Unoccupied  Terminal 
Space  (Illus.),  S.  H.  Libby. 
Int.  Marine  Eng.,  October,  1916,  Vol.  21,  page 
459. 
Utilization  of  hitherto  unused  or  waste  space 
over  storage  piles  for  mechanical  trans- 
ference of  freight. 

The  Economics  of  Material  Handling  in  Manu- 
facturing Plants,  Reginald  Trantschold. 
Industrial  Management,  Vol.  52,  page  231,  No- 
vember, 1916. 
Analysis  of  speed,  capacity,  costs  and  deprecia- 
tion charges  of  elevating  and  hoisting  con- 
veyors with  charts  showing  their  various 
relations. 


1917 

Telphers  and  Transporters,  George  Frederick  Zim- 
mer  (Illus.) 
Elec'n.,  December  11.  1917  (Special  Number). 
Compares  merits  of  telphers  and  conveyors,  de- 
scribes types   of    telphers  in   use  and   per- 
formances that  may  be  expected. 

30-ton    Electric    Traverser,    Moor    Street     Station, 
G.  W.  R.  Birmingham,  Illus.  and  Plate. 
Engineering,  March  9,  1917,  Vol.  103,  page  222. 
Detailed     description,     method     of     driving — 
capacity — results  of  tests. 

Handling  Materials  (Illus.),  Anon. 
Iron  Age,  Feb.  22,  1917. 

Contrivances  for  conveying  and  for  storing. 

The  Equipment  of  Railway  Goods  Stations  with 
Electrical  Machinery  for  Dealing  with 
General  Merchandise  (Illus.),  Roger  T. 
Smith. 
Elec'n.,  Dec.  14,  1917.  Vol.  80,  No.  11,  page  376. 
Considers  electricity  superior  to  any  other 
motive  power,  examples  given  of  cranes, 
capstans,  conveyors,  traversers,  etc.,  used 
in  four  modern  stations  of  the  Great 
Western  Railway. 

The  Present  Day  Handling   of  Our  Foodstuffs  by 
Machinery,  Anon. 
Elec'n,  Dec.   14,   1917   (special  number),  Vol.  80, 
page  388. 
Examples  of  the  conveyor  applied  to  handling 
important  foodstuffs. 

The    Modern    Cargo     Crane    (Illus.),    Claude    M. 
Toplis. 
Electrician,  Dec.  14,  1917,  Vol.  80,  page  410. 
Relative  advantages  of  the  electric,  steam  and 
hydraulic  types.     Typical  designs    briefly 
given. 

Handling  Freight  on  New  York's  New  Steamship 
Pier,  C.  W.  Stamford. 
Engr.  News-Record,  Vol.  79,  Dec.  6,  1917,  page 
1058. 
Equipment  details  for  40th  St.  wharf  on 
Hudson  River.  Plans  of  upper  and  lower 
floors  of  piers  are  shown,  indicating 
freight  handling  layout. 

Time    Savers    in    Handling    Material,    William    P. 
Kennedy. 
Ind.  Management,  March,  1917. 

Devices  such  as  demountable  bodies,  dumping 
bodies,  trailers,  portable  elevating  devices, 
cranes,  conveyors,  etc.,  that  enable  motor 
trucks  to  do  effective  work. 

Handling  Freight  in  Shipping  and  Store  Rooms 
(Illus.),  Horace  Goldstein 
Ind.  Management,  July,  1917,  Vol.  53,  page  529. 
Describes  freight  handling  machinery  for  store- 
rooms, first  for  storing  or  tiering,  second, 
for  lowering  and  elevating,  and  third,  for 
transferring  considerable  distances. 

Factory   Transportation    (Illus.),  Edward  K.  Ham- 
mond. 
Machinery,   July,   1917  (Serial,  1st  part). 

Reviews  existing  methods  of  moving  work  in 
the  factory. 
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Electric  Trucks     A   Remed)    for  Terminal  Freight 
Cong<    tion  l  111"      .  Anon. 
World,  April,  L917,Vol.69,  No.  L5,  page  692. 
Enormous    off-peak    load    in    battery    I 

available  to  central  stations.  Bush 
Terminal.  N.  Y.,  uses  12,000,000  kw-hr. 
annually. 

Handling  of  L.  C.  I..  Freight  in  Warehouses  and  on 
oi  ill.    ML  K.  &  T.  Rwy.,  Anon, 
Railway  Review,  Sept.  I,  1917,  Vol.  61,  No.  9 
255. 

A  critical  review  ol  faciUtie  and  methods — 
"  drop  truck "  system  of  handling  recom- 
mended in  plai  e  ol  "  gang  "    j    I  em. 

I' sing    Electrii     I.ili     Bridgi       to    Reduce    Trucking 
Distances    on    Freight     Platforms   (Illus.), 

Alll    Ill 

Sci.  Am..  1-M.    Hi,  1917,  page  157. 

The  Ai.  hi  on,  Topeka  &  Santa  Fe  Railroad  at 
Los  Angeles  uses  lift  bridges  to  transport 
packages  from  one  platform  to  another  over 
intervening  trai  1 

Waterway  Transportation   for  General  Electri<   Co. 

Traffic  (Illus.),  R.  H.  Rogers. 
G.  E.  Review,  June,  1917. 

Possibilities  i  if  waterway  transportation  between 
plants  of  the  General  Electric  Co. — includes 
plans  of  a  suitable  boat.  Importance  of 
terminal  facilities  is  emphasized. 

Handling  Freight  Faster  with  Fewer  Men,  F.  C. 
Myers. 
Rwy.  Age  Gazette,  Dec.  7,  1917,  Vol.  63,  pages 
1039  KI42. 
By  using  electric  trucks,  one  road  moved  60 
per  cent  more  freight  with  42  per  cent  less 
labor. 

The    Electric    Vehicle   as   a    Load    for   the    Central 
Station,  C.  A.  Ruhr. 
G.  E.  Review,  May,  1917,  page  .",77. 

Article  points  out  thai  the  use  of  the  electric 
vehicle  means  off-peak  business  and  table  is 
given  showing  annual  income  per  kilowatt 
of  plant  equipment  for  2-ton  electric  truck- 
compared  with  other  installations. 

1918 

Typical    Mechanical     Handling     of     Miscellaneous 
Articles  (Illus.),  A.  B.  Proal,  Jr. 
Industrial  Management,  Vol.  55,  fune,  1918,  page 
453. 

Gives  typical  installations  for  handling  classified 
material.  No  conveyor  is  capable  of  han- 
dling all  kinds  of  goods. 

How  to  Move  Materials  by  Machinery  (Illus.), 
Henry  J.  Edsall. 
Industrial  Management,  July,  1918,  Vol.  56. 
Applications  ol  van. .us  types  of  elevating  and 
conveying  machinery  to  load,  unload  and 
transport  various  materials  in  industrial 
plants. 

Driving  Power  Required  by  Conveyors  of  Various 

Types,  R.  F.  Muirhead. 
Car  Eng^  Monthly,  August,  L918. 

Power  required  to  transmit  material  between 
given  terminals  and  power  consumption. 


Bridge    Motoi       Eoi    Overhead     ["ravelling  Cranes, 
R.  H.  McLain. 
Am.  I.S.E.E.,  September,  L918. 

Rules  for  selecting  thi  i    motor  and 

gear  ratio  for  bridge  motion. 

How    Freight    Handling   Machinery  is  Being  Used 
id,  Harry  Varndell. 
Engr    \.  ■'•     Record,  Vol.  80,  pages  713  715,  April 
11,  1918. 

An     illustrated     articli      describing     portable 
elevator-gravity   roller   stacking   machines, 
etc.,    now    being   used,   due    to    scarcity   of 
laboi 
Handling    Freight     on     Inland    Waterways    (Illus.), 
II.   M.I..  Harding. 
Int.  Mar.  Engr.,  Vol.  23,  No.  12,  December,  1918, 
■   667. 
Advantages    of    effective    inland     terminals — 
operating     costs     small — importance     of 
mechanical  method  . 

or    Scheme    for    Handling,     N.     V.     City's 
Package  Freight  (Illus.;,  Anon. 
Rwy.  Age,  Sept.  6,  Id  is,  Vol.  65,  No.  10,  page  455. 

Suggested  layout  of  warehouses,  piers  and  con- 
veyors on  New  York  and  New  Jersey  sides 
of  the  river. 

Freight  Handling  in  the  Panama  Canal  (Illus.),  Anon. 
Int.  Marine  Eng.,  January,  1918. 

Introduction  of  storage  battery  trucks  in  1915 
revolutionizes  methods — operating  costs. 

Plan    Proposed    to  Relieve    Freight    Congestion  in 
New  York,  Anon. 
Elec.  Rev.,  Feb.  16,  1918,  Vol.  72,  No.  7,  page  300. 

Conference  between  railroad  managers  and  city 
business  men  results  in  a  plan  put  for- 
ward for  using  city's  trucking  facilities  for 
handling  L.  C.  L.  freight  —  railroads  to 
di  liver  L.  C.  L.  freight  at  warehouses  im- 
mediately instead  of  holding  for  con- 
signee's pleasure.  Plan  has  worked  well  in 
England. 

Electric    Cargo    Winches   (Illus.),    E.    F.    Whitney. 
G.  E.  Review,  February,  1918. 

Duty    of    cargo   winches  defined.     Electrically 

operated  winches  are  superior  to  steam 
operated  winches  in  meeting  these  require- 
ments. 

Electric  Tractors  and  Trucks  in  Freighthouse 
Service,  Anon. 
Railway  Review,  February  Hi,  1918,  Vol.  62, 
X<  i.  7,  page  247). 
Competitive  tests  between  hand  trucks  and 
electric  trucks  in  handling  package  freight 
— different  types  of  trucks  and  tractors 
are  compared. 

1919 

The  Mechanical  Handling  of  Materials,  P.  G. 
Donald. 
The  Electrican  (London)  Jan.  Hi,  1910,  page  29. 
The  excuses  given  by  firms  for  not  adopting 
mechanical  handling  generally  takes  the 
form  of  (1)  no  room,  (2)  insufficient  power, 
(3  i  the  works  are  too  old.  After  discussing 
these  objections,  the  author  deals  with 
the  value  of  such  plant  as  an  investment, 
the  speed  that  is  desirable,  the  importance 
of  a  suitable  layout,  etc. 
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Port  Facilities  and  Freight  Handling,  Anon. 
Journal  of  Electricity,  April  1,  1919. 

A  rough  outline  of  a  possible  plan  for  improving 
San  Francisco's  harbor  to  meet  expanding 
commerce  in  peace  times,  includes  an  in- 
crease in  efficiency  through  the  adoption 
of  mechanical  freight  handling  facilities. 

The  Gravity  Roller  Runway,  G.  F.  Zimmer. 

The  Electrician  (London),  Vol.  82,  Jan.  10,  1919, 
page  33. 
The  author  deals  in  some  detail  with  the  com- 
ponent parts  of  roller  runways,  also 
illustrates  spiral  chutes,  portable  humpers, 
stackers,  "gadgets,"  etc. 

Electrically  Operated  Dock  Cranes,  Anon. 
Journal  of  Electricity,  Vol.  43,  Oct.  1.5,  1919. 
Article  gives  principal  dimensions,  speeds  and 
capacities  of  four  semi-portal  bridge  type 
wharf  cranes,  furnished  by  Wellman-Seaver- 
Morgan  Co.,  for  U.  S.  Army  Supply  Base, 
Boston. 

Labor  Substituted  by  Electric  Truck  in  Warehouse, 

D.  L.  Darnell. 

Electrical  Review,  Sept.  13,  1919,  page  441. 

Two  general  systems,  the  tractor  with  trailers 

and  the  load-carrying  truck  are  suggested 

for  application  to  warehouse  installations. 

Electric   Trucks   and    Tractors   in    Printing    Plants, 
Bernard  J.  Dillon. 
Electrical  Review,  Nov.  29,  1919,  page  896. 

The  advantage  of  this  class  of  apparatus  in 
printing  plants  is  considered,  also  methods 
of  applying  electric  apparatus  to  the  han- 
dling problems  of  such  plants. 

Shipments  Handled  by  Electrical  Auto-mechanical 
Equipments,  Zenas  W.  Carter. 
Electrical  Review,  Dec.  6,  1919,  page  939. 

How  electrical  equipment  can  and  is  already 
solving  the  freight  terminal  problem.  The 
Gattie  system  in  London-Cincinnati  ex- 
perience. 

Port  Facilities  and  Freight  Handling. 

Journal  of  Electricity,  Vol.  42,  April  1,  1919. 
Extracted  from  report  for  San  Francisco  Cham- 
ber of  Commerce,  describing  methods  of 
improving  congested  freight  conditions  in 
San  Francisco  harbor,  to  meet  expanding 
commerce  by  means  of  mechanical  freight 
handling  devices. 

Industrial  Electric  Trucks  and  Tractors  in  Machine 
Shops,  Bernard  J.  Dillon. 
Electrical  Review,  Vol.  7.5,  Oct.  25,  1919. 

Illustrating  various  applications  to  hauling 
materials  around  shop  and  lifting  them 
on  to  machines. 

Motor  Trucks  and  the  Problem  of  Efficient  Marine- 
Freight    Terminal    Operation,    I,    II,  III., 
Merrill  G.  Home. 
Int.    Marine    Eng.,   Vol.  24,    Nos.  8,  9,  and   10, 
August,  September  and  October,  1919. 

August — Discussion  of  inter-relation  of  rail- 
roads, transfer  drays  and  steamships  with 
piers  and  warehouses. 

September — Comparison  of  horse  dray  with 
motor  carriers,  also  discussion  of  value 
of  store-door  delivery. 


Octobet  Emphasizi  ■  thai  weak  link  of  our 
transportation  facilities  as  applied  to 
overseas  commerce  is  not  in  railroads  or 
ocean  carriers,  but  in  methods  and  facilities 
employed  for  handling  freight  at  marine 
terminals. 

Use  of  Industrial  Electric  Trucks  and  Tractors  in 
Warehouses,  Bernard  f.  Dillon. 
Electrical  Review,  Vol.  7.5,  No.  9,  August,  1919, 
page  345. 
Application  oi  such  equipments  to  handling 
problems  of  warehouses  and  storage  places 
of  all  types — difficulties  encountered  in  ap- 
plication—analysis of  handling  operations. 

Use  of  Industrial  Electric  Trucks  and  Tractors  by 
Railroads,  Bernard  J.  Dillon. 
Elec.  Review,  Vol.  74,  No.  26,  June  28,  1919. 
Methods  of  application  in  handling  freight  and 
baggage — methods    of    application — diffi- 
culties encountered  in  operation. 

Industrial    Electric    Trucks,    Tractors   and    Narrow 
Gauge  Locomotives,  Ravmond  J.  Mitchell 
Elec'n.,  Vol.  82,  No.  2121,  Jan.   10,  1919. 

Conditions  under  which  electric  trucks  are  to 
be  desired — rapidity  with  which  goods  may 
be  handled  —  main  features  of  electric 
trucks  now  on  the  market — results  achieved 
at  the  Mantua  Transfer  Station  of  the 
Pennsylvania  Railway. 

Light  as  an  Aid  to  the  Transportation  of  Material, 
A.  L.  Powell  and  R.  E.  Harrington. 
Trans.  Ilium.  Eng.  Soc,  Vol.  14,  No.  1,  Feb.  10, 
1919. 
Article  states  that  proper  lighting  of  stations, 
warehouses  and  piers  increase  their 
capacity,  which  in  turn  depends  on  speed 
with  which  material  moves  through  them. 

Electric  Truck  as  a  Means  of  Shop  Transportation. 
Con.  Mchy.,  Vol.  21,  No.  .5,  Jan.  30,  1919. 

Illustrates  uses  of  electrical  storage  battery 
trucks  in  industry  for  automatic  transpor- 
tation in  loading  and  unloading  ships  and 
railway  cars,  and  in  the  machine  shop, 
tire  factory,  textile  mill  and  electric  wire 
insulating  and  manufacturing  plants. 

Coming  Mechanical  Devices  thai   Will  Make  Ship- 
loading  Economical,  Anon. 
Int.  Marine  Eng.,  June,  1919. 

Modernizing  port  and  harbor  terminals  by- 
crane  hoists,  overhead  telpher  systems, 
electric  tractors  and  trailers. 

Construction  of  Si.  Louis  Municipal  Wharf,  Anon. 
Railway  Review,  Feb.  22,  1919,  Vol.  64,  No.  8, 
page  275. 
Mainly  a  description  of  the  construction  of 
North  Market  Street  Municipal  Wharf. 
Brief  reference  made  to  cranes,  elevators 
and   conveyors,  which  are  to  be  installed. 

Modernizing  Freight  Handling  Methods,  B.  K.  Price. 
Iron  Trade  Review,  Aug.  7,  1919. 

Distinction  is  made  between  bulk  freight  and 
package  freight  and  advantages  pointed 
out  of  moving  latter  by  means  of  various 
mechanical  appliances. 
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Radical    Departure    in    Loading    Ocean   Freighters 
(Illtis.),  Anon. 
RailwayAge.April  18,1919. Vo 

Erie  Railroad  utilizes  existing  equipment  in  han- 
dling 50 locomotives  direct  from  pier  to  ship. 

Reducing  Cost  of  Handling  Freight  (Illus.),  Anon. 
Railway  Review,  March  22,  1919,  page  453. 
The  Orange  Ave.  Freight  Terminal  of  the  X.  V. 
( '.  R.  R.  in  Cleveland,  is  operated  on  a  basis 
designed  to  reduce  cost  and  time  expendi- 
tures. This  scheme  of  operation  is  made 
possible  through  the  use  of  labor  saving 
equipment  in  conjunction  with  a  scheme 
of  routing  that  permits  the  utilization  of 
this  equipment  to  the  fullest  possible 
advantage. 

Use    of    Electrical    Equipment    on    San    Francisco 
Water  Front,   C.   W.   Geiger. 
Elec.  Review,  June  14,  1919,  page  977. 

The  congested  condition  of  piers  necessitates 
the  adoption  of  industrial  electric  trucks, 
tractors,  conveyors  and  piling  machines — 
description  of  installations — methods  of 
operating. 

Stacking  Device  Simplifies  Freight  Handling  (Illus.), 
Anon. 
Eng.  News,  Nov.  13,  1919,  page  855. 

A  short  article  describing  a  self-driven  electrical 
machine  developed  at  Seattle,  for  lifting 
heavy  bales  and  boxes  (1400  to  2000  lbs.) 
into  place  at  low  cost. 

Speed  Control  of  Induction  Motors  on  Cranes  and 
Hoists  by  Means  of  Solenoid  Load  Brakes 
and   Multiple  Magnet   Brakes,  R.  H.  Mc- 
Lain  and  H.  H.  Vernon. 
G.  E.  Review.  Feb.  1919. 

Mechanical  load  brakes,  electrical  braking, 
solenoid  brakes,  and  multiple  magnet 
brakes  are  defined  and  methods  of  their 
operation  with  revolving  hammer  head 
cranes,  gantry  cranes,  etc.,  are  described. 

What  Freight  Handling  on  Electric  Roads  Requires 
and  Costs  (Illus.),  by  A.  B.  Cole 
Electric  Rwv.  Journal,  Feb.  1,  1919,  Vol.  53,  pages 
219  228 
Points  out  need  of  adequate  freight  terminals, 
and  mechanical  freight  handling  devices. 
Valuable  operating  data  are  given  for 
freight  houses. 

Electric  Trucks  and  Tractors  in  the  Iron  and  Steel 
Industry  (Illus.),  by  B.  J.  Dillon. 
Electrical  Review,  Vol.  75,  No.  13,  page  518. 
Advantages    of    industrial  electrical  apparatus 
in  smelting  plants,  foundries,  etc. 

Electric  Trucks  and  Transportation,  E.  E.  La 
Schum,  Gen'l  Supt.  American  Rwy.  Ex- 
press Company. 
Advantages  of  the  electric  truck  and  compari- 
sons with  other  vehicles.  Operating  data 
of  American  Rwy.  Express  Company. 

Electricity  as  Applied  to  Loading  and  Unloading 
Coal  and  Ore  Boats,  R.  H.  McLain. 
General  Electric  Review,  May,  1919,  page  352. 
This  paper  reviews   briefly   the  histor 

development  in  unloading  boats,  gives  a 
summary  of  modern  methods  of  electrifi- 
cation and  finally  describes  a  number  of 
loading  plants. 


Cai   D  ump  ei   .  I    A    I 

General  Electric  Review,  May,  1919,  page  366 
Two  general  types  of  car-dumpers  are  men- 
tioned, side-dump  type  and  end-dump  type. 
The  former  type,  which  is  more  generally 
used  in  this  country,  is  described  together 
with  methods  of  operation.  Load  curves, 
speed-torque  curves  of  motors,  wiring 
diagrams,  etc.,  are  shown. 

Machinery    to    Help    Solve    the    Problem    of    High 
Wages,  Labor  Shortage  and  Shorter  Hours 
Demand,  Zenas  W.  Cai 
Manufacturers  Record,  Sept.  11,   1919. 

A  number  of  instances  arc  cited  where  different 
manufacturers  and  cities  are  making  use 
of  labor-saving  material  handling  devices, 
together  w:ith  savings  effected  in  time  and 
expense. 

1920 

Freight  Handling  Equipment  at  the  Port  of  Seattle, 
G.  F.  Nicholson. 
Engr.,  Jan.  1,  1920,  page  37. 

A    general    description    of    electrical    tra 

cranes,   conveyors,   elevators,  chutes,  der- 
ricks, etc.,  which  have  been  installed. 

Shuntless  Freight  Terminal,  Anon. 
Am.,  Jan.  10,  1920,  page  42. 
A.  W.  Gattie.  English  engineer,  proposes  to 
abolish  74  stations  in  London  and  have  a 
single  control  station  with  electric  truckers, 
supplemented  by  containers  and  a  fleet  of 
5000  motor  trucks. 

Lightening  the  Stevedore's  Load,  C.  W.  Geiger. 
Sci.  Am.,  March  13,  1920,  page  267. 

A  short  article  illustrating  the  advantages  of  the 
slung  gang-plank  with  conveyor,  over  the 
old  hand-truck  method. 

Appalachian  Corporation  of  New  Orleans  Plans 
§100,000  Conveyor  System  to  Minimize 
Handling  Cost-  Illus.  .  Anon. 
Distribution  and  Warehousing,  May  1920,  Vol.  19, 
pages  46-47. 
Brief  description  of  proposed  §100,000  conveyor 
system — capacity  36  tons  per  hour. 

Motor  Truck  and  Railroad  Freighting,  W.  J.  L. 
Banham. 
Distribution  and  Warehousing,  April,  1920,  Vol. 
19,  pages  49-50. 
Considers  the  extent  to  which  motor  trucks  can 
be  operated  in  competition  with  short-haul 
freight  movement.     Relative  costs  given. 

Linking  Warehouse  and  Railroad  by  Motorization, 
Anon. 
Distribution  and  Warehousing,  April,  1920,  Vol. 
19,  pages  25-30  and  35. 
What  Cincinnati  has  done  in  reducing  cost  of 
transferal  of  goods  on  special  motor  trucks 
with  detachable  bodies  instead  of  shunting 
freight  cars. 

making  Fundamental  of  Terminal  Warehous- 
ing   is    Reduction     of    Handling    Charges 
\non. 
Distribution  and  Warehousing,  Mav,  1920,  Vol.  19, 
pages 
.v    the    East    Waterways    Dock    and    Ware- 
house Co.  reduce  handling  charges  by  use 
of  mechanical  freight  handling  devi 
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How  Electricity  Helps  Solve  the  Package  Freight 
Handling  Problem  (Illus.),  F.  T.  Smith. 
Int.  Marine  Eng.  January,  L920,  Vol.  XXV, 
page  1,  No.  1. 
"It  costs  more  to  load  a  box  of  canned  goods 
on  a  car  at  Chicago,  than  it  does  to  carry 
it  from  Chicago  to  X<\\  York."  New 
electrical  devices  described,  which  will 
reduce  handling  charges. 

Motorizing  Railroad  Terminals  (Illus.),  B.  F.  Fitch. 
Sci.  Am.  Monthly,  May,  1920,  page  448. 

The  use  of  motor  trucks  releases  box  cars  held 
up  at  freight  yards.  (Paper  read  at  the 
Convention  of  the  Materials  Handling 
Machinery  Manufacturers  Association, 
N.  Y.,  Feb.  20,  1920). 

Electric  Auto-mechanical  Freight  Handling,   Zenas 
W.     Carter,     Sec'y,     Material      Handling 
Machinery  Mfgrs.  Association  of  N.   Y. 
Railway  Review,  Feb.  21,  1920,  page  282. 

The  Gattie  system  in  London  and  the  Cin- 
cinnati scheme  are  outlined  as  typical 
installations,  illustrating  uses  of  mechanical 
devices  for  solving  freight  congestion  diffi- 
culties. 

Improvements  in  Bulk  Cargo  Handling,  Anon. 
The  Iron  Age,  Aug.  12,  1920,  page  385. 

A  short  illustrated  article  describing  a  15-ton 
bucket  automatic  ore  unloader  for  the 
Lehigh  Valley  Railroad  Company,  making 
a  complete  cycle  in  50  seconds;  also  a  100- 
ton  car  dumper  for  the  Western  Maryland 
Railroad. 

Saving  Time  in  Loading  Motor  Trucks,  Joseph 
Brinker 
Popular  Science  Monthly,  September,  1920,  page 
34. 
A  popular  article  with  illustrations,  showing 
how  the  loading  of  trucks  at  department 
stores  is  facilitated  by  mechanical  de- 
vices, such  as  belt  conveyors,  sorters,  spiral 
chutes,  etc. 

San  Francisco  Develops  as  a  Coaling  Station, 
Chas.  W.  Geiger. 
Coal  Age,  Vol.  18,  No.  9,  Aug.  26.  1920,  page 
445. 
Newly  installed  barges  can  deliver  coal  at  the 
rate  of  150  tons  per  hour.  The  labor  of 
coaling  is  reduced  to  a  minimum  by  the 
design  of  barges  to  fit  clam  shell  operation. 

The  World's  Largest  Crane,  Anon. 

Scientific  American,  Aug.  21,  1920,  page  178. 
Article  describes  350-ton  crane  installed  at  the 
Philadelphia  Navy  Yard. 

New  Truck  to  Save  Space,  Time  and  Man  Power, 
Anon. 
Chem.  &  Metallurgical  Engineering,  Vol.  23, 
No.  7,  Aug.  18,  1920,  page  296. 
A  short  illustrated  article  describing  a  new 
industrial  truck  put  out  by  the  Lakewood 
Engr.  Co.,  Cleveland,  Ohio,  which  com- 
bines the  function  of  a  tiering  machine 
with  those  of  a  load  carrying  storage 
battery  truck  and  is  called  "Tier- Lift." 
It  can  elevate  a  two-ton  load  76  inches. 


Bulk-cargo   Handling  on  the  Atlantic  Coa  t,  H.  N. 
Turnbull 

<   -:d  Aim-,  Vol.    IS,    No.  S,   Auv.r.t     19,    I'JL'II,    page 
194 

I  >nr    in-  I. illation    will    trail    El  I    30  to    I  ■'■ 

hour  to  ship's  hold  by  lifting  the  car, 
inverting  it,  and  delivering  coal  to  chutes. 
Anoi  hei  in  lallaiion  will  unload  m  arl;  800 
tons  per  hour,  from  the  hold  of  the  ship 
delivering  it  into  cars. 

Quays  More  Economical  Than  Piers  for  Com- 
prehensive' Port,  Capt.  F.  T.  Chambers. 
Engineering  News-Record,  Vol.  85,  No.  12,  Sept. 
16,  1920,  page  556. 
The  advantages  of  a  quick  turn-around  is  shown 
by  estimating  overhead,  port  and  salary 
charges  on  a  ship  of  moderate  size.  Quick 
turn-around  is  made  possible  by  use  of 
-  [ectrical  appliances  such  as  gantry  cranes, 
use  of  burtoning  method,  etc.  Typical 
development  of  a  quay  layout  for  a  port 
is  shown. 

Direct   Current    Crane    Controllers,    H.    D.   James, 
Westinghousc  Elcc.  &  Mfg.  Co. 
The  Electric  Journal,  Sept.  1920,  page  380. 

Advantages  and  disadvantages  of  different 
types  of  controllers,  such  as  hand  type, 
magnetic  type,  etc.,  are  compared. 

The  Cost  of  Inefficiency  at  our  Terminals,  Harwood 
Frost,    Pres.,    Brown   Portable    Machinery 
Co. 
Marine  Engr.,  Sept.,   1920,  page  768. 

Mr.  Frost  points  out  a  waste  of  $400,000,000 
yearly  at  our  terminals  due  to  inefficient 
equipment  and  methods. 

What  Should  be  the  Dimensions  of  a  Shipping 
Pier,  H.  McL.  Harding. 
Engineering  News-Record,  Vol.  85,  No.  24,  Dec. 
9,  1920,  page  1119. 
An  engineering  inquiry  into  the  size  of  piers  and 
ships  for  various  classes  of  ports  and 
service  covers  (1)  Inland  River  Barge 
Piers,  (2)  Inland  River  Ship  Piers,  (3) 
Great  Lakes  Piers,   (4)   Ocean   Ports. 

A  Unit  System  of  Freight  Transportation,  C.  N. 
Winter. 
Scientific  American,  Dec.  11,  1920,  page  595. 
Article  describes  containers  of  10-ton  capacity 
as  adopted  by  the  U.  S.  Railroad  Ad- 
ministration in  inter-water-rail  transport 
on  the  Warrior  River,  in  the  New  Orleans 
district  for  handling  war  supplies.  Five 
of  these  containers  fit  a  flat  car. 

How  Coal  is  Handled  in  South  Africa,  Anon. 

Coal  Age,  Vol.  18,  No.  24,  Dec.  9,  1920,  page  1178. 
Coal  is  placed  in  10-ton  containers,  5  of  which 
arc   placed  on  one   Hat    car   by   crane.      At 
u-i  living    station    containers    can    be    re- 
moved by  crane. 

Mechanical   Handling  of  Gravel  or  Broken  Stone, 
Alan  M.  Jackson. 
Engineering  World,  Dec.,  1920,  page  433. 

Paper  before  conference  of  County  Road 
Superintendents  and  Engineers  shows  that 
slot,  elevator  and  bin  method  proves 
very  successful.  Cost  of  outfit  was 
saved  in  one  season. 
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inery,   William  Schack. 
Paper,  No      10,  1920,  pa  :<    190 

A  consideration  of  tin-  devices  used  in  handling 
raw   materials  as  well  as  the  finished 
pulj)  and  p  i  avoid  loss  of  time 

and  v. 

Si.    Lawrence    Waterway    Project,    from    Bulletin 
i  e,  New  York  City  . 
Engii  V        I,    I  lee.    1920,  page    1 L3. 

;  uction  Criticism  of  New  York's  Port  Problem, 
Anon. 
Engineering  News-Record,  Vol.  85,  X".  26,  Dec. 
2::.   1920,  page   1241. 
Article  quo  i  B.  F.  Cresson's 

paper  entitled  "An  Analysis  of  New  York's 
Po        I  ,"   .lelivered   Dec.    15  before 

New  York  Section  of  Civil  Engineers,  and 
then  quotes  from  the  discussion,  giving 
opinions  from  Pacific  Coast,  Philadelphia, 
Montreal   and   also    a    railroad    viewpoint. 

Tin   World's  Largest  Boilers.  Anon. 

Power,  Vol.  52.  No.  21,  Nov.  23,  1920,  page  828. 
A  short  article  describing  8  boilers  of  the  Ford 
plant  at  River  Rouge,  Mich.  States  that 
1000  tons  of  coal  are  consumed  daily  and 
from  the  time  the  coal  leaves  the  Ford 
mines  in  West  Virginia  and  Kentucky, 
until  it  is  carried  away  as  ashes,  it  is  in  ver 
handled  manually.  All  the  operations  are 
done  mechanically,  dumping,  pulverizing, 
carrying  to  the  bins,  stoking  and  carrying 
ashes  away  in  small  dummy  cars. 

Better  Port  Terminals  to  Develop  Nation's  Com- 
merce. Abstract  from  paper  by  Col.  W. 
J.  Wilgus. 
Engineering  News-Record,  Dec.  30,  1920,  page 
12!  12. 
The  fundamental  requirements  of  piers  for 
ports  are  set  forth,  and  pier  width  is 
mentioned   as   of  special  importance. 

Baltimore's  Port  Development  Policy,  Anon. 
Engineering  News-Record,  Dec.  30,  1920,  page 
1293. 
The  Port  of  Baltimore  has  §10,000,000  im- 
mediately available  for  building  of  new  piers. 
The  port  Development  Commission  of 
Baltimore  has  adopted  nine  general  require- 
ments which  are  set  forth  in  this  article. 
The  fourth  general  requirement  reads: 
"To  obtain  expeditious  movement  of 
cargoes  between  land'and  water  carriers  and 
■  i  maximum  of  economy  by  constructing 
piers  large  enough  to  hold  the  full  contents 
of  vessels  which  can  tie  up  to  them  and  by 
making  proper  provision  for  the  instal- 
lation of  mechanical  appliances  and  facil- 
ities to  move  these  contents  to  or  from 
the  piers  with  the  least  possible  delay  to 
vessels." 

ntable      Bodies      Will     Keep     Your     Truck 

Moving,  by  Joseph  Brinker. 

Popular  Science    Monthly.   Nov.,   1920,  page  38. 

Typical  examples  accompanied  by  illustrations 

are  given   showing   how  various   concerns 

make    use   of   demountable   truck   bodies. 


and    thereby    cut    costs    and 

number  of  trucks  necessary.     Methods  of 

transferring  truck   bodies   are   shown. 

The   Electrician  of   Dec.  31,    1920,  is   known  as 

In    "Fourth  Annual   Materials   Handling  Number." 
A  resume  of  the  contents  of  this  paper  is  as  follows: 

Coal  Handling  in  the  Po      r  H  page  'i.  G.  F. 

Ziniiner. 
A    description    is    given    accompanied    by   dia- 
grams   of     the    conveyors     in     the     British 
Cellulose     and      Chemical     Manufacturing 
any's  plant. 

The  Advantages  of  Mechanical  Handling,  page  9, 
E.  Reed. 
A  number  of  different  .      -  ivitv 

runways,  belt  conveyors,  bucket  elevators, 
etc.  are  described. 

Electrical  Grab  Transporters  lor    Han-Ych-Ping, 
page  14,  H.  J.  Smith. 
The  Han- Yeh- Ping   Iron  and  Coal  Corporation 
is   the    largest  industrial  ing     in 

China,  employing  about  23,000  persons. 
Until  recently  the  work  of  unloading  3000 
tons  per  day  of  raw  material  was  done 
by  coolies,  but  it  was  finally  decided  to 
be  more  economical  to  do  this  by  mechan- 
ical means.  A  description  of  the  material 
handling  equipment  follows. 

Toplis  Horizontal  Luffing  Cranes  for  the  Royal 
Albert  Dock  Extensions,  page  17,  C.  T. 
Pearce. 
Mast  type  of  cranes  being  built  by  Messrs. 
Stothert  and  Pitt,  Ltd.,  for  the  Port  of 
London  Authority,  is  described.  Maxi- 
mum load  is  3  tons  at  radius  of  60  feet  to 
20  feet.  Height  of  lift  above  quay  level  at 
60  feet  radius  is  70  feet. 

Fern.- Concrete  Silos  and  Storage   Bunkers,  page 
20.  W.  Noble  Twelvetrees. 
A  number  of   typical  types   of  grain  silos,   coal 
bunkers,  stone  bunkers  and  miscellaneous 
bunkers  are  described. 

New  Cranes  at  the  Tilbury  Docks,  page  24,  A.  W. 
Campbell. 
The  development  of  the  electric  wharf  crane  is 
traced    and    a    few    unique    examples    of 
cranes  and  controls  are 

Pneumatic  Intake  Plant  for  Road  or  Water  Borne 
Grain,  page  2tj.  M.  Jennings. 
A  flour  mill  installed  at  Messers.  Humphries 
and  Bobbets,  Castle  Flour  Mills,  Bristol, 
is  considered.  Diagrams  and  illustrations 
show  the  general  arrangement  of  the 
penumatic  intake  plant. 

The  Elevator  System  and  Grain  Production,  page 
30,  James  Whitaker. 
A  general   discussion   of   grain   elevators,    also 
sources  of  grain  supply  is  given. 

The  Blaisdell  Distribution,  page  31,  W.  A.  Harris. 
A  description  of  a  particular  type  of   conveyor 
applied    to   storage    problems   is   given. 


BIBLIOGRAPHY  ON  FREIGHT  HANDLING 


379 


Modern  Ropeway  Transport,  page  34,  R.  Kendall. 
Several  cableway  installations  are  described. 


The   New  Unloading  Installations  of  Port  of  Bor- 
deaux (In  French),  Henry  Martin. 
Genie  Civil,  Vol.  77,  No.  1,  July  3,  1920,  page  1. 
Details   of   travelling   cranes   are    given    (Eng. 
Index). 

New  Grain  Unloading  Saves  Time  at  Elevators. 
Railway  Age,  Vol.  69,  No.  3,  July  16,  1920,  page  93. 
Device  said  to  open  car  doors  without  injury 
or  loss  of  time  (Eng.  Index). 

Portable  Stacking  Elevator,  Anon. 

Marine  Engineering,  Oct.  1920,  page  845. 

Description  is  given  of  device  for  elevating 
gunny  bales  weighing  1400  to  2,000  lbs. 
designed  by  Nicholson  and  Whitestone 
for  use  at  Port  of  Seattle. 

Production  Speeding  Machinery,  Anon. 

Industrial  Management,  Illustrated,  Sec,  Oct. 
1920,  page  12. 
Material  handling  methods  in  the  Match 
Industry  and  Steel  Industry,  also  in  coal- 
ing steamships,  handling  scrap  iron  and 
handling  material  in  the  storehouse  are 
illustrated. 

Labor  Saving  Machinery  Expedites  Handling 
Automobiles  at  San  Francisco  for  Export 
Shipment,  Charles  W.  Geiger. 
Distribution  and  Warehousing,  Oct.,  1920,  page  30. 
The  sequence  of  operation  in  handling  auto- 
mobiles from  train  to  steamship  at  the  port 
of  San  Francisco  is  described.  Fewer  men 
are  required  for  this  work  now  than 
formerly,  due  to  new  methods  and  new 
mechanical  appliances. 

New  York's  Freight  Handling  Problem,  Anon. 
Engineering  News-Record,  Vol.  85,  No.  18,  Oct. 
28,  1920,  page  856. 
Extracts  from  paper  presented  before  A.S.C.E. 
by  Charles  D.  Hine,  Erie  R.R.,  points  out 
impossibility  of  enlarging  internal  freight 
yards  or  steamship  piers  and  urges  expedit- 
ing the  short  haul  in  small  units  and 
expansion  of  segregated  groups  of  ware- 
houses at  numerous  points  rather  than  a 
few  warehouses  of  unwieldy  size. 

Conveyors  Speed  Delivery  of  Sacked  Coffee  to 
Ships,  S.  T.  Henry. 
Engineering  News-Record,  Vol.  85,  No.  16,  Oct. 
1920,  page  757. 
Installation  at  Port  of  Santos,  Brazil,  has 
capacity  of  about  3000  sacks  per  hour. 
Conveyors  belt  transport  sacked  coffee 
from  warehouses  to  steamer  decks,  280 
to  360  feet  distant. 

Freight  Handling  and  the  High  Cost  of  Living.  An 
editorial. 
Scientific  American,  Oct.  21,  1920,  page  420. 
Author  quotes  instances  where  cost  of  transfer 
of  freight  greatly  exceeds  cost  of  handling 
it  between  terminals.  Use  of  mechanical 
aids  in  freight  are  advocated. 


ing  Motor  Truck  to  Railroad  Terminal 
Expansion,  Anon. 
Engineering  News-Record,  Vol.  85,  No.  17, 
Oct.  21,  1920,  pagi  785 
L.  C.  L.  Terminal  costs  represent  60  per 
cent  of  the  revenue.  Use  of  trucks  at 
Cincinnati  terminals  is  described,  and 
future  possibilities  of  this  system  dis- 
cussed. 

Engineering  Features  of  the  St.  Lawrence  Water- 
wax-,  Anon. 
Engineering  News-Record,  Vol.  85,  No.  17, 
Oct.  21,  1920,  page  786. 
A  preliminary  outline  of  the  work  to  be  done  on 
the  proposed  Great  Lakes  to  Ocean  route 
is  given. 

What  the  Government  is  Doing  to  Help  Port  Lay- 
out, Anon. 
Enginnering  News-Record,  Vol.  85,  No.  18,  Oct. 
28,  1920,  page  84. 
This  article  quotes  from  a  paper  or  report  by 
Capt.  F.  T.  Chambers  giving  details  of 
information  collected  by  the  Shipping 
Board  and  War  Department.  These  two 
organizations  were  authorized  by  the 
recent  "Shipping  Act"  to  look  after  port 
development. 

1921 

Containers  the  Ultimate  Answer.  Abstract  from 
address  by  Col.  J.  C.  Bonner. 
Electric  Railway  Journal,  Jan.  29,  1921,  page 
219. 
By  the  use  of  numerous  containers  fixed  on  four 
wheels  wagon  type  of  5  or  8  tons  capacity 
it  is  proposed  to  increase  the  "use-effi- 
ciency" of  the  freight  car. 

Mechanical  Loader  Developed,  1920,  G.  F.  Dillif. 
The  Coal  Industry,  Jan.  and  Feb.,  1921,  page  72. 
Describes  one  of  the  more  recent  develop- 
ments in  mechanical  coal  loading  machines 
and  proving  that  loading  is  out  of  the 
experimental  stage  and  has  become  re- 
munerative. 

Marine  Terminals  and  Port  Facilities,  F.  T.  Smith. 
Marine  Engineering,  Jan.  1921,  page  66. 

Past  and  prospective  port  developments  in 
New  York  City,  Portland,  Me.,  Baltimore, 
Seattle,  and  other  cities  are  discussed. 

Simple  Methods  of  Moving  Materials,  H.  J.  Edsall. 
Factory,  Jan.  1,  1921,  page  114. 

A  short  article  describes  how  the  Dill  and 
Collins  Company  receives  pulp  wood  by 
barge  and  finally  transfers  it  to  the  pulp 
wood  pile  by  successive  operations  by 
locomotive  crane,  electric  locomotive  draw- 
ing 4  or  5  cars  and  a  log  stacker.  Actua  1 
saving  in  dollars  by  use  of  log  stacker 
is  tabulated. 

Economies    in    Handling    Materials    in    Industria 
Plants,  J.  S.  Tuthill. 
Electrical  World,  Jan.  22,  1921,  page  201. 

This  is  a  short  article  giving  instances  _  of 
savings  by  use  of  various  labor  saving 
devices  such  as  electric  truck  handling 
bales  of  cotton,  overhead  trolley  system  in 
warehouse,  etc. 
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Crane  Installation  at  Barge  Canal  Terminal  1 1 
kly,  Henry  Cunningham. 
The  Marim  I  1921,  page  225 

An  interesting  installation  of  two  Shaw  Over- 
head Wharf  Cranes  at  Pier  0,  East  River, 
New   York,  State   Barg     '  terminal 

is  de  i  ribed      Fi  n  merlj    il    required   eight 

turn    with    whip    boom,    block    ami    I 
ami    i  il   days,  to  mi' 

-it    17.")  tons  of  freight.      Present    method 
wo   men 
working  one  8-hour  day. 

Bettei    i  ii  mdling    Methi  ids  by   Me1  : 

n 'tit,   i  >,    \V. 
Engineering  News-Record,  Jan.27,  1921 .  page  151. 
Mechanical   handling  equipment  is  considered 

as  being  in  (lire.-  general  classes,  portable, 
semi-portable  and  stationary.  It  is  point- 
ed out  that  the  design  of  a  complete  and 
efficient  mechanical  freight  handling  sys- 
tem requires  much  specialized  knowledge 
not  possessed  by  the  average  engineer. 
The  economy  of  the  use  of  tractors  and 
trucks  at  various  places  is  mentioned. 

cleans  Pushing  New  York  for  First   Place  in 
Grain  Export  Race,  Anon. 
The  Marine  News.  Feb.,   1921,  page   101. 

Mr.  Folse  is  quoted  as  saying  that  "its  because 
of  the  efficient  grain  handling  terminals 
we  have  in  New  Orleans"  that  this  port 
is  now  less  than  a  million  bushels  behind 
the  metropolis. 

N  ■  "a  I  trleans  Port  to  be  Reorganized ;  Private  Capital 
Will  Aid  in  Development,  H.  H.  Dunn. 
The  Marine  News,   Feb.,   1921,  page  148. 

Plan  provides  for  allowing  corporations  to 
obtain  long-time  leases  on  publicly  owned 
lands  to  erect  wharves,  terminals,  cargo 
handling  equipment,  etc.  Revolutions 
by  the  Association  of  Commerce  suggest 
that  the  Dock  Board  employ  competent 
terminal  engineers  and  port  economists 
to  make  a  thorough  survey  of  the  port  and 
its  needs. 

Handling   Lumber  on  a  Large  Scale,  Baldv. 
The  Wood  Worker,  Feb.,  1921,  page  32 

A    standard    layout    showing    arrangement    of 
planing     mill,     lumber    sheds,     saw     mill, 
gantry  and  crane  tracks  is  shown,  sui 
for  large  production. 

Terminal  Facilities  to  Increase  Foreign  Trade, 
G.  1".  Nicholson. 
Journal  of  Electricity  and  Western  Industry, 
Feb.  1,  1921,  page  126. 
Author  shows  that  the  cost  of  handling  cargoes 
in  Seattle  is  greatly  reduced  by  the  full 
use  of  mechanical  equipment  such  as 
locomotive  cranes  for  heavy  work,  and 
specialized  machinery  such  as  overhead 
telphers,  monorail  systems,  etc.,  for  mis- 
cellaneous freight 

A  Carrier  for   Every   Job,  Anon 
Factory,  Feb.  1,  1921,  page  317. 

A  description  is  given  of  the  auxiliary  sj 

of    conveyances  eral    Electric 

Company,  for  handling  materials  with 
minimum   of   waste   in    time   and   energy. 


Electrifying  Facilitie     Port  Operation,  Commander 

"   C.   S.    McDowell,   U.S.N. 
Electrical  World,   Feb.   12,   1921,  page  365. 

A   lescription  is  given  of  somi  trical 

equipment,   which   have   made    possible    a 
reduction  in  port  delays. 

Operating  a  Modern  Freight  House  Efficiently, 
W.  E.  Phelps. 
Railway  Electrical  Engineer,  Feb.  1921,  page  71. 
House  and  track  arrangement,  handling  of 
freight,  etc.,  at  the  New  Orange  Avenue 
freight  house  of  the  New  York  Central 
at  Cleveland,  is  described. 

Panama  Canal  Facts,  Anon. 

ific  American,  Jan.  22,   1921,  page  70. 
Explanation  assisted  by  diagrams  shows  how 
Panama    Canal   saves    time    and   distance, 
also  facts  and  figures  regarding  dimensions 
of  the  canal  and  ships  which  use  it. 

enical  Transportation  on  the  New  York  State 
Canal — I,   Julius   Kuttner. 
Motorship,  March,  1921,  page  199. 

This  is  the  first  of  a  series  of  exhaustive  articles 
on  the  New  York  State  Barge  Canal. 
This  series  will  constitute  a  study  of  the 
canal  facilities  and  methods  of  propulsion, 
etc. 

This  Loader  Runs  on  the  Coal  Bottom  and  Does 
Not  Use  the  Mine  Tracks,  G.  F.  Dilling. 
Coal  Age,  Vol.  19,  No.  2,  Jan.  1.3,  1921,  page  63. 
The  Dilling  tractor  loader  rams  itself  under 
the  coal  to  be  loaded.  Only  one  machine 
has  been  built  but  new  models  are  being 
constructed  by  the  Dravo  Contracting 
Company.  Machine  is  21  ft.  long,  4  ft. 
6  in.  high,  46-in.  gauge,  weight,  11,000 
lbs. 

MISCELLANEOUS  BOOKS,  ETC. 
Motor    Transportation   for   Rural   Districts,   J.    H. 

Collins. 
Transportation,  The  Great  Problem,  W.  J.  Carter, 

'18,  Allied  Press,  No.  18,  Nassau  St.,  New  York 

City. 
Ports   and   Terminal   Facilities,    R.    S.    MacElwee, 

'is,  McGraw. 
Transportation,  Commerce,  Finance  and  Taxation, 

Supt.  of  Documents,  Washington,  D.  C. 
Transportation   of   Supplies  for   the   Army,   R.    E. 

Shannon,   Quartermaster   General  of  the  Army, 

Washington,  D.  C. 
Principles  of  Ocean  Transportation,  E.  R.  Johnson 

and  Huebner,  '18,  Appleton. 
M.ie    Efficient    Plan  for    the   Handling  of    L.C.L. 

Freight  on  the  Pennsylvania  Railroad  Company, 

'17.  Pennsvlvania  Railway  Co.,  Philadelphia,  Pa. 
G.   E.    Bulletin   No.   48,026,"  Electrical  Equipment 

for  Coal,  Ore,  and  other  Bulk  Material  Handling 

Machinery  at  Docks,  R.  H.  MeLain. 

For  a  more  complete  list  of  Foreign  Publica- 
tions, American  Books,  Pamphlets,  Addresses, 
Speeches,  Official  Reports  on  Ports  and  Ter- 
minals, Official  Documents  other  than  Re- 
ports, and  publications  furnished  by  private 
firms,  see  book  by  Dr.  Rov  L.  MacElwee, 
Ph.D.,  published'  bv  McGraw-Hill  Book 
Company,  Inc.,  1918,  pages  304-5-6-7-8-9. 
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The  Lighting  of  Piers  and  Docks 

By  H.  E.  Mahan 

Illuminating  Engineering  Laboratory,  General  Ele<  ihk  Company 

But  little  advance  has  been  made  toward  the  better  lighting  of  piers  and  docks.  This  condition  is  inexcus- 
able because  suitable  lamp  units  have  been  available  and  their  installation  in  progressive  industrial  plants  has 
demonstrated  the  material  benefits  resulting  from  adequate  illumination.  The  following  article  describes  the 
several  types  of  modern  lighting  units  that  will  economically  furnish  the  intensity  and  distribution  of  light 
necessary  for  the  rapid  and  efficient  performance  of  work  on  piers  and  docks,  in  warehouses,  and  in  large  out- 
door storage  areas. — Editor. 


T 


rIE  success  of  the 
American  mer- 
chant marine  depends 
largely  upon  the 
ability  to  construct, 
operate,  load,  and 
unload  vessels  with 
efficiency  and  dis- 
patch. Statistics  in- 
dicate that  one  of  the 
greatest  handicaps  to 
the  efficient  execution 
of  this  program  is  the 
h  e.  Mahan  delay  in  loading  and 

unloading. 
These  operations  are  carried  on  during 
the  night  as  well  as  the  day,  and  we  may 
therefore  conclude  that  proper  artificial  il- 
lumination may  contribute  in  no  small 
degree  to  expediting  the  work. 

An  investigation  of  lighting  conditions 
along  the  water  front  of  one  of  our  largest 
ports  disclosed  appalling  conditions  regard- 
ing the  inadequacy  of  the  artificial  illumi- 
nation.*    Obsolete   equipment  was   the  rule 
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Fig.  1.      Cost  of  Producing  Light  with  Mazda  C  Lamps 

rather  than  the  exception.  The  lighting 
units  were  improperly  installed  and  equipped, 
with  the  result  that  "the  piers  were  in  general 
so    dark    as    to    make    convenient    progress 


around  the  floors  impossible,  time  was  lost 
in  endeavoring  to  read  and  interpret  labeling, 
material  could  not  be  handled  efficiently, 
policing  was  difficult  and  the  accident  hazard 
very  great.  The  continued  congestion,  es- 
pecially in  New  York,  during  the  war  months 
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Fig.  2.      Cost  and  Efficiency  Cu 


Mazda  C  La 


made  working    conditions    about    the   docks 
less  safe  than  before. 

The  increased  cost  of  installing  and  main- 
taining a  system  of  good  lighting  as  compared 
with  a  poor  system  is  so  slight  that  it  is 
poor  economy  to  adopt  the  latter  with  all  its 
shortcomings;  furthermore,  it  should  be 
borne  in  mind  that  the  cost  of  adequate  and 
correct  lighting  is  a  very  small  item  compared 
with  the  total  operating  expenses.  In  con- 
sidering the  cost  of  producing  light  it  is 
interesting  to  note  Figs.  1  and  2.  It  will  be 
seen  from  these  curves  that  the  efficiency 
of  lamps  increases  with  the  size  of  the  lamp, 
while  the  cost  of  the  lamp  per  lumen  capacity 
decreases.  As  the  cost  of  light  is  made  up 
of  the  cost  of  power  plus  the  cost  of  lamps, 
it  follows  that  light  may  be  produced  at 
less  cost  the  larger  the  lamp  employed.  The 
cost  of  wiring   and   installing   is   also  corre- 
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Fig.  3.      Form  1   Novalux  Pendent  Unit,  Canopy- 
Type,  Equipped  with  10 '-in.  Refractor 
and  No.  85  Globe  Reflector 


Fig.  4.      Distribution  of  Candle-power  of  the^Form^l  Novalux  Pendent  Un 
Equipped  as  Shown  by  Fig.  3. 


Fig.   5.      Installation    of   Novalux   Units    Equipped    with    Reflector   Globes   at 
New  York  Dock  of  France  and  Canada  Steamship  Corporation 


m 
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Fig.    7.      The  Form  L-3   Floodlighting    Projector 
Showing  Several  Methods  of  Mounting 


Fig.  6.    Ship  Illuminated  at  Dock  of  France  and  Canada  Steamship  Corporatii 
See  Fig.  5. 
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spondingly  less  for  fewer  outlets  using  large 
units  than  for  a  relatively  large  number  of 
outlets  with  smaller  lamps.  These  consider- 
ations, however,  should  be  weighted  with 
the  fact  that  the  greater  number  of  lamps 
provides  the  most  desirable  distribution  of 
light  and  less  chance  for  shadows  which,  of 
course,  is  very  important  in  lighting  storage 
spaces  such  as  pier  sheds  where  material  is 
stacked  indiscriminately  over  the  entire 
floor  space.  The  height  of  suspension  is  also 
a  factor  entering  into  this  problem. 


Fixture.  Straight  Multiple  Type  v 
Band  Refractor  and  No.  14  Globe 


A  satisfactory  system  of  illumination  for 
piers  and  docks  should  possess  the  following 
characteristics : 

(1)  Good    distribution     and    diffusion     in 

order  that  a  fairly  uniform  illumi- 
nation may  be  depended  upon 
regardless  of  the  arrangement  of 
material. 

(2)  Sufficient  intensity   of  illumination  in 

both  the  horizontal  and  vertical 
planes  to  enable  one  easily  to  read 
labels  and  markings. 

(3)  Ample     illumination     at     the     proper 

points  to  facilitate  the  loading  and 
unloading,  docking,  etc.,  of  sin ] >> 


(4)  The  foregoing  requirements  to  obtain 
without  conditions  of  glare  or  other 
disturbing  factors  detrimental  to  ease 
of  vision,  safety  of  workmen,  etc. 

The  type  of  unit  selected  for  any  particular 
set  of  conditions  will  depend  largely  on  the 


Fig.  9.      Distribution  of  Candle-power  of  the  Form   1  No 
Pendent  Unit  Equipped  as  Shown  by  Fig.  8 


structural  features  and  local  requirements. 
A  review  of  available  equipment,  together 
with  their  characteristics  and  methods  of 
installing,  will  perhaps  give  a  general  idea  of 
the  problem  and  its  solution. 

Fig.  3  illustrates  a  lighting  unit  with  a  half 
silvered  globe  and  Fig.  4  indicates  the  dis- 


■ 


Fig.  10.      Novalux  Units  and  Floodlighting  Projectors  Mounted 
on  50-ft.  Pole.     Hog  Island  Shipyard.  Philadelphia,  Pa. 


tribution  of  light  from  such  an  equipment. 
It  will  be  noted  that  the  distribution  is  asym- 
metrical, which  makes  the  unit  particulalry 
well  adapted  to  provide  light  for  loading, 
unloading,  docking,  etc.,  all  of  which  require 
that  the  illumination  be  furnished  alongside 
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Fig.    11.      Shipways   Illuminated   by   Floodlighting  Projectors  and   Novalux   Units       Hog  Island  Shipyard,  Philadelphia    Pa. 


Fig.    12.      Freight    Yard    Illuminated   by  Novalux   Units.       Hog   Island   Shipyard.   Philadelphia,  Pa. 
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the  piers.  A  view  of  these  units  installed  is 
shown  in  Fij^.  .">.  A  night  view  of  the  same 
installation  is  shown  in  Fig.  (3. 

It  is  necessary,  at  times,  when  working 
in  the  holds  of  vessels,  to  supplement  the 
general  lighting  with  local  lights.  A  type 
of  unit  suited  for  this  service  is  the  flood- 
lighting projector  shown  in  Fig.  7.  The 
reflector  in  this  unit  is  built  up  of  glass  seg- 
ments arranged  in  three  zones  and  delivers 
a  wide  distribution  of  light.  The  distribu- 
tion may  be  further  modified  by  substitu- 
ting other  types  of  doors  in  place  of  the 
standard  clear  glass  type.  A  stippled  glass 
door  delivers  a  diffuse  distribution  and  a 
factory  ribbed  door  provides  an  asymmetrical 
distribution  which  makes  it  possible  to 
spread  the  light  in  one  direction  and  shorten 
it  in  the  other. 

Floodlighting  equipment  is  available  in  a 
number  of  different  types  of  distribution  and 
finds  application  in  many  ways  for  such 
outdoor  work  as  is  carried  on  in  construction, 
railroad  yards,  docking  ships,  loading  and 
unloading  freight,  etc.  Care  should  be 
exercised,  however,  in  using  equipment  of 
this  kind  to  avoid  excessive  glare  and  dark 
shadows. 


tor,  and  clear  globe.  This  unit  accommodates 
the  larger  sizes  of  Mazda  lamps  and  delivers 
the  distribution  of  light  shown  in  Fig.  9.  It 
will  be  noted  that  the  distribution  of  light 
is  such  as  to  provide  the  maximum  candle- 
power       about  10  deg.  below  the  horizontal, 


m  6  No 
nd  20-ir 


■  Equipped  with  No.  87  Globe 
nameled  Reflector 


Metal    Reflector    Bedd-200    RLM    Standard 
,  Bowl  Frost  and  Bowl  Enamel  Lamp 


The  lighting  of  large  areas,  such  as  outdoor 
storage  yards,  construction  work,  ship-build- 
ing, repair  yards,  etc.,  requires  large  units  with 
a  distribution  peculiar  to  the  needs  of  this 
sendee.  Such  a  unit  is  shown  in  Fig.  S  and 
consists  of  the  casing,  HI1  ^-inch  band  refrac- 


so  that  when  suspended  at  a  height  of  from 
30  to  (10  feet  it  illuminates  a  wide  area  to  a 
fairly  uniform  intensity.  Groups  of  four 
of  these  units  were  used  for  general  lighting 
throughout  the  grounds  at  the  Hog  Island 
Shipyard,  Philadelphia,  Pa.  Fig.  10  illus- 
trates a  typical  installation  at  this  yard.  In 
this  same  illustration  is  shown  the  application 
of  floodlighting  projectors  for  supplementing 
the  general  illumination  at  points  requiring 
additional  intensity.  A  night  view  of  the 
ship  ways  illuminated  by  this  type  of  equip- 
ment is  illustrated  in  Fig.  11;  and  Fig.  12  is 
a  night  view  of  a  freight  yard  illuminated  by 
units  of  the  same  type. 

The  lighting  of  pier  sheds  in  its  require- 
ments is  analogous  to  the  lighting  of  a  ware- 
house. Industrial  lighting  units  such  as  are 
illustrated  in  Figs.  13  and  14  are  particularly 
well  adapted  for  this  purpose,  being  rugged 
mechanically  and  efficient  in  the  distribution 
nf  light.  The  New  York  State  Industrial 
Code  recommends  0.5  to  1.0  foot-candle  for 
storage  spaces.  Inasmuch  as  the  require- 
ments on  a  pier  are  more  exacting  than  those 
for  dead  storage,  an  intensity  of  at  least 
2  foot-eandles  is  desirable.  This  requires 
equipment  aggregating  0.25  to  0.50  watts  per 
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depending  upon 

I  conditions.       Proper    painting    of    the 

walls  and  ceilings  will  serve  to  increase  the 

distribution  and  intensity  of  both  the  da   - 

light    and    artificial    light.       In    selecting    a 

:.:!(■   should    be   I  ' 


Multiple  Automatic  Cutout  ' 
Binding  Posts 


which  possesses  the  quality  of  permanence. 
There  are  a  number  of  such  paints  on  the 
market  which  have  been  developed  in  ac- 
cordance with  the  requirements  of  good 
lighting. 

A  typical  layout  for  a  pier  shed  is  shown 
in  Fig.  l(i,  from  which  it  will  be  noted  that 
a  calculated  illumination  of  approximately 
2.6  foot-candles  has  been  provided.  The 
outlets  are  staggered  so  as  to  minimize  the 
possibility  of  stacks  of  material  cutting  off 
entirely  all  sources  of  illumination  from  any 
area. 

There  are  several  important  factors  to 
consider  in  connection  with  the  maintenance 
of  a  lighting   system   if  it   is  to  continue  to 


deliver  its  initial  output.     In  the  first  place, 

'i  as  much  as  50  per  cent  is  somi 

found   from   the  accumulation  of  dirt  on  the 

and   lamps.     This,   of  course,   can 

be  reduced  to  a  negligible  amounl  by  periodic 

cleaning  and  the  results  warrant  the  expense 

i    attention.      In    order    to    facilitate 

the    cleaning    of   lamps   which    are   mounted 

al      uch    heights    or    locations    as    to   make 

handling   inconvenient  from   a  ladder,   it  is 

able  to  employ  the  autr»matic  cutout, 

of  which  is  illustrated  in  Fig.  15.    This 

enal  iles  the  lamp  to  be  lowered  to  the  ground 

fi  ir  cleaning  or  re-lamping. 

The  next  important  consideration  is  to 
ha1  e  lamps  of  correct  voltage.  A  lamp 
which  is  operating  below  voltage  has  its 
light  reduced  approximately  .'!..">  per  cent 
for  each  volt  reduction.  The  lamp  manufac- 
turers advise  that  the  labeled  voltage  on  a 
lamp  be  the  same  or  at  least  no  higher  than 
the  actual  average  voltage  at  the  lamp  socket 
in  which  the  lamp  is  used. 
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Fig.  16.      Arrangement  of  Outlets  for  Lighting  Pier  Shed 

A  start  in  the  direction  of  adequate  light- 
ing for  our  water  fronts  was  made  by  our 
Government  during  the  period  of  the  war 
and  no  doubt  an  appreciation  of  the  advan- 
tages accruing  therefrom  will  spread  through- 
out the  shipping  world. 
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A  Painting  of  the  Battleship  New  Mexico  Presented 

to  the  U.  S.  Navy  Department  by  the 

General  Electric  Company 


The  original  of  our  frontispiece  to  this 
issue,  a  canvas  of  the  first  electrically  driven 
battleship  U.S.S.  New  Mexico,  was  presented 
to  Secretary  Josephus  Daniels  for  the  Navy 
Department  by  E.  W.  Rice,  Jr.,  President 
of  the  General  Electric  Companv,  on  Febru- 
ary   28,    1921. 

This  painting,  the  work  of  Walter  L. 
Greene,  artist  .  for  the  General  Electric 
Company,  is  a  truly  magnificent  specimen  of 
marine  art,  portraying  with  wonderful  fidelity 
the  atmosphere  of  sea  and  ship,  and  was 
pronounced  by  Rear-Admiral  W.  S.  Benson 
to  be  the  best  naval  painting  that  he  had  ever 
seen.  The  artist  has  displayed  real  genius 
in  conveying  an  impression  of  speed  and 
might  that  is  wonderfully  expressive  of  the 
progress  represented  by  the  development  of 
electric  ship  propulsion.  The  three  flags 
flying  from  the  signal  halyards  announce 
what  the  bow  wave  confirms,  "full  speed 
ahead,"  while  the  guns  and  turrets,  which 
are  the  most  striking  features  of  a  battleship 
to  the  average  person,  are  masterfully 
portrayed.  The  painting  is  a  visual  expres- 
sion of  the  art  and  romance  that  is  a  part  of 
the  scientific  and  industrial  world  of  today. 

Mr.  Rice's  address  in  presenting  the  paint- 
ing to  the  Navy  Department  and  Secretary 
Daniels'  address  of  acceptance  follow: 

"Mr.  Secretary  of  the  Navy  and  Gentlemen: 

"The  Navy  Department  of  our  Govern- 
ment has  contributed  more  important 
advances  in  engineering  than  is  perhaps 
generally  appreciated  by  many  well-informed 
people. 

"I  will  not  even  attempt  to  mention  the 
numerous  developments  which  the  Navy 
has  either  stimulated  or  originated,  but  do 
wish  to  briefly  outline  one  of  the  big  forward 
steps  of  recent  years  in  which  the  Navy  has 
played  a  great  and  indispensable  part,  namely, 
the  development  of  the  steam  turbine  electric 
drive  for  ships. 

"Time  will  not  permit  us  to  trace  the 
interesting  evolution  of  the  application  of 
mechanical  power  to  ships.  I  will  merely 
recall  to  your  minds  that  sails  and  oars  were 
the  only  devices  in  use  for  countless  ages, 
even  down  to  the  time  of  our  grandfathers, 
less  than  one  hundred  vears  ago. 


"The  first  advance  then  took  place  in  the 
substitution  of  steam  through  the  reciprocat- 
ing engine  for  the  blowing  of  wind  upon  the 
sails.  This  great  event  occurred  as  stated 
about  a  century  ago,  and  the  steam  engine 
was  our  only  source  of  mechanical  power  up 
to  the  last  quarter  of  the  19th  century  wh;n 
the  steam  turbine  made  its  appearance. 

"The  application  of  the  steam  turbine  to  the 
driving  of  ships  may  be  considered  as  an 
event  only  exceeded  in  importance  by  the 
original  substitution  of  steam  for  sail  power 
in  such  service. 

"The  full  benefits  of  the  steam  turbine  could 
not  be  realized  because  the  turbine  is  in- 
herently a  very  high  speed  machine,  while 
the  propeller  is  best  adapted  to  and  is  most 
efficient  at  relatively  slow  speeds.  The  direct 
connection  of  the  turbine  to  the  propeller 
shaft  was  the  simplest  and  most  rugged 
method  and  was  naturally  the  plan  first 
adopted.  Unfortunately  this  method  of 
application  demanded  compromises  in  the 
design  of  both  turbine  and  propeller  which 
were  only  obtained  by  relatively  large 
sacrifices  of  efficiency  in  both. 

' '  Therefore  the  constant  search  for  improve- 
ment soon  led  to  the  introduction  of  mechani- 
cal reducing  gear  between  the  high  speed 
turbine  and  the  low  speed  propeller.  While 
the  improved  efficiency  which  resulted  marked 
another  forward  step,  it  was  obtained  at  the 
expense  of  mechanical  complications.  Further- 
more, it  must  not  be  forgotten  that  in  both  the 
direct  drive  and  in  the  geared  drive,  the 
power  available  in  reversing  the  direction 
of  motion  was  greatly  limited. 

"That  electricity  could  be  used  as  a  sub- 
stitute for  gears  was  perhaps  obvious,  but  it 
was  not  obvious  that  it  would  be  practical 
or  economical.  In  fact,  at  first  sight  it  would 
seem  both  foolish  and  wasteful  to  resort  to 
the  double  transformation  of  power,  involved 
in  first  generating  mechanical  power  from 
steam,  converting  this  into  electricity  and 
then  to  reconvert  the  electricity  back  again 
into  the  mechanical  power  needed  to  drive 
the  propellers. 

"That  the  electric  drive  could  by  any  pos- 
sibility prove  to  be  the  best  and  more  gener- 
ally efficient,  seems  a  paradox.  What  is  the 
cause    of    the    undoubted    success    of    this 
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paradoxical   device?     It   is  due,   largely,  we 

believe,  to  the  fact  that  in  the  electric  drive 

ii  n  air  space  is  substituted  for  the  teeth 

gear,  and  yet  although  we 

remove   the  teeth   we  arc  able   to   transmit 

endous   power   without   any  mechanical 

contact         There    is    in    fact     no    mechanical 

in  .ii    between   the   fixed   and   moving 

parts  of  the  electric  motors  which  may  be 

new  electric  gear,  one  which 

very  nature,  prevents  the  transmission 

tractive  shock  or  strain. 

'The  electrical  method  substitutes  an  in- 
destructible infinitely  elastic  air  space  for  the 
teeth  of  the  mechanical  gear  and  obviously 
lir  space  cannot  be  bent,  or  broken. 
requires  no  lubrication  and  contains  nothing 
to  rub,  or  get  out  of  order.  The  electric  drive 
also  permits  of  a  complete  and  instantaneous 
reversal  of  the  direction  of  motion  and  thus 
enables  the  ship  to  move  backward,  as  well 
a-  forward,  under  full  power  and  adds 
enormously  to  its  ability  to  maneuver  defi- 
nitely and  quickly. 

"The  electric  gear  has  the  additional  advan- 
tage that  it  can  be  arranged  to  give  great 
variation  in  the  speed  ratio  or  leverage 
between  the  turbine  and  propellers  which  is  a 
feature  of  the  greatest  practical  value.  It 
permits  operation  of  the  ship  at  different 
speeds  with  full  efficiency,  thus  realizing  a 
large  saving  in  fuel,  a  feature  of  untold 
importance  in  naval  vessels,  especially  in 
wartime,  as  it  greatly  increases  the  cruis- 
ing radius  obtainable  before  renewal  of 
fuel 

'  This  briefly  indicates  what  seems  to  be 
some  of  the  technical  reasons  which  justify 
the  adoption  of  the  electric  drive. 

"The  first  seagoing  ship  equipped  with 
turbine  electric  drive  was  the  U.S.  collier 
er  ol  20  000  tons  rating.  She  was  built 
under  the  direction  of  our  Navy  Depart- 
ment. The  Jupiter  was  one  of  several  sister 
ships,  but  was  the  i  >nly  i  me  equipped  with  the 
ric  drive. 

'Comparative  tests  of  the  Jupiter  clearly 
indicated  the  superiority  of  the  electric  drive 
and  thus  gave  courage  to  those  interested  in 
the  equipment  of  other  large  ships  and 
finally  led  to  the  designing  and  building  of 
the  U.S.  battleship  New  Mexico  launched  in 
1917,  the  first  battleship  to  be  equipped  with 
electric  drive.  The  high  overall  efficiency 
and  other  advantages  of  its  propelling 
machinery  as  compared  with  the  type  of 
■:ient    in    use    on    previous    battleships 


has  been  fully  demonstrated  under  all 
the  conditions  encountered  in  actual  sea 
sen  ii 

Asa  result.  I  understand  that  our  Navy 
Department  has  adopted  this  ivpe  of  drive 
for  all  capita]  ships  which  have  since  been 
!  contracted  for 
It  may  assist  us  in  forming  a  proper 
appreciation  of  the  magnitude  of  the 
planl  required  for  the  operation  oi  the.battle- 
ship  New  Mexico  to  remember  thai  its  power 
planl  is  of  sufficient  size  to  furnish  all  the 
electricity  used  for  light  and  power  as  well  as 
f<  ir  the  c  iperation  of  the  street  cars  in  a  modern 
city  of  200,000  people. 

"This  new  and  apparently  perfect  method 
i  if  i  ui ipelling  ships  is  of  prime  importance  and 
value  to  our  country,  not  only  because  it  has 
resulted  in  placing  our  Naval  vessels  and 
equipment  in  a  highly  satisfactory  position  of 
world  leadership,  but  because  it  has  also 
pointed  the  way  to  the  use  of  electricity  in 
the  propulsion  of  our  merchant  marine. 

"It  must  be  a  great  satisfaction  to  every 
Navy  man  to  remember  that  the  modern 
steam  turbine  electric  drive  for  ships  resulted 
largely  from  the  w-ork  of  a  graduate  of  our 
great  Naval  Academy  at  Annapolis,  Mr. 
W.  L.  R.  Emmet,  who  with  a  thorough 
understanding  of  the  principles  involved, 
attacked  the  problem  and  with  patience  and 
perseverance  continued  to  overcome  all 
obstacles  until  success  was  won. 

"It  is  also  a  subject  for  congratulation  that 
his  efforts  were  only  made  successful  as  a 
result  of  the  splendid  co-operation  and  sup- 
port which  he  received  from  the  Navy  De- 
partment presided  over  by  its  Secretary, 
Mr.  Daniels. 

'Such  important  undertakings  can  only  be 
brought  to  a  successful  conclusion  by  the 
united  assistance  of  those  who  are  best 
informed  both  as  to  the  operation  of  the 
apparatus  and  its  design  and  manufacture. 

"As  the  New  Mexico  was  the  first  battleship 
in  the  world  to  be  driven  by  steam  turbine 
electric  drive,  it  seemed  fitting,  as  a  part  of 
the  record  of  the  achievement  to  have  a 
painting  made  of  this  ship.  The  commission 
was  executed  by  the  artist.  Walter  L.  Greene, 
and  I  take  great  pleasure  in  presenting  it  in 
the  name  of  the  General  Electric  Company 
to  the  Navy  Department  of  our  Govern- 
ment through  our  Secretary,  the  Honorable 
Josephus  Daniels,  during  whose  administra- 
tion the  ship  was  designed,  built  and  put  into 
commission." 
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Secretary  Daniels: 
"Mr.  Rice  and  Gentlemen: 

' '  It  isa  privilege  tospeakfor  this  great  Depart- 
ment of  the  Government  which,  you  have  truly 
said,  has  inaugurated  many  new  things  that 
have  strengthened  our  Navy  and  which  have 
blazed  the  way  for  a  greater  merchant  marine. 
I  wish  to  thank  you  in  the  name  of  the  Navy 
for  this  beautiful  picture  of  the  New  Mexico, 
which  is  the  last  word  in  naval  efficiency. 

"I  remember  very  well,  shortly  after  I 
became  Secretary  of  the  Navy,  in  discussing 
with  Admiral  "Winterhalter  and  Admiral 
Griffin  the  plans  for  the  construction  of  our 
new  and  greatest  ship;  the  suggestion  was 
under  consideration  whether  the  success  of 
the  electric  drive  on  the  Jupiter  justified  its 
adoption  in  the  new  dreadnaughts.  There 
was  much  difference  of  opinion  in  the  Navy 
and  outside  the  Navy  among  engineers  of 
ability  as  to  the  wisdom  of  what  was  truly 
a  revolutionary  departure  in  the  propulsion 
of  battleships.  During  the  discussion  I 
shall  never  forget  spending  a  whole  evening 
with  Bill  Emmet — we  call  him  'Bill'  in  the 
Navy  because  he  graduated  from  the  Naval 
Academy — (I  guess  you  call  him  by  some 
high  title  in  the  General  Electric  Company). 
He  is  ordinarily  a  phlegmatic  man,  quiet  and 
reserved  about  most  matters,  but  I  can  never 
forget  his  enthusiasm  and  his  wonderful 
spirit  of  faith  as  he  discussed  it  and  under- 
took to  convince  me  that  he  and  Griffin  and 
Dyson  and  Evans  and  others  in  the  Navy, 
and  Winterhalter,  were  right,  and  the  plan 
of  electric  propulsion  for  battleships  should 
be  adopted  by  the  Navy. 

"After  all,  the  world  is  moved  by  enthusiasm 
based  upon  knowledge.  It  was  the  enthusi- 
asm of  Emmet  and  our  own  able  engineers 
that  interested  me  first  in  the  electric  drive. 
I  am  by  nature  somewhat  of  a  revolutionist. 
All  the  changes  in  the  Navy  from  sailing  to 
the  electric  drive  have  come  by  men  who 
know  that  the  best  is  yet  to  be. 

"You  may  remember,  when  the  decision 
was  made  and  it  was  determined  to  put  the 
electric  drive  in  the  New  Mexico  and  then 
determined  to  put  it  in  all  our  great  ships, 
there  was  in  and  out  of  the  Navy  strong 
protest.  It  came  to  me  by  letters  and  by 
telegrams  and  by  personal  interviews.  Not 
a  few  predicted  that  if  I  approved  this 
method  of  propulsion  I  would  ruin  the  Navy. 
My  reply  was:  'Well,  I  have  ruined  the 
Navy  so  many  times  one  more  time  will  not 
make  any  difference!'  And  so  the  decision 
was  made.     Its  opponents  carried  the  fight 


to  Congress.  A  number  of  engineers  went 
before  the  Congress  to  point  out  that  a  great 
battleship  run  by  electric  drive  was  bound 
to  prove  an  expensive  failure  and  said,  '  Let 
some  other  nation  try  it  first.'  Well,  we 
had  a  long  debate  and  discussion  and  the 
Congress  finally  decided  wisely  (I  say  it  with 
modesty)  I  think,  to  let  the  Secretary  of  the 
Navy  settle  it.  The  Jupiter  had  just  come 
through  the  Canal.  It  had  weathered  the 
greatest  storm  in  the  Atlantic  in  twenty  years 
and  had  come  through  in  fine  shape.  I  went 
to  New  York  and  spent  a  day  on  it.  I  liked 
the  looks  of  it  and  when  I  found  that  the 
captain  and  engineers  and  officers  were  enthus- 
iastic about  it,  I  came  back  and  found  our 
experts  strengthened  in  the  belief  it  was  the 
modern  method  of  propulsion.  I  was  very  glad 
to  have  the  honor  and  privilege  to  sign  the 
order  which  in  the  New  Mexico  put  America 
in  the  lead  in  electric  propulsion,  as  we  were 
in  the  flying  machine  and  the  submarine  and 
other  improvements  in  ships  of  the  sea  and 
air.  When  abroad  two  years  ago  I  found 
able  naval  constructors  and  engineers  who 
congratulated  the  American  Navy  in  being 
the  first  to  take  this  forward  step  which  will 
eventually  be  adopted  by  all  countries. 

"It  will  interest  you  to  know  of  one  of  the 
most  distinguished  Admirals  in  our  Navy,  a 
man  who  was  in  command  of  the  battleships 
in  the  North  Sea,  an  old-fashioned  sailorman 
of  great  ability  and  brains — none  better  in 
the  world.  In  the  main  he  holds  to  the  old 
ways  of  sea-going.  I  refer,  of  course,  to 
Admiral  Hugh  Rodman.  At  first  he  doubted 
the  wisdom  of  this  new  innovation.  I  spent 
ten  days  on  the  New  Mexico  last  summer 
with  him  cruising  from  Los  Angeles  up  to 
Seattle,  and  Admiral  Rodman  said :  '  I  want 
you  to  come  with  me  all  over  the  flagship, 
particularly  to  see  how  the  electric  drive 
works.  It  ought  to  be  adopted  throughout 
the  Navy.  Thirty  per  cent  is  saved  in  money 
and  in  cleanliness  and  in  every  element  that 
makes  an  efficient  ship.  I  was  opposed  to  it 
at  first  but  I  am  willing  to  confess  I  was 
wrong,  and  the  engineers  and  experts  in  the 
Department  and  out  of  the  Department  were 
right.'  That  shows  he  is  the  kind  of  big  man 
who  will  change  an  opinion  when  convinced. 

' ' I  thank  you  for  the  Department  and  for  the 
country  for  this  gift  which  will  adorn  the  walls 
of  the  Department,  and  I  thank  you  for  the 
part,  and  the  large  part,  the  General  Electric 
Company  has  played  in  this  improvement — 
an  improvement  along  the  line  of  other 
things  which  your  great  company  has  done 
in  progress  and  development." 
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Balancing 

Martin's  Rotor  Balancing  Machine. 
Elec.  Rev.   (Lon  S8,    pp. 

101   : 
(Illustrated  description  of  the  apparatus  and 
examples  of  results  obtained  by  its  use.) 
Converters,  Synchronous 

ige  Regulating  Systems  of  Synchronous  Con- 
verters.    Hague,  F.  T. 
Elec.  Jour.,  Feb.,  1921;  v.  IS,  pp.  52-56. 
Current-collecting  Devices 

Electric     Railwav     Contact     Svsterns.      Dawson, 
Sir  Philip. 
I.  E.E.  Jour.,  Sept.,  1920;  v.  58,  pp.  838-857. 
With    several   illustrations    showing    British 
practi 
Electric  Current  Rectifiers 

Converting  of  Single  Phase  and  Polyphase  Cur- 
rent  to   Direct  Current   by    Means  of  the 
Mercury  Vapor  Rectifier.       In  Ger-      i 
Trua,  Jan.  15,  1921;  v.  2,  pp.  133-139. 

(Illustrated  review  of  the  general  principles 
and  of  modern  installations,  with  special 
reference  to  the  large  size  A.  E.  G.  appara- 
tus.) 
Electric  Drive — Power  Plant  Auxiliaries 
Dual  Drive  Units.     Forde,  Ivan  Stewart. 
Elec.  Jour.,  Feb.,  1921;  v.  18.  pp.  48-50. 

Explanation  of  the  advantages  of  both  motor 
and  steam  turbine  drive  to  ensure  continuity 
of  operation  of  any  auxiliary  di 
Electric  Drive — Textile  Mills 

Continental    Practice   in    the    Electrical    Driving 

of    Textile    Factories.     Fox,    W.    Dundas. 

Elec'n  (Lond.l,  Feb.  4,  1921;  v.  86,  pp.  165-168. 

(On    European    methods.     Includes    graphs 

showing  operating  statistics.) 

Electric  Furnaces 

Electric  Annealing  and  Heat  Treating  Furnaces. 
Mills,  George  P. 
Assoc.  Ir.  &  St.  Elec.  Engrs..  Feb.,   1921;  v.  3, 
pp.  1-20. 

the   general   principles   of  electric   heat 
treating   and   anne 
Relative  Economy  of  Oil,  Gas,  Coal  and  Electric 
Heated  Furnaces.      Moulton,  Seth  A.  and 
Lvman,  W.  H. 
Am.  Soc.  St.  Treat.  Trans.,  Jan.,  1921;  v 
270. 
(Statistical  p 
Electric  Locomotives 

Economic  and  Technical  Points  in  the  Construc- 
tion of  Recent  Large-Size  Electric  Loco- 
motives. Laternser,  Alb.  (In  German.) 
Schweiz.  Bail.,  Jan.  29,  1921;  v.  77.  pp.  49-51. 
'Critical  review  of  the  recent  locomotives 
built  by  General  Electric,  Wcstmghouse 
and   by  some   European   fin: 


Xew    Three-Phase    Locomotives   for   the    Italian 
State  Railways. 
Rwy.  Gas.,  Jan.  28,  1921:  v.  34,  pp.  103-105. 
(Illustrated    description    of    Brown     Boveri 
locomotives.) 

Electric  Power 

Policies  for  Future  Power  Development.  Jackson, 
Col.  John  Price. 
Mech.  Engng.,  Feb.,   1921:  v.  43,   pp.   102-107, 
110. 
A  general  paper  on  the  demand  for  central 
station  power  and  how  it  may  best  be  met.) 
What    Superpower    Means.     Flood,    Jr.,   Henrv. 
r,  Feb.   15,  1921;  v.  53,  pp.  267-270. 
An  explanation  of  the  objects  and  proposed 
methods  of  the  Atlantic  seaboard  super- 
power sche- 

Electric  Precipitation 

Cottrell  Svstem  of  Dust  and  Fume  Precipitation. 

Engng.  iLond.),  Jan.  28,  1921;  v.  Ill,  pp.  94-97. 

I  Illustrated  description  of  the  process  as  used 

by     the     Royal     Navy     Cordite     F.: 

England,    for    suppressing    sulphuric    acid 

fumes.) 

Electrical  Machinery  — Temperature 

Temperature  Limits  of  Large  Alternators.   Juhlin, 
G.  A. 
Elec.    Rev.    (Lond.  .    Feb.   4,    1921;   v.   SS,   pp. 
154  -1 

ract  of  technical  paper  read  before  I.  E. 
E.     Also  in  Elec')i.  iLond.),  Jan.  2S,  1921; 
pp.  126-129.     Serial. 
Temperature  Rise  in  Headlight  Generators. 
Rwy.  Elec.  Engr.,  Feb.,  1921:  v.  12,  pp.  80-83. 
I  Shows  results  of  tests  made  on  C.  C.  C.  & 
St.  L.  Railroad.) 

Electrolysis 

Protection  of  Cables  Against  Electrolysis. 
Rwy.  Sig.  Engr.,  Jan.,   1921:  v.   14, 'pp.  32 

:ods  of  detection  and  prevention  of 
electrolysis  in  telegraph  and  telephone 
cabi- 

Inductive  Interference 

Minimizing  Inductive  Interference.      Wray.  J.  G. 
and  Hill,  Cvrus  G. 
Tel.  Engr.,  Feb.',   1921;  v.  24.  pp.  21-27. 

Treated   from   the   standpoint   of   the   tele- 
phone engr 
Power  Interference  on  Telephone  Circuits.      Dall. 
E.  M. 
5.  Af.  I.  E.  E.    Trans.,   Dec.   1920;  v.   11,  pp. 
231-241. 

-  results  of  tests  carried  on  in  Johan- 
nesburg, South  Africa.  Includes  many 
diagrams.  I 


LIBRARY' SECTION 


391 


Load  Factor 

Effect  of  Load   Factor  on   Steam-Station   Costs. 
Junkersfeld,  Peter. 
Mech.  Engng.,  Feb.,  1921;   v.  43,   pp.  108-110. 
Load  Factor:     Its  Definition  and  Use.     Kensit, 
H.  E.  M 
Can.  Engr.,  Jan.  20,   1921;  v.  40,  pp.  149-151. 
(A    compilation    of     definitions    by    several 
recognized  authorities.) 

Magnets 

Permanent    Magnets    in    Theory    and    Practice. 
Evershed,  S. 
I.  E.  E.  Jour.,  Sept.,  1920;  v.  58,  pp.  780-837. 
(With  its  accompanying  discussion  forms  a 
lengthy   paper  on   the   subject.) 

Protective  Apparatus 

Protection  Against  Excess  Voltage  and  Current 
According  to  Recent  German  Installations. 
Massing,  H.  (In  French.) 
Revue  Gen.  de  1'Elec,  Jan.  22,  1921;  v.  9,  pp. 
99-104. 
(General  account  of  methods  used  in  Ger- 
many.) 

Railroads — Electrification 

Application  of  the  Electric  Locomotive  to   Main- 
Line     Traction     on     Railways.     O'Brien, 
Lieut.-Col.  H.  E. 
/.  E.  E.  Jour.,  Sept.,  1920;  v.  58,  pp.  858-869. 
(Includes   many  graphs  and  tables  of  data 
as  applying  in  British  practice.) 

Rotation 

Calculation  of  Torsional  Vibrations  and  Critical 
Speed  of  Shafts.     Sass,  Fr.      (In  German.) 
Zeit.  des    Ver.  Deut.  Ing.,  Jan.  15,  1921;  v.  65, 
pp.  67-69. 
(With    special   reference    to    high    speed    oil 
engines  and  steam  turbines.) 
Critical  Speed  of  a  Turbine  Spindle.      Gardner, 
Richard. 
Engng.  (Lond.),  Jan.  28, 1921 ;  v.  1 1 1 ,  pp.  99-100. 
(Mathematical.) 

Steam  Plants 

Steam   Accumulator   System.      (In     Norwegian.) 

Tekn.    Uke.,  Jan.   21,    1921;   v.   68,   pp.   27-32. 

(A  Swedish  system  for  the  storing  of  exhaust 

steam  for  use  in  times  of  peak   load  or  for 

other  purposes.) 

Switches  and  Switchgear 

Line  and  Generator  Switching  at    Niagara  Falls. 
Hayes,  Stephen  Q. 
Elec.  Rev.  (Chgo.),  Feb.  5,  1921;  v.  78,  pp.  203 
207. 
(Illustrated  description  of  equipment  at  the 
Niagara  Falls  Power  Company.) 

Voltage  Regulation 

Voltage     Regulating     Systems     of     Synchronous 
Converters.      Hague,  F.  T. 
Elec.  Jour.,  Feb.,  1921;  v.  18,  pp.  52-56. 

Waste  Heat 

Waste    Heat     Utilization.      McDermott,     G.     R. 
and  Wilcox,  F.  H. 
W.   Soc.   Engrs.   Jour.,   Feb.,    1921;   v.   26,   pp. 
60-76. 
(Technical    paper    on    utilization    of    waste 
heat    from    metallurgical    processes.) 


Water  Power 

<  Intario     Power     Commission.     Its     Origin     and 
Development.     Biggar,  E.  B. 
Jour.   Pol.  Econ.,  Jan.,  1921;  v.  29,  pp.  29-56. 
Water-Power    Applications,    13,469,181    Hp. 
Elec.   Wld.,  Feb.   12,   1921;  v.  77,  pp.  369-370. 
(Data  on  applications,  up  to  January  29th, 
for  water-power  permits  under  the  Federal 
Water  Power  Act.) 

NEW   BOOKS 

Abrasives  ' 

Jacobs,  Fred  B. 

Abrasives  and  Abrasive  Wheels:    Their  Nature, 
Manufacture  and  Use. 
338  pp.,  1919,  N.  Y.,  The  Norman  W.  Henley 
Publishing  Company. 
Construction  Materials 
Moore,  Herbert  T. 

Text-Bookof  the  Materials  of  Engineering.  Ed. 2. 
315  pp.,  1920,  N.  Y.,  McGraw-Hill  Book  Co. 
Contracts 

Tucker,  James  Irwin. 

Contracts   in   Engineering.     Ed.   2. 

331  pp.,  1920,  N.  Y.,  McGraw-Hill  Book  Co. 
Electricity,  Elementary 
Hudson,  Ralph  G. 

Engineering  Electricity. 

190  pp.,  1920,  N.  Y„  John  Wiley  &  Sons,  Inc. 
Electroplating 
Langbein,  George 

Electro-deposition    of    Metals.     Ed.    8. 
863  pp.,  1920,  N.  Y.,  H.  C.  Baird  &  Co. 
High  Frequency 
Curtis,  Thomas  S. 

High     Frequency     Apparatus;     Design,      Con- 
struction and  Practical  Application,  Ed.  2. 
269   pp.,    1920,    N.   Y.,    Norman   W.   Henley 
Pub.  Co. 
Mechanics 

Lamb,  Horace. 

Higher  Mechanics. 

272  pp.,  1920,  Cambridge,  England,  Univer- 
sity Press. 
Public  Utilities — Valuation 
Wilcox,  Delos  F. 

Working  Capital  in  Street  Railway  Valuation. 
24  pp.,  1920,  Philadelphia,   American  Acad- 
emy of  Political  and  Social  Science. 
Steel — Analysis 

Johnson,  Charles  Morris. 

Rapid   Methods  for  the  Chemical  Analysis  of 
Special  Steels,  Steel-Making  Alloys,  Their 
Ores    and    Graphites.      Ed.    3. 
552  pp.,  1920,  N.  Y.,  John  Wiley  &  Sons,  Inc. 
Steel — Heat  Treatment 
Sauveur,  Albert. 

Metallography   and    Heat    Treatment   of   Iron 
and  Steel.     Ed.  2. 
486    pp.,     1920,     Cambridge,     Sauveur    and 
Boylston. 
Storage  Batteries 
Dunn,  Lucius  C. 

Storage  Battery  Manual. 

391     pp.,     1920,     Annapolis,     U.     S.     Naval 
Institute. 
Vacuum  Tubes 

Van  der  Bijl,  H.  J. 

Thermionic  Vacuum  Tube  and  its  Application. 
391  pp.,  1920,  N.  Y.,  McGraw-Hill  Book  Co. 


GENERAL  ELECTRIC  REVIEW 


Where  to  Get  G-E  Service— 

Quick  service  is  best  obtained  from  the  nearest  G-E 
sales  office,  distributing  jobber,  or  foreign  representative 


For  Basinets  in  the  United  States 

G-E  SaUa  Office 


lrariclsm]f 


G-E  Distributing  Jobber 
.  Mattlicna  Elec.  Supply  Co. 
.Matthew*  Klcc.  Supply  Co. 


t  .,f  I  '..IniirMa 

lonai  J "  kvonvllti 

Florida.  Tampa*      . 
Ocaffls,  lUnull 

i  tenia,  ■-■  iv  iiinjih: 

llllrir.li.  Chicago*)'.. 


I   riUlitr.il   I   rig     I  "<! 

aal  i  i,,'i  Sappll  i 

I    I    !■■       ■    IPC 


G-E  Sale.  '  Ml .r 

i.  Ilnflalo. 

k'cisylt.'i        :    ' 


Sew  York.  Niagara  Kalla 
New  York.  H.irheater 
New  York,  Pcbeneetady. . . 
New  York.  Syracuse.  .  . 
North  Carolina.  Charlotte 
Oh)...  Cincinnati t 

■  Ihlo    '  "l  nrihui 


G-E  Distributing  Jobber 


Elec.  Supply  A  ', 


ilpment  Co 


Iiifll.ni'i.    I  rl-r.     HaUU         ...      . 

Kciitii.'ky.  I  oiil*vlllr  ItHknao    llurrlwarcA  Manufac- 

Oull  SUM*  l  I"  trie  Co..  In 

Boulbern  t  " 

Pcttlnge!!-; 


okL.hor 


city* 


Pennsylvania!  Pbliadelphlntt.     '.  Philadelphia  '  Eleci 
Pennsylvania,   PltWbiirgnt Union    I  lectrlc  i  .. 

Idiot.'    1-1. I'M     F ' r ..-.- 1 , t ,,,.-, -  .      ... 

..  «  v.lumtila  : Perry-Mann    Elec 


MWilgan!  ilrutnl  It* 
Michigan   Jackaon, 


.Frank  C.  Teal  Company 
Northwestern     Electric    Equip- 


North  western  Elec    Equip.  Co 


Texas.  Houston  t 
Utah.  A  -  ■ 

Virginia 


Naahville 
'lake  rityt 


Distributor*  for  the  General  Electric  Company  Outaide  of  the  United  Statea 

INTERNATIONAL  GENERAL  ELECTRIC  COMPANY,  INC. 

120  Broadway.  New  York.  N    Y.       Schenectady.  N.  Y        S3  Cannon  Street.  London 
Foreign  Officea  and  Repreaentativea 


Engineering    WorkB.  Tokyo;   1 

tlonal   Electrical   &    Englneerln 
din.  Csrlatebur  ' 


Ari-lr..li..      A 

lUlt'l...'.'.'":''',' 
PTOCtde* 

BnuMla 

llollvla      lute 

■ass 

•<:  Soelete  dElectrlcltr  ei  de   Me 
\lii.  liln.ry  Co.,  La  Pa i  and  On 

s 

Bnill:  Gent 

Canada:   Can 

Chile:      Intern!.! i,l 

lagaj-ta  and   Vtilpar 

M  ii  bitten    i 

3mpany.    Santiago 

A 

China:    Arirlerien.    Mow  4  Com|i« 
International     l.i-neral    Electric    ('< 
Uvea  of  the  lur  inii,  i-*.- 1  inline  Chi 

Colombia:     \\  esselbueft    A     Poor,    *> 

a  and  Japan) Sbangha 
edelltn,    Harranqutlla 

Cuba:    Otter 

e  Company  o( 

Cuba    Havana 

Soerabnla. 

r«lT 

nternallonal  C 

cneral   Electric   C 

Ecuador    i  a 

lo.  r    ,,r 

over..  Ciayao 

111  and  Quito. 

.  Illr^i 


Por.nual   . 
Paris.  E 


General  Office 
Schenectady.  N.Y 


Sales  Offices  in 
all  large  cities 


Say  yett  saw  it  advertised  in  the  General  Electric  Review 


THREE  DOLLARS  PER  YEAR 


THIRTY  CENTS  PER  COPY 


GENERAL  ELECTRIC 
REVIEW 


VOL.  XXIV,  No.  5 


Published  by 
General  Electric  Company's  Publicatu 
Schenectady.  N.  Y. 


MAY.  1921 


STEEL   MILL    INDUCTION   MOTOR    INSTALLATION   WITH   SCHERBIUS  SYSTEM    OF  SPEED   CONTROL 

REGULATING   SET   ON   LEFT;    MAIN   MOTOR   ON   RIGHT 

(See  article,  page  422  i 


1 


{ 


PELTON 


[ 


Six   lOOO-h.p    Verfical    PELTON    Multiple   Norzle   Impulse  Turbines    ind    li 
Croa-Cui  I'lanl,  Salt  River  Reclamation  Distrut,  Arizona 


n iiiiiiiii.iiiiiiiiiiiiiiiiiii 


IIIIIM Ill 


— MniimiuiuuAiiiiii^u 

Under  Extreme 
Conditions 

where  seemingly  unsurmountable 
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THE  CIRCULAR-COIL  HIGH-VOLTAGE  TRANSFORMER 


Power  transmission  at  220,000  volts  is 
scheduled  to  become  an  accomplished  fact  in 
the  near  future.  Confidence  in  the  attain- 
ment of  this  transmission  voltage  has  long 
been  inspired  by  the  successful  operation  of 
150,000-volt  lines,  but  the  actual  construction 
of  such  an  installation  has  been  delayed  by 
the  diverting  activities  of  war. 

Because  the  constant  trend  toward  higher 
transmission  potentials  has  inclined  us  to 
speak  offhand  of  the  pressures  as  so  many 
kilovolts,  and  because  the  present  abrupt 
jump  brings  us  up  to  the  value  which  has  been 
predicted  as  the  standard  for  future  long- 
distance super-power  systems,  it  might  lie 
well  to  pause  a  moment  and  in  terms  other 
than  voltage  consider  the  effectiveness  of 
power  transmission  at  this  potential.  Under 
such  a  degree  of  pressure,  the  concentration  of 
energy  is  so  great  that  100  horse  power  could 
be  transmitted  by  the  filament  in  an  ordinary 
40-watt  incandescent  lamp  without  heating 
this  minute  conductor  above  its  normal 
operating  temperature  or  shortening  its 
rated  life. 

An  explanation  of  the  conditions  which 
have  led  the  Southern  California  Edison 
Company  to  take  active  steps  toward  employ- 
ing '220,000  volts  is  set  forth  in  the  article  by 
Mr.  Barre  in  this  issue  and  the  circular-coil 
type  transformers  that  will  be  used  are 
described  by  Mr.  Jones.  While  it  is  only 
natural  that  the  attention  given  to  those 
things  that  are  newest  and  biggest  should 
with  pride  be  directed  to  these  transformers, 
which  are  being  built  for  the  highest  operating 
voltage  in  the  world,  the  really  significant 
fact  is  that  their  manufacturer  has  for  years 
been  building  transformers  of  the  same 
general  type  and  therefore  in  the  construction 
of  these  super-voltage  units  was  not  obliged 
to  resort  to  radical  changes  in  design. 

The  mere  use  of  the  circular  coil,  even 
though  it  be  a  fundamental  requisite  of  the 
best  practice,  is  not  in  itself  a  proof  of  superior 
results.  Such  results  are,  no  doubt,  possible 
only    with    that   extended    experience    which 


enables  the  manufacturer  t<>  gauge  correctly 
all  of  the  factors  entering  into  the  design  of 
the  apparatus  and  to  appreciate  fully  the 
limitations  as  well  as  the  value  of  his  methods. 
Fortunately,  in  this  instance,  the  manu- 
facturer has  had  just  that  experience,  and 
there  is,  therefore,  that  assurance  of  success 
which  is  to  be  expected  of  a  construction  that 
has  passed  through  its  developmental  stage 
and  has  established  an  enviable  record  in 
service.  The  importance  of  this  achieve- 
ment and  its  significance  in  pointing  the  way 
for  the  best  power  transformer  practice  are 
of  general  interest  to  all  power  transformer 
users.  Past  experience  has  shown  beyond 
question  that  the  circular-coil  design  is 
invaluable  in  the  construction  of  superior 
transformers  for  any  class  of  sendee;  and  the 
years  already  spent  in  the  development, 
standardization,  and  quantity  production  of 
units  of  this  type  have  enabled  the  manu- 
facturer to  reduce  his  costs  to  a  point  well 
within  the  competitive  range  of  less  expensive 
and  less  desirable  constructions. 

While  the  opinion  has  recently  been  stated 
editorially  that  the  difference  between  the 
collective  merits  of  the  eircular-coil  and  the 
rectangular-coil  type  of  construction  will 
probably  not  materially  affect  the  quantity 
production  of  either  type,  convincing  evidence 
to  the  contrary  is  at  hand  through  information 
that  other  manufacturers  have  already  begun 
to  use  the  circular-coil  design  in  the  larger  and 
more  important  units. 

A  matter  of  further  interest  is  the  oil 
conservator  tank  which  apparently  has  also 
"come  to  stay"  in  the  transformer  field. 
Service  records  already  show  that  this  device 
solves  the  moisture  problem  completely  and 
this  alone  would  make  it  indispensable,  par- 
ticularly for  outdoor  installations.  Its  addi- 
tional advantages,  in  preventing  oil  decom- 
position and  in  protecting  the  usual  trans- 
former insulations,  are  extremely  important 
from  the  economic  as  well  as  the  operating 
viewpoint  and  they  bid  fair  to  add  a  large 
percentage  to  the  useful  life  of  the  apparatus. 
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MAINTAINING  THE  CONDITION  OF  STEAM 

TURBINE   OIL 

.\  f,  -  ducation  is 

tance  in  the 

inery.     Any 

in  repair  this  truth, 

nply  a  matter  of  wear, 
and  wear  is  a  matter  of  lubrication. 

In  steam  turbines  the  hi  ratures 

produced  by  superheated  steam  and  the  high 
journal   spei 

lubrication  that  are  peculiar  to  this  t 
engu  i  ati  ly,   the  bearing   pressures 

per  square  inch  are  relatively  low  as  a  rule; 
hut  these  pressures  are  increasing  with  the 
increase  in  size  of  units,  necessitating  a  more 
rapid  circulation  of  the  oil  and  the  need  for 

in  maintaining  its  lubt 
iii},r  properties  at  the  maximum. 

In  the  early  days  of  steam  turbine  develop- 
menl    much    trouble    was    experienced    with 
bearings  owing  largely  to  the  fact  that  the 
only  lubricating  oils  that  were  available  were 
developed  for  other  purposes  and  were  unsuit- 
1111  turbine  use.    Diligent  research, 
however,   has   remedied  this  deficiency  and 
'roubles  in  almost  all  cases  are  due  to 
the  wrong  use  of  oil  rather  than  the  u 
wrong  oil.     Abuse  and  neglect  of  the  best  oil 
will  kill  it  in  a  surprisingly  short  time,  while 
i  -ts  have  pretty  thoroughly  pn  ived 
that  good  oil,  if  kept  free  from  foreign  sub- 
.  does  not  lose  its  lubricating  proper- 
ties after  years  of  continuous  use. 

Turbines  in  modern   power  plants  are   in 
main'  instances  required  to  run  for  long  con- 
tinuous periods,  a  condition  which  does  not 
permit  of  drawing  off  the  oil  at  stated  inter- 
vals for  filtration  and  purification.     A  satis- 
system    of    oil    treatment    therefore 
requires   that   some  means  be   employed   of 
purifying  the  oil  in  the  course  of  its  circulation 
through  the  oiling  system.     If  the  entrapped 
water,  air  and  small  particles  of  solid  matter 
can  be  continuously  removed  from  the  oil  no 
ification  will  occur,  and  without  emul- 
ation slugging  is  impossible. 
This  highly  important  matter  of  oil  purifi- 
cation is  ably  discussed  in  this  issue  by  C.  H. 
Bromley.    The  general  subject  of  lubricati'm 
and  lubricating  oils  has  only  been  briefly  con- 
sidered   in    the    GENERAL    ELECTRIC    REVIEW 

from  time  to  time,  but  the  editors  are  now 
able  to  promise  a  series  of  articles  on  this 
ting  phase  of  engineering. 


THE  MODIFIED  SCHERBIUS  SYSTEM 
The  simple  construction  and  splendid 
lility  of  the  induction  motor  were  power- 
ful incentives  to  the  steel  mill  owner  to  adapt 
his  mill  to  induction  motor  speed  characteris- 
t  ies.  This  change  would  doaway  with  the  mi  ire 
delicate  and  less  efficient  direct-current  equip- 
ments that  for  a  long  time  were  necessarv  for 
mills  requiring  adjustable  speed  over  a  con- 
siderab  Of  course,  the  single  speed 

induction  motor  was  immediately  applicable 
to  mills  rolling  a  single  product  requiring  only 
one  speed,  but  where  a  variety  of  sei 
were  rolled  in  the  same  mill,  or  where  the 
product  was  in  several  mills  at  one  time,  it 
was  of  advantage  and  often  absolutely 
necessary  to  have  adjustable  speed.  Many 
schemes  have  been  developed  for  altering  the 
of  induction  motors  for  steel  mill 
service,  but  the  outstanding  methods  are  the 
modified  Schcrbius  system  and  the  Kraemer 
system,  both  of  which  are  described  and  com- 
pared by  K.  A.  Pauly  in  this  issue. 

Where  the  speed  of  the  induction  motor  is 
controlled  by  resistance  a  series  characteristic 
obtains,  that  is,  the  speed  is  proportional  to 
the  load  and  the  speed  range  depends  upon 
the  amount  of  resistance  and  the  load.  With 
resistance  control  the  overall  efficiency  is  very 
low  when  running  at  reduced  speeds.  Willi 
the  modified  Scherbius  system  the  desirable 
induction  motor  characteristics  are  preserved, 
that  is,  the  speed  of  the  motor  may  be  con- 
trolled at  no  load,  and  when  the  load  is 
applied  there  is  a  change  in  speed  from  no 
load  to  full  load  which  is  only  slightly  greater 
than  the  slip  of  a  corresponding  simple  induc- 
tion motor;  conversely  when  the  load  goes  off 
the  speed  remains  practically  constant,  cor- 
responding to  the  setting  of  the  control,  and 
does  not  increase  to  synchronism  as  with 
resistance  control.  The  overall  efficiency  of 
the  Scherbius  system  is  high,  and  in  addition 
a  means  exists  for  correcting  the  power  factor 
of  the  induction  motor.  An  equally  important 
feature  is  that  the  high  pull-out  torque  of  the 
induction  motor  is  preserved  at  all  speeds. 
The  double  range  Scherbius  system  makes 
it  possible  to  place  the  synchronous  speed  of 
the  induction  motor  approximately  in  the 
center  of  the  speed  range,  thus  permitting 
of  absolutely  dependable  operation  over  a 
considerable  range  both  above  and  below  syn- 
chronism. The  ability  to  run  at  intermedi- 
ate speeds  is  an  advantage  because  a  large 
variety  of  sections  can  be  rolled  at  these 
speeds  without  the  use  of  the  auxiliaries,  and 
therefore  with  an  increase  in  overall  efficiency 
and  a  reduction  in  maintenance. 
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Present  Status  of  Conversion  of  Big  Creek  Line 

of  Southern  California  Edison  Company 

from  150,000  to  220,000  Volts 

By  H.  A.  Barre 
Executive  Engineer,  Southern  California  Edison  Co. 

Faced  by  the  necessity  of  increasing  the  carrying  capacity  of  its  transmission  line  either  by  building 
additional  circuits  or  by  raising  the  voltage  of  the  existing  line,  the  Southern  California  Edison  Company 
has  selected  the  latter  alternative  as  being  the  more  economical.  The  preparations  for  the  transition  to 
220,000  volts  are  outlined  in  the  following  article.  The  auto-transformers  referred  to,  for  raising  the  line 
voltage  from  150,000  to  220,000  volts,  should  not  be  confused  with  those  described  by  Mr.  Clinton  Jones 
elsewhere  in  this  issue.  The  latter  are  to  be  used  for  tying  in  a  new  generating  station  through  a  single 
transformation  from  11,000  to  220,000  volts. — Editor. 


For  several  years  past  the  Southern  Califor- 
nia Edison  Company  has  been  engaged  in 
studying  the  power  resources  of  the  San 
Joaquin  River  and  preparing  a  program  for 
their  development  as  the  demand  for  power 
grows.  The  progress  of  these  studies  devel- 
oped the  fact  that  there  were  between  700,000 
and  800,000  kw.  available,  the  larger  part  of 
which  must  be  transmitted  to  Los  Angeles, 
a  distance  of  240  miles.  Since  the  capacity  of 
the  two  150,000-volt  circuits  now  operating 
over  that  distance  is  55,000  kw.  each,  it  was 
quickly  apparent  that  the  possibilities  of 
higher  voltages  must  be  studied  to  reduce  the 
number  of  circuits  and  to  obtain  a  correspond- 
ingly reduced  cost  per  kilowatt  transmitted. 

The  rapid  growth  of  the  load  indicates  that 
additional  plants  must  be  developed  and 
placed  in  operation  by  1923,  at  which  time- 
additional  capacity  will  be  needed. 

Raising  the  voltage  of  the  present  Big 
Creek  150,000-volt  lines  to  220,000  volts 
promises  to  be  the  quickest  and  cheapest 
method  of  obtaining  the  increased  capacity. 
On  account  of  the  fact  that  in  case  anything 
develops  to  make  this  plan  impracticable, 
additional  circuits  must  be  built  in  time  to 
coincide  with  the  completion  of  the  power 
plants,  the  Company  has  decided  to  proceed 
as  actively  as  possible  with  the  necessary 
development  work  on  the  transmission  line 
at  the  present  time.  The  problem  of  the 
Edison  Company  is,  therefore,  not  the  general 
one  of  how  to  build  a  220,000-volt  trans- 
mission system,  but  the  more  specific  one  of 
how  to  convert  the  existing  150,000-volt 
system  into  one  for  220,000  volts. 

The  studies  have  now  progressed  to  the 
point  where  a  concrete  plan  of  tests  is  ready 
to  be  carried  out.  This  plan  naturally  takes 
into  consideration  separately  the  line  and  the 
station  equipment. 


Considering  first  the  line,  the  experiments 
of  Peek,  Ryan,  and  others  have  provided  us 
with  various  types  of  shield  rings,  the  effect 
of  which  is  to  cause  a  more  uniform  distribu- 
tion of  potential  across  the  individual  units 
of  an  insulator  string,   reducing  those  most 
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Fig.  1,  Connections  of  Stations  for  Changing  the  Voltage  of 
the  Southern  California  Edison  Company's  150,000-volt  Trans- 
mission System  to  220,000  Volts.  Present  connections  at  the 
left.  Proposed  connections  at  the  right,  in  which  each 
transformer  is  to  have  a  capacity  equal  to  100  per  cent  of  its 
station  capacity. 


highly  stressed  and  increasing  the  stress  in 
those  carrying  less  than  their  proportionate 
share.  With  such  an  arrangement  the  stresses 
on  the  individual  units  are  considerably  less 
at  220,000  volts  than  at  150,000  volts  without 
the  shield  rings,  as  far  as  fundamental  voltages 
are  concerned.  The  occasional  flashing  over 
of  insulators  on  this  line  has  not  yet  been 
accounted  for,  and  while  perhaps  not  due  to 
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may  he  all  that  it  is  in  to  do,  but  in 

dditional  length  of  insulator  strings  are 

shielding,   plans  have 


will  be  approximately  31 1  apacity  and 

to  take  care  i 
nits,  grounds, 

will  1" 

hem  for  any 

re  will  be  one  bank  of  these  trans- 
formers in  each  line,  installed  between  the 
line  and  the  station,  and  each  bank  will  be 
equal  1  acity  of  the  station.    The  net 

will  be  that  these  transformers  will 
becon  the  line  and  will  be  Ir- 

as such,  and  the  full  capacity  of  any  station 
can  be  supplied  over  either  line  through  the 
transformers  connected  to  that  line. 

No  nent  of  any  kind  will 

-  side  of  these  transformers, 


Fig.  2.     Eagle  Rock  Substation  of  the  Southern  California  Edison  Company 


been  made  for  the  modification  of  the  tower 
tops  to  provide  the  increased  clearances 
necessary  and  further  tests  will  be  carried  -  iu1 

Passing  to  the  various  stations  on  the  line. 
Fig.  I  shows  the  present  arrangement.    These 
stations  are  all  completely  equipped  for  two 
entering  line  pi  isil  i<  ins  and  for  double  15l 
volt  bus  connections  inside. 

It  i  to  leave  the  inside  of  these 
stations  exactly  as  they  are  now  and  to 
install  in  the  outgoing  lines  banks  of  trans- 
formers fur  raising  the  voltage  from   l50,l 



These  t  ransfi  in  :  ie  star-conm 

on  the  high  side  and  delta  on  the  low.    The 

high  side  will  be  arranged  as  an  auto-trans- 

-  with  150,000-volt  taps  on  the  220,000- 

volt  winding.    The  low  -tension  delta  windings 


and  the  only  instruments  will  be  ammeters 
in  the  ground  connection. 

While  the  capacity  of  the  transformers  is 
spoken  of  as  being  equal  to  the  capacity  of  the 
station,  it  must  be  remembered  that  their 
principal  function  is  to  act  as  auto-trans- 
formers, and  they  will  lie  actually  only  35  to 
40  per  cent  of  the  size  of  those  of  their  actual 
normal  rating.  Moreover,  they  can  be 
designed  for  maximum  efficiency  at  one-half 
and  a  slight  falling  off  permitted  when 
bank  is  carrying  the  whole  load  of  a 
station. 

This  plan  has  the  advantages  of  low  first 

tost,   high  electrical  and  financial  efficiency, 

elimination    of    high-voltage    oil    switches    i  f 

ity,  and  does  not  disturb  or  render 

obsolete  any  existing  plant  or  investment. 
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The  last  step  in  potential — namely,  to 
220,000  volts — had  been  discussed  for  some 
time  prior  to  1920,  but  no  actual  moves  were 
made  by  the  operators  until  last  summer, 
when  the  Southern  California  Edison  Com- 
pany placed  an  order  with  the  General  Elec- 


Circular-coil  High-voltage  Power  Transformers 

220-kv.,  8,333-kv-a.  Units  for  Southern  California  Edison  Company 

By  Clinton  Jones 

Transformer  Department,  General  Ele<  iki<   Company 

The  fact  that  the  circular-coil  design  of  transformer  is  being  used  in  building  the  highest  voltage  power 
transformers  in  the  world  attaches  a  special  significance  to  this  type  of  construction.  In  lower  voltage  rat- 
ings, it  has  already  established  an  enviable  reputation.  The  following  article,  which  is  an  expansion  of  one 
by  the  author  in  the  Electrical  World,  February  5,  1921,  explains  wherein  it  is  superior  to  that  of  the  rec- 
tangular-coil design  and  discusses  the  details  of  the  construction.  A  description  of  the  oil  conservator  tank 
and  the  new  220,000-volt  bushing  is  also  included. — Editor. 

Popular  interest  in  the  so-called  "super- 
power" system  has  been  intensified  by  the 
coal  and  oil  situation,  the  war  conditions,  the 
recently  crippled  condition  of  our  transporta- 
tion facilities,  and  the  probability  of  further 
railway  electrification.  Fortunately,  elec- 
trical interests  have  long  foreseen  the  tiltimate 
necessity  of  higher  voltage  and  larger  power 
transmission  systems — such  transmission  sys- 
tems as  would  not  only  decrease  the  present 
waste  in  undeveloped  power  but  also  steadily 
increase  the  efficiency  of  all  power  in  use  and 
relieve  the  railroads  of  a  vast  amount  of  their 
present  coal-carrying  burden. 

The  movement  toward  this  very  vital 
national  economy  is  being  furthered  by  the 
enterprise  and  foresight  of  individual  opera- 
tors who  are  so  planning  and  building  their 
systems  as  greatly  to  simplify  (he  eventual 
linking  up  of  what  may  lie  termed  the  "key 
transmissions"  of  the  various  industrial  and 
agricultural  areas.  The  line  voltage  of 
220,000,  which  has  been  tacitly  agreed  upon 
as  being  the  approximate  economic  potential 
for  these  extensions  and  interconnections, 
constitutes  a  very  abrupt  step  in  the  curve  of 
maximum  transformer  voltages,  as  indicated 
in  Fig.  1.  Nevertheless,  there  is  every  indi- 
cation that  the  use  of  220, (HID  volts  will  be 
attended  with  just  as  much  success  as  that 
which  characterized  the  first  operation  of 
L50,000-volt  apparatus  l>y  the  Southern  Cal- 
ifornia Edison  Company.  The  circular  coil 
concentric  winding  design  is  being  used  for  the 
first  transformers  and  this  construction  has 
already  proved  of  great  value  in  the  develop- 
ment toward  a  safer  apparatus  for  very  large 
powers  and  high  voltages.  The  elimination 
of  the  air  space  in  the  main  containing  tank 
is  another  noteworthy  advance,  also  the  com- 
pletion and  standardization  of  an  oil-filled 
220,000-volt  bushing  to  be  interchangeable 
lor  all  apparatus  and  services  with  the  excep- 
tion of  the  line  itself. 

*  Paper  by  Sorensen.  Cox  and  Armstrong,  A.I.E.E.,  1919. 
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trie  Company  for  four  water-cooled  50-cycle, 
8,333-kv-a.  transformers,  arranged  for  opera- 
tion at  220, ODD  volts,  stepping  up  from  a 
generated  voltage  of  11,000.  These  will  be 
used  in  the  company's  new  hydro-electric 
station,  to  be  known  as  "Big  Creek  No.  8," 
which  will  be  a  part  of  an  ultimate  develop- 
ment for  the  transmission  of  750,000  h.p.  at 
220,000  volts,  over  a  distance  of  240  miles. 
No  definite  time  has  yet  been  set  for  opera- 
tion at  220,000  volts,  but  it  must  be  in  the 
near  future,  as  the  present  lines  of  tne  South- 
ern California  Company  will  soon  be  loaded 
to  their  full  capacity  and  it  is  imperative  that 
more  power  In-  delivered  to  Los  Angeles  Coun- 
ty at  an  early  date.  This  transmission  is 
interesting  in  that  it  will  be  available  as  a 
permanent  link  in  the  220,000-volt  California 
bus*  by  which  it  is  proposed  to  interconnect 
all  the  large  natural  powers  throughout  the 
state. 
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and   made  at   great  expense.     Furthermore, 
i  >ry  apparatus  was  built  for 
possible  the 
duplication    of   phenomena   existing   in   field 
service  and  thus  more  careful  and 

extended  investigations.  The  results  ob- 
tained were,  as  is  quite  usual  in  such  cases. 
explained  without  much  difficulty  by  theo- 
retical and  practical  considerations,  and  it 
can  be  said  in  all  confidence  that  all  of  tin 
•nena  inimical  to  the  safety  and  opera- 
if  high-voltage  lines  and  apparatus  are 
quite  - 

Advantages  of  Circular  Coil  for  High- voltage  Trans- 
formers 

Much  lias  been  said  in  regard  to  the  merits 
of  different  typical  transformer  constructions 
for  high-voltage  work,  so  that  it  will  not  be 
amiss  t>>  examine  the  design  of  this  pioneer 
220,000-volt  unit.  It  should  be  said  here 
that  the  General  Electric  Company  earlv 
comn  to   the  use  of  the   circular 

coil  in  small  form-wound  sections  for  all 
power  transformers.  The  accumulated  expe- 
rience  of   the   company,    both    in   the   early 

:  inwer  units 
when  the  "shell"  form  with  rectangular  coils 
was  used  almost  universally  and  in  these  later 
that  have  seen  such  remarkable  strides 
in  capacity  and  voltage,  all  points  unmistak- 
ably to  the  circular  coil  as  the  keynote  to 
permanent  practice  and  every  danger  that 
still  threatens  from  the  use  of  longer  lines 
with    higher   voltage    and    larger    powi 

ciated  with  some  important  char- 


design  dependent  direct!', 
•rm  of  the  coil. 

The  superior  mechanical  characteristics  of 
the  small  circular  coil  have  already  proved 
invaluable  in  constructing  power  units  which 
will  withstand  the  destructive  efforts  of  short 
circuit  as  demonstrated  by  actual  tests  with 
rsatthecompany'sSchenectadyfac- 
n     i  mechanical  characteristics  may  be 
summed  up  in  their  larger  sense  as  resulting : 
Prom  the  fact  that  a  transformer  coil 
magnetic  stress  from  concentrated  leak- 
lux— i.e.,  under  short  circuit — tends  to 
assume  a  circular  form. 

(2)  From  the  practicability  of  assembling 
such  coils  with  frequent  cross-bracing  in  the 
direction  of  the  oil  flow,  thus  giving  positive 
support  to  all  conductors  at  short  intervals 
without  interfering  with  the  cooling  action  of 
the  oil. 

The  important  advance  in  thermal  charac- 
teristics  made  possible  by  this  construction 
may  also  be  summarized  under  two  general 
heads — namely,  the  reduction  in  heat- 
blanketing  effect  of  the  intercoil  bracing 
structure  and  the  increased  cooling  efficiency 
oil  ducts. 

The  first  advantage  accrues  from  the  use  of 
narrow  coil  and  group-spacing  braces  at  right 
angles  to  the  conductors,  thus  reducing  to  a 
fraction  of  an  inch  the  length  of  the  heat- 
conducting  path  from  center  of  brace  to  the 
oil.  The  second  is  the  result  of  the  very  short 
oil  duct  in  the  circular  coil  assembly,  where 
the  oil  flow  is  across  instead  of  along  the  con- 
ductor and  the  length  of  the  duct  is  deter- 
mined by  the  width  of  the  coil  rather  than 
its  length.  These  combined  advantages  have 
made  it  possible  to  construct  large  power 
units  in  which  the  "hot-spot"  temperature 
is  mainly  due  to  the  difference  in  oil  temper- 
ature as  between  the  top   and  bottom  coil 

els,  and  this,  in  turn,  can  be  controlled  to 
a  large  extent  in  the  design  of  the  particular 
transformer  and  its  cooling  system. 

Protection  of  Coil  Insulation  from  Injury 

The  protection  of  turn  insulation  from 
mechanical  injury  both  in  manufacture  and 
operation  is  also  a  noteworthy  improvement 
characteristic  of  the  small  circular  coil.  As 
this  is  a  very  vital  detail  of  any  design  it  will 
bear  brief  examination.  Such  insulation 
naturally  occupies  a  very  restricted  space  and 
must  stand  a  high  puncture  voltage  per  mil. 
Uniformity  is  obviously  necessary,  and  a 
plurality  of  thin  layers  is  therefore  advisable. 
The  protection  of  this  fibrous  insulation  in  the 
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winding  and  treating  process  and  the  preser- 
vation of  it  in  operation  has  been  made  much 
mi  ire  certain  by  the  use  of  the  small  circular 
coil;  which  is  wound  with  uniform  tension, 
has  110  sharp  corners  and  expands  and  con- 
tracts uniformly  over  the  necessary  wide 
range  of  operating  temperatures. 

1 1  would  be  impracticable  and  out  of  place 
here  to  go  into  any  great  detail  as  to  the  general 
merits  of  the  circular  coil  construction  and  its 
adaptability  within  the  commercial  range  of 
power  transformers.  Enough  has  been  said, 
however,  to  indicate  the  basic  reasons  for  the 
emphasis  that  the  manufacturer  has  placed 
on  the  form  of  the  coil.  As  the  importance  of 
insulation  increases  the  importance  of  pro- 
tecting it  from  mechanical  damage  or  over- 
heating also  increases.  Thus  the  natural 
ruggedness  and  uniform  thermal  qualities  of 
the  circular  coil  come  into  play  with  increased 
force.  If  the  oil  duct  of  a  low-voltage  trans- 
former becomes  partially  clogged  by  oil 
deposit  or  the  distortion  of  a  coil  due  to 
magnetic  stress,  the  only  immediate  effect 
may  be  in  increase  in  local  heating.  If  one  of 
these  things  happens  in  an  extra-high-voltage 
unit,  it  may  easily  cause  a  breakdown  between 
coils  at  the  next  line  disturbance. 

Again,  the  circular  coil  design  is  exception- 
ally well  adapted  to  the  concentric  arrangement 
1  >ei  ween  high-voltage  and  low-volt  age  windings 
and  this  arrangement  has  been  considered  by 
the  General  Electric  Company  as  being  indis- 
pensable for  extra-high-voltage  construction. 
The  value  of  the  concentric  assembly  may  be 
emphasized  under  three  main  points: 

( 1 )  It  allows  of  a  very  important  simpli- 
fication of  the  major  insulation  (in- 
sulation between  high-voltage  and  low- 
voltage  windings  and  to  ground). 
This  consists  of  a  number  of  con- 
centric cylinders  between  the  core 
and  low-voltage  winding  and  between 
the  low-voltage  and  high-voltage  wind- 
ings. These  cylinders  are  highly 
laminated  and  are  built  up  on  steel 
forms  under  high  pressure  and  tem- 
perature. They  are  practically  as 
strong  mechanically  as  the  coils 
themselves  and  will  resist  temperatures 
much  in  excess  of  the  highest  oil 
temperature  which  it  is  possible  to 
employ  in  transformers.  They  are  so 
installed  with  longitudinal  bracing  as  to 
give  a  continuous  line  of  support  from 
the  outer  circumference  of  the  winding 
to  the  core.  This  precludes  any  move- 
ment of  parts  and  closing  of  oil  ducts. 


The  uniformity  and  reliability  of  this 
arrangement  enables  the  engineer  to 
place  much  greater  weight  on  other 
determining  factors  of  design  which, 
in  other  types,  such  as  the  inter- 
leaved shell  form,  must  be  sub- 
ordinated to  a  complicated  and  bulky 
system  of  prcssboard  collars,  group 
casings,  channel  pieces,  etc.,  the  com- 
plete system  being  repeated  between 
each  group  of  high-voltage  and  low- 
voltage  members  and  consisting  in  total 
of  hundreds  of  separate  pieces  for  a 
transformer  of  extra-high  voltage. 

2)  With  the  concentric  arrangement  great 
mechanical  strength  is  easily  obtained 
for  high-voltage  designs.  The  mechan- 
ical support  between  the  ends  of  the 
stacks  or  groups  of  high- voltage 
windings  and  the  core  frames  must  be 
made  through  some  sort  of  insulating 
structure  which  will  have  a  relatively 
large  ereepage  surface  and  be  of 
sufficient  strength  to  withstand  such 
short-circuit  forces  as  may  be  imposed 
by  the  design.  The  principal  forces 
of  short  circuit  result  from  the  crowd- 
ing of  the  total  flux  into  the  space  or 
spaces  between  the  high-voltage  and 
low-voltage  winding  groups.  In  the 
concentric  type,  the  high-voltage  and 
low-voltage  members  each  consist  of 
a  single  group  on  each  core  leg  so  that 
the  forces,  at  right  angles  to  the  flux, 
are  radial  and  are  balanced  between 
the  coils  themselves;  while  in  "inter- 
leaved" or  "grouped"  designs  there 
are  a  number  of  high-voltage  and  low- 
voltage  groups  in  "sandwich"  arrange- 
ment on  each  leg  and  the  forces  are 
axial,  thus  leaving  an  unbalanced 
force  at  the  ends  of  the  stacks. 

(3)  The  single-group  concentric  design  is 
of  great  value  in  preventing  the  con- 
centration of  electrostatic  flux  from 
abnormal  voltages.  The  high-voltage 
coils  present  an  electrically  uniform 
and  continuous  path  for  such  dis- 
turbances, a  path  which  is  unin- 
terrupted by  the  interposition  of  low- 
voltage  groups  as  in  "interleaved" 
structures.  This  uniformity  prevents 
dangerous  voltage  concentrations  due 
to  abrupt  changes  in  the  constants  of 
the  circuit,  changes  which  become 
natural  reflecting  points  for  travelling 
waves  and  nodal  points  for  standing 
waves. 
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Fig.  2.  Connection  Diagram  of  High-voltage  Side  of  220,000- 
volt  Single-phase  Transformer  for  Y  Connection  on 
Grounded-neutral  Circuit.  Line  enters  "Buffer  Coils"  at  L. 
The  slantirg  lines  indicate  series  connections  between  the 
two  core  legs.  Symmetrical  sections  in  the  body  of  the  wind  - 
ing  on  cither  side  of  L  may  be  paralleled  to  provide  tap  volt- 
ages. This  diagram  is  schematic  only:  it  does  not  show  the 
number  of  coils  or  their  spacing 

pany  for  V-connected  permanently  grounded 

units.    The  sketch  in  Fig.  2  shows  diagramati- 

heme  <  if  ©  mnecl  ions  used.    It  will 

voltage  line  enters  the 

winding  a1  the  center  of  the  stacks  and   pro- 


ii  mi  ii 


-  el  ion    in    two  multiple 
d     This  avoids  I  hi 
ulating  the  winding  from  the  core  clamps 
for  the  voltage  of  one  coil,  and  elim- 
i  riking    distances  and    cr& 
ich   would  1"'  m 

1 1  ran  Ei  u  tners  or  trans- 
rs  for  delta  connection.     The  insulation 
and  enils  is  graded     o  \ 
afford  a  very  high  safety  factor  at   the    line 
end  where,  in  this  design,  abnormal  stresses 
would  reach  a  maximum,     h  is  not  necessary 
to  repeal  this  extra  insulation  in  the  body  of 
the    windings    as    mighl    be    required     with 
ixed  groups  of  high-voltage  and  low- 
voltage  coils. 

The  low-voltage  windings  con  iis1  oi  a  single 
helical  coil  for  each  core  leg  similar  to  those 
shown  in  Figs.  ■'!  and  I.  These  are  wound  on 
ventilated  insulating  cylinders  as  illustrated, 
and  are  so  proportioned  with  respect  to 
diameter  and  thickness  as  to  give  ample  sup- 
porting surface  and  rigidity.  They  arc  in- 
italled  next  to  the  core  iron  and  inside  of  the 
high-voltage  disc  coils.  Support  is  provided 
al  top  and  bottom  by  insulating  blocks  rest- 


Fig.  3.     Helical  Low  Voltage  Coil  in  Process  of  Winding 
on   Insulating   Cylinder 


Fig.  4.      Completed  Low  voltage  Helical  Coil 
Clamps  Ready  for  Varnish  Treatment 
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ing  on  the  core  frames.  Both  the  high- volt- 
age and  low-voltage  coils  arc  of  the  one  turn 
per  layer  type,  built  of  round  cornered  rec- 
t  angular  copper  and  ventilated  and  sup]  n  >n  i  ■•  1 
throughout  by  "U"  spacers. 

The  Southern  California  Edison  trans- 
former is  of  the  same  general  construction  as 
the  10,000-kv-a.,  120,000-volt  unit  shown  in 
Fig.  7  but,  unlike  the  latter,  has  no  porcelain 
supports  at  the  ends  of  the  stacks,  the  high- 
voltage  coils  resting  directly  on  steel  plates 
anchored  to  the  top  and  bottom  core  frames. 

The  line  end  of  the  high-voltage  winding, 
coming  from  the  center  of  the  stacks  as  shown 
in  Fig.  2,  is  brought  out  through  a  new  stand- 
ard oil-rilled  250,000-vol1  bushing  which  is  in- 
terchangeable as  between  the  transformers  and 
high-tension  oil  circuit  breakers.  This  bush- 
ing. Fig.  8,  will  be  interchangeable  with  any 
other  bushings  for  220,000-volt  apparatus 
which  may  be  furnished  later.  The  external 
shell  consists  of  two  porcelain  pieces  above  the 
transformer  cover,  one  porcelain  piece  below 
the  cover  and  an  intermediate  metal  cylinder 
which  is  flanged  at  the  upper  end  to  support 
the  bushing.  This  metal  portion  always 
extends  belowr  the  transformer  oil  level  to 
avoid  any  possibility  of  corona  in  transformers 
having  an  air  space  between  the  oil  level  and 
cover.      A    metal   tube  extends  from  to],   to 


bottom  through  the  center  of  the  bushing, 
and  the  intervening  space  between  this  tube 
and  the  porcelain  shell  is  filled  with  transil 
oil  and  concentric  cylindrical  insulating  bar- 
riers. The  glass  chamber  at  the  top  provides 
space  lor  expansion  of  the  oil  and  indicates 


Fig.  5.  The  Difference  in  Tension  Applied  in  Winding  a  Rec- 
tangular Coil  is  Illustrated  by  the  Difference  in  Lever  Arm, 
i.e.,  the  Difference  in  the  Distances  from  the  Spindle  to  the 
Sides.  It  is  impossible  to  obtain  uniform  tension  in  such  a 
coil  structure 


Fig.  6.  Uniform  Pressure  on  the  Insulation  and  Tension  on  the 
Conductor  in  all  Parts  of  the  Winding  is  Indicated  by  the 
Constant  Distance,  i.e.,  the  Lever  Arm,  Between  the  Con- 
ductor and  the  Spindle  of  the  Winding  Form 

its  level.  The  joints  between  the  shell  sections 
are  made  with  treated  cork  gaskets  com- 
pressed locally  by  numerous  bolts  engaging 
metal  clamping  rings.  The  central  tube 
serves  as  the  conductor  when  used  in  a  breaker 
and  as  a  conduit  for  a  cable  conductor  in  a 
transformer. 

The  bushing  has  a  dry  flashover  voltage  of 
660,000.  The  lightning  flashover  is  estimated 
at  more  than  twice  the  normal  frequency 
figure  and  is  equal  for  wet  or  dry  conditions. 
In  the  event  of  any  high  impressed  voltages 
the  bushing  will  not  puncture  but  will  arc  from 
the  terminal  to  ground  without  damage.  The 
general  design  of  the  bushing  is  such  than  an 
essentially  uniform  surface  distribution  of 
potential  is  obtained,  thus  preventing  corona 
on  the  surfaces. 

The  containing  tank  is  of  the  ' '  oil  con- 
servator" type.  Fig.  9,  having  a  separate 
chamber  for  oil  expansion.  The  principles 
involved  in  this  construction  are  the  elimina- 
tion of  the  usual  air  space  above  the  oil  in 
the  main  tank  and  the  isolation  of  the  hot  oil 
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ted  b) 
ide  air 
imula- 
auxiliary  I 

ab  olutely 


i  if  the  usual 
organic  transformer  insulations  is  greatly  re- 
duced by  the  use  of  a  conservator.    Ob\  i< 
this  is  a  very  importanl  step  in  advance  and 
dvantage  in  high-volt- 
•  ork. 
The  total  weight  of  this  transformer  is  50 
oil.     The  height  from  rail  to 
bushing  is  24   ft.  and  the  diameter  is 

111'.,  ft. 


Kis  7.  The  8,333-kv-a.,  220,000-volt  Trans- 
formers for  the  Southern  California  Edison 
Company  are  Being  Built  in  Accordance 
with  the  Same  General  Winding  Construc- 
tion as  Used  in  This  10,000-kv-a.,  120,000- 
volt  Transformer. 


Fig.  8.  Oil-filled  Bushing  Rated 
at  250.000  Volts  Maximum 
and  Standardized  for  Inter- 
changeable Use  on  Trans- 
formers, Oil  Circuit  Break- 
ers, and  Lightning  Arresters 


Fig.  9.  External  View  of  One  of  the  Four 
8,333-kv-a..  220,000-volt  Transformers  Be- 
ing Built  for  the  Southern  California  Edi- 
son Company.  The  oil  conservator  tank 
and  the  new  standardized  250.000-volt 
bushing  are  shown 


dry.     It  avoids  explosions  due  to  a  possible 

mixture  of  air  and  gas  formed   from  hot  or 

decomposed   oil.      It    protects   the   oil    from 

"sludging,"  which  occurs  to  some  extent  in 

all  transformers  ■  e  air  and  is  easily 

rated  to  the  danger  point  during  emer- 

■  s  the  transformer 

insulations  to  a  remarl  i.  as  shown 

by   actual    time   tests   at   various   operating 

While  final  conclusions  can- 

e  drawn  at  present,  owing  to  the  pro- 

ed  nature  of  such  investigation,  it  can  be 


A  current  transformer  is  mounted  on  the 
ci  ver  and  connected  into  the  neutral  circuit 
before  the  ground  is  made  on  the  tank.  The 
current  transformers  of  three  units  (one  three- 
phase  bank )  have  their  secondaries  connected 
in  parallel  so  that  any  unbalanced  current 
(ground  current)  can  be  read. 

It  is  an  interesting  fact  that  the  manufac- 
turer had  actually  designed  this  220-kv. 
transformer  long  before  any  definite  plans 
had  been  made  by  power  interests  for  opera- 
tion at  this  voltage. 
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Economic  Aspect  of  Railway  Electrification 

By  A.  H.  Armstrong 
Chairman  Electrification  Committee,  General  Electric  Company 

The  constantly  increasing  demands  which  have  been  placed  upon  our  national  transportation  system 
have  revealed  the  facts  that  the  limit  of  steam  railroad  practice  is  about  reached  and  that  an  extensive 
changeover  to  electric  operation  appears  to  be  the  logical  solution.  The  various  economic  phases  of  the 
situation,  the  short-haul  and  long-haul  passenger  and  freight  service  and  fuel  consumption,  are  discussed  in 
the  following  article  which  was  read  by  the  author  as  a  paper  at  a  meeting  of  the  Electrical  Section  of  the 
Franklin  Institute,  at  Philadelphia,  February  24,  1921. — Editor. 


An  industry  valued  at  some  nineteen  billions 
of  dollars  cannot  be  ruthlessly  tampered  with 
and  escape  serious  economic  disturbance, 
especially  when  it  is  closely  interwoven  with 
our  national  prosperity.  The  story  of  our 
railway  development  is  part  of  the  written 
history  of  the  country.  It  is,  therefore,  a 
matter  of  grave  national  concern  properly  to 
diagnose  the  true  nature  of  the  ailment  affect- 
ing our  transportation  system  and  to  prescribe 
the  treatment  of  greatest  promise  for  its 
future  recovery. 

Necessity    for    Revising   Present    Methods   of   Rail- 
roading 

To  the  great  main  lines  binding  East  and 
West,  North  and  South,  have  been  added 
branches  reaching  into  new  country  and 
bringing  more  products  to  swell  the  ever- 
growing traffic  of  the  parent  stem  or  main 
line.  Engines  of  greater  power  have  tried  to 
cope  with  the  demands  of  an  increasing  traffic 
and  have  been  assisted  by  such  improvements 
as  heavier  rails,  automatic  air  brakes,  grade 
revisions,  block  signals,  and  better  terminal 
facilities.  Finally,  however,  when  congestion 
on  some  main  lines  became  too  great  with  steam 
engine  operation,  it  was  necessary  to  add  a 
second  or  even  a  third  or  fourth  pair  of  rails. 

The  limitations  of  the  steam  engine  are  not 
so  keenly  felt  upon  branch  or  feeder  lines  with 
the  infrequent  small  tonnage  trains  incident 
to  this  service.  The  congestion  on  main  lines 
has  in  many  cases  however  become  most 
acute,  and  it  is  under  such  conditions  that  the 
steam  engine  plainly  imposes  its  limitations 
upon  the  physical  and  economic  showing  of  a 
railway  property.  Appreciating  the  need  of 
building  new  lines  into  new  country  to  some 
limited  extent,  the  big  problem  before  us  is 
greatly  to  improve  the  railway  machine  we 
have  already  created.  We  want  cheaper  and 
quicker  transportation  over  existing  tracks, 
more  reliable  service,  less  congestion  at 
terminals,  and  proper  provision  for  the  future 
growth  of  traffic  that  in  the  past  has  doubled 
every  twelve  years.  This  is  a  large  order  to 
place    upon    steam    engine    operation,    now 


constituting  the  foundation  upon  which  our 
present  railway  system  rests  and  which  many 
think  is  one  of  the  fundamental  causes  of  its 
economic  collapse. 

We  have  practically  built  up  our  national 
life  around  the  possibilities  and  limitations  of 
the  steam  engine,  taking  advantage  of  such 
improvements  from  time  to  time  as  the  advance 
in  its  development  permitted.  But  at  all 
times  the  steam  engine  has  been  the  determin- 
ing factor  in  establishing  the  entire  railway 
development  and  has  fixed  present  standards 
of  train  loads,  speeds,  delays,  division  points, 
labor  conditions,  wages,  even  location  of  road, 
and  the  multitude  of  factors  entering  into  the 
vast  railway  problem.  And  this  big  machine 
has  arrived  at  the  point  where  it  costs  so  much 
to  keep  it  running  that  even  greatly  increased 
rates  will  not  pay  the  bill  and  leave  enough 
over  to  pay  a  fair  return  upon  the  capital 
invested.  In  this  respect,  a  fair  return  is 
placed  by  our  government  at  the  modest 
figure  of  six  per  cent  of  present  valuation. 

If  we  are  to  continue  to  exchange  our 
eastern  manufactured  goods  for  western  raw 
products,  the  carrying  charges  over  the 
intervening  one  to  three  thousand  miles  must 
be  kept  at  a  minimum.  In  no  country  in  the 
world  does  one  man's  labor  produce  so  much, 
and  specialized  communities  cannot  continue 
to  exist  as  such  without  the  cheapest  kind  of 
transportation  to  facilitate  the  movement  of 
surplus  products  from  one  end  of  the  country 
to  the  other.  The  answer  to  the  present 
sleeping  sickness  attacking  the  prosperity  of 
both  railways  and  industries  cannot  be  found 
in  the  merry  race  of  higher  transportation  rates 
climbing  after  increasing  labor  and  fuel  costs. 

We  are  facing  the  facts  of  an  eight-hour 
basic  working  day  with  time-and-one-half  for 
overtime,  greatly  increased  wages,  fuel  prices 
at  levels  never  before  reached,  and  main- 
tenance costs  that  are  practically  prohibitive. 
We  are  told  that  vast  sums  of  money  must  be 
expended  on  construction  and  new  equipment 
to  make  good  the  deficiencies  of  the  war 
period  and  provide  for  future  growth  in 
traffic.     But  no  assurance  is  offered  that  such 
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iccount   will 
rates,  better 
mic  return  upon  a 
in  value  to  our  i 
it.     In  fact,  it  is  apparently 
make    such    fundamental 
m  and  economics 
t>  i  accomplish  th< 
tits  simply  by  investing  still  greatei 
old  steam  engine  facilitie 
in  the  opinion  of  many,  failed 
.'  needs  ol 
Such  minor  improvements  in  steam  engine 
as  arc  already  available  or  in  view  do 
i  e    of    any    real    relief    from 
crating    conditions.      The    steam 
engine  seems  destined  to  spend  the  greater 
edto    be  o  »al  bunker,  water 
tank,  round  house,  ash  pit,  and  repair  shop 
with  too  little  time  left  for  the  actual  haul..   < 

rains.      It    is    wasteful    in    man-pi 
especially  on  heavy  grade  divisions,  and  in 
igh  wages  and  short  working 
hours  with  severe  penalty  for  delays  leading 
ertime,  this  low  efficiency  in  utilizing 
engine  and  train  crews  is  fatal  to  economic 
success.    It  is  a  notorious  waster  of  fuel,  burn- 
ing a  quarter  of  all  the  coal  mined  and  finally 
•  t   of  upkeep  and  depreciation  are  so 
high  as  to  constitute  a  most  serious  percentage 
of  the  total  operating  expense. 

Perhaps  this  may  seem  a  rather  sweeping 
criticism  of  the  steam  engine.  On  the  con- 
trary, such  facts  are  well  known  but  perhaps 
no1  fully  appreciated  unless  compared  with 
^■rating  records  of  other  types  of  motive 
power.  The  steam  engine  has  held  supreme 
in  the  railway  field  for  so  many  generations 
that  to  some  it  seems  heresy  to  question  its 
exclusive  right  to  dominate  it  for  all  time. 

Motor  Truck  Competition  for  Short-haul  Freight 

During  the  past  twenty  years  serious  com- 
petition has  entered  the  field  of  steam  railway 
transportation.  Electric  railways  have  taken 
lie  short-haul  passenger  traffic  and  in 
addition  have  created  travel  that  never  was 
enjoyed  by  steam  roads.  The  gasolene  motor 
truck  has  captured  a  great  part  of  the  short- 
haul  express  movement  at  the  expense  of 
both  the  steam  and  electric  railways.  To  be 
sure,  this  motor  truck  traffic  is  partly  a  left- 
over from  war  conditions  which  demanded 
quick  deliveries,  regardless  of  cost,  while  it 
has  thus  far  borne  no  reasonable  portion  of 
public  road  upkeep.  Nevertheless,  railways 
must  reckon  with  short-haul  motor  truck 
competition  in  the  future  to  an  extent  not  as 
yet  clearly  defined. 


The  driver  of  any  "flivver"  will  declare  that 
odges  more  tonnage  carried  on  motor 
trucks  over  main  public  roads  than  is  in 
railways  they  parallel.  When 
comparatively  small  trucks  bumping  over 
■  highways,  not  too  well  maintained  at 
the  taxpayers'  expense,  can  successfully  com- 
vith  rail  transportation,  something  has 
ntlj  happened  during  the  pasl  few  years 
which  calls  fi  ir  a  readjustment  of  our  previous 
ideas  of  transportation.  It  takes  a  pull  of 
iximately  50  pounds  to  move  a  ton  over 
the  varying  grades  and  surfaces  of  our  high- 
ways. The  same  50  pounds  pull  will  haul 
Mi  tons  of  load  over  steel  rails.  Moreover, 
trucking  power  is  obtained  from  one  of  our 
most  expensive  fuels  and  gasolene  substitutes 
are  already  being  eagerly  sought  after  to 
supplement  a  product  that  is  fast  becoming 
inadequate  to  meet  the  growing  demands. 

The  late  J.  J.  Hill  built  up  the  Great 
X  oil  hern  property  by  an  early  recognition  of 
the  fact  that  while  receipts  are  proportional 
to  ton-miles,  operating  expenses  are  deter- 
mined by  train-miles.  While  efforts  to 
increase  train  loads  were  most  successful  in 
building  up  that  great  property,  serving  the 
needs  of  a  new  and  sparsely  settled  country, 
does  not  the  growing  competition  of  the  motor 
truck  cast  serious  doubt  upon  the  wisdom  of 
too  close  adherence  to  the  same  inflexible 
principle  when  applied  to  the  conditions 
obtaining  in  the  congested  districts  of  the 
East  ?  Admitting  the  lower  expense  of  train 
with  the  heavier  train  loading,  is  it  not 
possible  that  the  delays  inseparable  to  slow 
drag  freights  have  materially  contributed  to 
establishing  the  motor  truck  industry  that 
offers  as  its  one  chief  asset  quick  delivery? 
In  his  efforts  to  reduce  ever-increasing  operat- 
ing costs,  has  the  railway  operator  been  too 
busily  concerned  in  running  his  huge  trans- 
portation machine  to  observe  fully  the 
industrial  needs  of  the  country  and  to  appre- 
ciate the  evident  value  placed  by  the  shipper 
upon  speed  ? 

We  must  admit  that  the  American  visiting 
Europe  for  the  first  time  is  quite  likely  to 
look  upon  its  railways  as  somewhat  of  a  joke. 
The  small  cars,  light  engines  and  low-tonnage 
trains  contrast  unfavorably  with  American 
practice  as  to  size.  Afterward,  however,  the 
interesting  discovery  is  made  that  most 
excellent  service  is  given  to  a  densely  populated 
country  by  these  small  frequent  trains  and 
thai  American  methods  w-ould  possibly  not 
suit  such  conditions  at  all. 

It  is  a  wide  jump  from  the  motor  truck  on 
our  public  roads  to  European  railways,  but 
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can  we  not  learn  the  same  lesson  from  each 
— that  our  present  railways  do  not  properly 
serve  the  more  congested  districts  through 
which  they  pass  and  that  our  railway  directors 
have  themselves  to  blame  if  they  do  not 
profit  from  a  recognition  of  the  fundamental 
facts  underlying  the  growing  menace  of 
motor  truck  competition.  Quite  evidently 
our  railways  as  now  operated  do  not  provide 
the  service  our  eastern  shippers  want. 

Shall  the  short-haul  freight  traffic  be  sur- 
rendered to  the  motor  truck  as  was  the  short- 
haul  passenger  business  to  the  electric  rail- 
way, thus  leaving  our  steel  highways  free  for 
heavy  through  train  movement  only?  Can 
such  through  traffic  alone  pay  for  the  upkeep 
of  the  property?  If  not,  what  steps  can  be 
taken  to  compete  for  the  short-haul  business  ? 
These  are  most  pertinent  questions  in  view 
of  the  fact  that  many  more  millions  are  being 
spent  in  building  macadam  roads  and  motor 
trucks  than  are  apparently  available  for  rail- 
way betterment. 

Electrified  Passenger  Service  in  Congested  Districts 

Electricity  has  amply  proved  its  effective- 
ness in  the  operation  of  light  high-speed  trains 
in  congested  zones.  Steam  traditions  of  a 
busy  track  have  been  shattered  by  electric 
train  performance.  With  such  successful 
examples  before  us  as  our  elevated  roads, 
subways,  and  electrified  railway  terminals, 
there  can  be  no  dissenting  voice  raised  to 
challenge  the  statement  that  the  adoption  of 
the  electric  motor  introduces  the  means  of 
making  radical  changes  in  steam  engine  prac- 
tice in  congested  terminals.  Not  only  is  the 
electric  motor  preeminently  fitted  to  meet 
the  needs  of  short  haul,  frequent  stop  service, 
but  it  gives  opportunity  to  relocate  and 
redesign  the  whole  terminal  railway  property 
along  lines  impossible  to  the  steam  engine. 

Contrast  the  New  York  Grand  Central 
Terminal  of  today  with  that  of  1906,  before 
electricity  had  replaced  steam.  The  air  rights 
over  the  yards  have  become  most  valuable, 
huge  buildings  have  been  erected,  adjacent 
property  greatly  increased  in  value  and  in 
fact  a  new  residential,  hotel,  and  office  center 
has  been  created  in  what  may  now  be  called 
the  center  of  New  Yrork  City.  The  Pennsyl- 
vania Terminal  eliminates  the  handicap  of  the 
Hudson  River  and  the  whole  picture  is  rounded 
out  by  the  growing  subway  facilities.  In  fact . 
New  York  City  is  being  electrified  as  regards  its 
passenger  transportation  and  a  similar  trans- 
formation is  about  to  be  commenced  in  Chi- 
cago with  the  substitution  of  electricity  fed 
steam  on  the  Illinois  Central  Railroad. 


Electrified   Freight   Service   in   Congested    Districts 

But  that  is  not  all.  The  way  has  been  shown 

Ive  the  equally  vital  problem  of  handling 

freight  and  express  matter  in  city  terminals. 
The  very  nature  of  a  steam  engine  has 
banished  the  railway  terminal  to  the  out- 
skirts of  the  city  or  our  cities  have  developed 
as  far  away  as  possible  from  an  undesirable 
neighbor.  In  any  case  the  steam  terminal 
is  not  immediately  adjacent  to  the  shipper  or 
center  of  distribution,  nor  is  it  well  adapted 
to  the  expeditious  and  economic  handling  of 
freight.  Electric  terminals,  on  the  contrary, 
may  be  located  with  proper  regard  to  the 
needs  of  the  shipper,  in  the  very  center  of  our 
biggest  cities  if  necessary.  Tracks  may  enter 
terminal  warehouses  on  two,  three,  or  more 
levels  and  use  but  a  fraction  of  the  real 
estate  required  for  an  open  steam  terminal 
yard.  In  other  words,  there  are  apparently 
just  as  great  opportunities  to  effect  a  trans- 
formation in  our  freight  terminal  facilities  as 
have  already  been  partly  completed  in  passen- 
ger stations  and  approaches.  Furthermore, 
the  solution  of  the  freight  terminal  problem  will 
go  far  towards  settling  the  question  of  short- 
haul  competition  and  electricity  opens  the  way 
to  overcome  the  handicaps  of  the  steam  engine 
which  is  now  blocking  the  further  development 
of  the  transportation  machine. 

Wastefulness   and   Limitations  of  Steam   Operation 

Approximately  one  quarter  of  all  the  coal 
mined  in  the  United  States  is  consumed  by 
our  railways  and  a  great  part  of  this  fuel, 
estimated  at  possibly  one-third  of  the  total, 
is  wasted  in  so-called  standby  losses  in  the 
(ill. 000  engines  utilized  in  hauling  trains. 
The  modern  engine  is  equipped  with  all 
possible  improvements  designed  to  increase 
its  fuel  efficiency,  but  nevertheless  its  main 
purpose,  to  which  everything  else  must  be 
largely  sacrificed,  is  to  render  reasonably 
reliable  service  in  hauling  trains  under  all 
conditions  of  weight,  speed,  grade,  and  cli- 
matic changes.  The  fuel  economies  which  it 
is  possible  to  introduce  in  a  moving  structure 
cannot  compare  in  effectiveness  with  the 
developments  incorporated  in  modern  elec- 
tric power  stations.  The  restrictions  of  track- 
gauge,  wheel  base,  axle  weights,  and  running 
qualities  of  the  steam  engine  must  impair 
the  effectiveness  of  its  boiler  plant.  Further- 
more, each  steam  engine  is  a  complete  indi- 
vidual power  plant  subject  to  all  the  varia 
tions  in  load  incident  to  hauling  trains  over 
a  broken  profile  with  intermediate  and 
terminal  delays.  The  boiler  must  be  kept 
hot  at  all  times,   regardless  of  whether  the 


1111        M 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXIV,  N( 


ijj#f 


ECONOMIC  ASPECT  OF   RAILWAY    ELECTRIFICATION 


II  I 


«~f^- 


U2      Ma'  .   P.'-' I 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXIV.  No.  5 


Economy  and  Flexibility  of  Electric  Operation 
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horsc  power.     Large  power 

in  operation  at  the  rate  of   1  1,000   B.t.u.  or 

:ie  pound  of  high-grade  coal 

per  electrical  horse-power-hour  mi; 

Based  upon   the   i >crformancc  of  GO  huge 
elect!-'  ives    operating    over    nearly 

on  the  Chicago.  Milwaukee 
&   St.    Paul   Railway  and  her  facts  of 

record,  it  has  been  estimated  that  the  passen- 
ger and  revenue  freight  tonnage  of  the  United 
could  be  hauled  by  electric  locomotives 
i -third   the    coal    now   burned   under 
steam  engine   boilers.      Not    even   the   most 
ctrical    enthusiast,    advocates    the 
immediate    electrification    of   all    our    steam 
railways,    but    the   foregoing    comparison    is 
-ure  of  the  magnitude  of  the 
i  wastefulness  of  burning  fuel  and  the 
ultimate  goal  toward  which  the  electrification 
movement   is  directed.     In  this  connection. 
it  is   of   in;  note  that  railway   fuel 

carried  in  cars  and  steam  engine  tenders 
equals  approximately  20  per  cent  of  the  total 
revenue  freight  tonnage  carried  over  our  rails 
and  practically  all  of  this  non-paying  tonnage 
could  he  saved  by  electrification.  The  adop- 
i  Kit  ricity  therefore  would  immediately 
increase  the  carrying  capacity  of  our  railways 
one-fifth  by  eliminating  the  railway  coal 
carrying  business  from  the  rails. 

Progressive  Electrification  Policy  Abroad 

While   our   country    boasts   of   its   almost 
unlimited  fuel  reserves  and  is  wasteful  to  a 
e,   such    is   not   the   condition   in 
if  the  wi  irld.   England,  France,  Belgium. 
Switzerland.  Sweden,  Italy,  and  even  bank- 
rupt Austria,  all  have  entered  upon  an  imme- 
ram  having  for  its  final  obj< 


tlie  universal  electrification  of  the  Stan  and 
privately  owned  railways  in  those  countries. 

age  of  fuel  is  the  most  pressing  incentive 

and  available  water  powers  will  be  Utilized 

to  the  utmost.     A  constructive  government 

an  enormous  undertaking 

possible  and  is  in   marked   contrast   to   the 

3  that  have  brought  our  own  railways 
to  such  a  sorry  financial  plight. 

Increase  of  Railroad  Capacity  by  Electrification 
In  mam-  instances,  congestion  on  mountain 
divisions  has  reached  such  a  point  that 
additional  rails  must  be  laid  to  obtain  the 
needed  relief  with  continued  steam  operation. 
It  is  in  just  such  service  that  the  electric- 
locomotive  offers  very  great  advantages. 
Drawing  power  from  a  practically  unlimited 
source  of  supply  and  free  from  the  structural 
restrictions  of  the  steam  engine,  the  electric 
locomotive  may  be  built  to  deliver  any  trac- 
tive power  at  any  speed  required  by  the 
operating  needs  of  the  sen-ice.  Steam  engines 
are  now  in  operation  that  will  give  a  maximum 
draw-bar  pull  up  to  the  limit  of  standard 
draft  rigging,  but  the  speed  of  such  powerful 
Mallet  engines  is  so  low  as  greatly  to  restrict 
the  rapid  movement  of  freight  over  heavy 
mountain  grades.  Not  only  can  electric 
locomotives  develop  equal  pull,  but  sustain 
full  tractive  power  at  double  the  speed  pos- 
sible with  the  heaviest  steam  engine. 

Thus  while  one  St.  Paul  electric  locomotive 
hauls  a  3000-ton  train  up  a  one  per  cent  grade 
unaided  at  a  speed  of  15  miles  per  hour,  it  is 
quite  probable  that  we  may  anticipate  the 
early  demand  for  still  greater  power.  Indeed 
draft  gear  on  commodity  freight  cars  may  be 
so  improved  at  no  distant  date  as  to  permit 
hauling  a  5000-ton  train  up  a  one  per  cent 
grade.  This  would  demand  a  tractive  effort 
<  if  135,000  lb.  at  the  drivers  and  an  output  of 
the  electric  locomotive  of  5400  h.p.  at  a  speed 
of  15  miles  per  hour.  Higher  speeds  at  the 
same  tractive  effort  are  entirely  feasible;  in 
fact,  the  manufacturers  of  electric  locomotives 
would  today  contract  to  build  such  an  enor- 
mous machine  and  guarantee  its  output  with 
no  hesitancy  as  to  their  ability  to  make  good. 
Full  appreciation  of  this  fact  of  the  avail- 
ability in  one  locomotive  structure  of  power 
far  in  excess  of  anything  possible  with  the 
steam  engine,  opens  up  unlimited  opportuni- 
ties for  re-adjustment  of  present  methods  of 
operating  our  steam  roads.  In  other  words, 
instead  of  steam  engine  railroading,  as  in  the 
past,  we  are  offered  the  opportunity  to  enter 
into  an  era  of  real  unrestricted  railroading 
with  the  motive  power  lid  removed. 
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The  development  of  the  more  powerful 
electric  locomotive  is  a  determining  factor  in 
the  matter  of  grade  revision,  double  tracking 
and  mountain  division  operation.  Not  only 
does  the  operation  of  the  electric  loeomotiw 
greatly  increase  the  tonnage  carrying  capacity 
of  present  tracks  and  postpone  for  an  indefi- 
nite period  the  day  of  laying  additional  rails 
under  most  difficult  and  expensive  conditions, 
but  it  also  greatly  reduces  the  hazards  of 
heavy  grade  railroading  by  utilizing  the  so- 
called  "regenerative  braking"  feature  on 
down  grade  movement.  It  is  an  impressive 
sight  to  witness  a  3000-ton  train  being  hauled 
up  the  1.66  per  cent  grade  over  the  divide  at 
Donald  and  dropped  2000  ft.  at  Piedmont 
on  the  21  miles  of  2  per  cent  descending  grade 
of  the  Chicago,  Milwaukee  &  St.  Paul  Rail- 
way without  once  using  the  air  brakes.  The 
mechanical  power  developed  by  the  descend- 
ing train  is  "regenerated"  and  returned  as 
electricity  to  the  trolley  to  be  used  by  some 
other  train,  instead  of  being  wasted  in  the 
heating  of  brake  shoes  and  wheels  inevitable 
to  the  use  of  air  brakes.  Besides  eliminating 
much  of  the  risks  of  grade  movement,  electric 
braking  contributes  to  the  relief  of  traffic 
congestion  as  it  permits  using  higher  speeds  i  m 
the  down  grades  with  safety. 

Reliability  of  Electric  Locomotive 

One  of  the  marked  advantages  promptly 
discovered  in  the  electric  locomotive  is  its 
great  reliability  and  consequent  low  cost  of 
maintenance.  For  a  period  of  ten  years,  or 
until  the  high  cost  of  living  struck  the  electric 
locomotive  as  well,  the  120-ton  New  York 
Central  electric  locomotives  were  maintained 
for  approximately  33^  cents  per  mile  run,  a 
noteworthy  achievement  when  compared  with 
the  upkeep  of  steam  engines  of  equal  power. 
Even  during  the  year  1919  the  St.  Paul  elec- 
tric locomotives,  weighing  nearly  300  tons 
and  making  some  60,000  miles  a  year,  were 
maintained  for  approximately  15  cents  per 
mile  run,  or  less  than  one-third  the  upkeep  of 
Mallet  engines  of  equal  tractive  power. 

Summary 

And  so  this  article  could  continue  to  present 
facts  showing  the  special  fitness  of  the  electric 
motor  for  the  varied  needs  of  rail  transporta- 
tion. While  our  railways  are  used  for  the 
wholesale  movement  of  passengers  and  freight, 
they  are  nevertheless  engaged  in  the  retail 
burning  of  fuel  under  63,000  individual  boilers 
with  the  waste  inseparable  to  such  a  necessity. 
The  adoption  of  electricity  assures  such  a 
vast  fuel  saving  that  even  the  most  careful 


estimates  appear  startling  In  those  who  have 
ni  it  studied  the  facts  available. 

I  lectrification  of  mountain  divisions  has 
demonstrated  a  large  increase  in  single  track 
capacity,  estimated  by  some  to  be  at  least 
.Mi  per  cent  greater  than  possible  to  steam 
engine  operation.  In  many  instances  this 
improvement  can  be  secured  at  a  less  expendi- 
ture than  would  be  required  for  double  track- 
ing and  also  shows  a  greater  return  upon 
the  new  capital  charge  incurred. 

Cold  weather  does  not  affect  the  electric 
locomotive  at  all,  in  striking  contrast  to  the 
frozen  steam  engines  of  the  winter  1917-18, 
while  its  greater  safety  and  reliability  on 
grades  are  matters  of  record. 

Electrified  terminals  and  approaches  to 
large  cities  should  revolutionize  present  steam 
engine  practice,  and  not  only  effect  economics 
in  operation  but  greatly  stimulate  traffic  by 
introducing  radical  improvements  in  facil- 
ities. In  other  words,  terminal  electrification 
offers  attractive  opportunities  to  both  the 
holder  of  railway  securities  and  the  shipper. 

With  no  immediate  prospect  in  sight  of  any 
material  reduction  in  the  price  of  labor,  its 
output  must  be  increased,  and  electric  opera- 
tion has  demonstrated  its  effectiveness  in  this 
direction  both  on  the  road  and  in  the  shop, 
together  with  complete  elimination  of  coal 
and  water  facilities,  ash  pits,  turntables, 
round  houses,  etc.  In  addition,  locomotive 
division  points  may  be  indefinitely  extended 
and  already  runs  for  440  miles  are  being  made 
with  a  single  electric  locomotive. 

All  these  improvements  in  the  electrified 
railway  property  will  cost  large  stuns  of  money. 
In  some  items  of  operating  expense,  such  as 
fuel,  crews,  and  maintenance,  direct  savings 
are  effected  of  such  magnitude  as  to  show  a 
reasonable  return  upon  new  capital  charges 
incurred  in  electrification.  The  argument 
for  electrification,  however,  is  built  upon  a 
broader  foundation  than  a  direct  return  upon 
the  investment  involved.  In  fact,  it  has  to  do 
with  the  vital  question  of  the  future  growth 
of  our  transportation  system  and  its  effect 
upon  our  national  prosperity. 

We  have  come  to  a  period  in  our  railway 
development  where  many  regard  the  steam 
engine  as  inherently  responsible  for  much 
of  the  physical  and  economic  troubles  now 
most  painfully  apparent.  If  we  may  cor- 
rectly interpret  the  needs  of  our  railways,  they 
require  a  major  operation  rather  than  the 
application  of  a  bit  of  plaster.  The  steam 
engine  may  well  retire  with  full  honors  from 
a  field  which  has  outgrown  it  and  give  way  to 
its  younger  rival.    Youth  must  be  served. 
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Keeping  Steam  Turbine  Lubricating  Oil  in 
Good  Condition 

By  Chari  [LEY 

M mi  \ i    Direi  inn.  The  Richardson-Phenix  Company 

ontended  will 
i    high  owing  to  higl 

he  steam  tur- 
d   teriorate  with  continuous  use  without 
ring  should  be  exj  proper  atten- 

■  onomical  and  satisfactory  method  of 
ing  will  depend  upon  service  requirements.  The  various  processes  employed,  includ- 
tinuous  filtration,  at  is  by-pass,  are  described,  and  inconclusion  a 

tent  oil  filtra  I  Editor. 

The  journal  speed  in  the  bearings  of  a  steam  has  been  broken,  due  to  an  interruption  in  the 

oil  supply,  the-  damage  has  always  been  very 
.  resulting  not  only  in  burned  out  bear- 
ing shells  but  also  in 

blading  and  spindle,  due  to  the  unbalancing 

on    the    spindle  vibration 

which  is  set  up  by  the  friction  in  the  bearings. 

The  Trend  in  Turbine  Practice 

The  trend  in  turbine  design  and  operating 
practice  imposes  increasingly  severe  condi- 
tions upon  the  lubricant.  The  tendenci 
toward  higher  steam  pressures  and  higher 
superheat,  giving  greater  temperatures  of  the 
bearings  adjacent  to  the  high-pressure  end  of 
the  unit.  Bearing  pressures  are  likely  to  go 
up,  not  down.  Modern  power  plant  eco- 
nomics demand  that  turbines  be  run  for  long, 
continuous  periods  at  or  near  their  most 
economical  load.     The  number  of  very  large 


turbine  is  higher  than  in  any  other  type  of 
prime  mover,  and  although  the  bearing  pres- 
sures per  square  inch  are  relatively  low, 
nevertheless  the  high  rubbing  speed  is  accom- 
panied by  high  temperature  conducted  t< 
hearings  from  the  steam  end.  Consequently 
oil  in  these  bearings  mn 

nsure  this,  all  modern  steam 
turbines  are  equipped  with  a  self-contained 
oil  circulating  system.  This  system  provides 
e  lubrication  for  all  of  the 
main  bearings  and  thrust  bearings,  but  it 
also  serves  to  carry  off  the  heat  generated  in 
the  bearings,  and  in  some  makes  of  turbines 
with  oil  relay  governors,  oil  under  pressure  is 
supplied  by  the  circulating  system  for  regulat- 
ing the  speed  of  the  turbine.  In  cases  where 
i  film  in  the  bearings  of  a  steam  turbine 
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turbines  increases  owing  to  the  lowering  of 
water  rate  by  size  alone  up  to  certain  limits, 
thus  the  investment  in  and  earning  power  of 
such  machines  must  be  carefully  and  ade- 
quately  insured  against  shutdowns  and  dam- 
age  This  particularly  applies  to  lubrication, 
which  is  one  of  the  most  vulnerable  features 
..I  operation.  There  must  be  continuously 
maintained  the  widest  possible  margin  of 
safety  with  the  oil. 

In  view  of  the  foregoing,  the  makers  of 
steam  turbine  lubricating  oil  have  concen- 
trated  their  efforts  upon  making  an  oil  highly 
suited  to  these  special  needs.  Therefore,  the 
problem  of  continuously  maintaining  the 
lubricating  oil  in  first  class  condition  is 
limited  principally  to  keeping  the  oil  clean 
and  dissipating  the  heat  which  it  absorbs. 

In  the  early  days  of  the  steam  turbine, 
almost  unsurmountable  difficulties  were  ex- 
perienced with  lubrication — largely  due  to  the 
kind  of  oil  then  used  which  was  not  suitable 
for  this  severe  service. 

For  the  improvement  in  lubrication  which 
has  been  made,  great  credit  is  due  to  the  lead- 
ing manufacturers  of  steam  turbines  and  the 
manufacturers  of  high  grade  lubricating  oils. 

Turbine  Oil  Circulating  Systems 

Today  the  larger  sizes  of  steam  turbines  are 
equipped  by  the  manufacturer  with  an  effec- 
tive circulating  oiling  system  which  can  be 
relied  upon  to  supply  an  adequate  amount  of 
oil  to  each  bearing. 

Fig.  1  is  a  diagram  of  this  form  of  oil  cir- 
culating system.  The  oil  is  supplied  under 
pressure  at  the  middle  of  each  bearing  and 
flows  out  at  the  ends.  It  returns  by  gravity 
to  the  oil  reservoir  located  in  the  base  of  the 
unit.  A  rotary  pump  usually  driven  from  the 
main  spindle  of  the  turbine,  but  sometimes 
from  an  extension  of  the  governor  shaft  (in  the 
General  Electric  steam  turbine  there  arc  t  w<  i 
spiral  gear  oil  pumps),  takes  the  oil  from  the 
reservoir  and  forces  it  through  the  oil  cooler  and 
thence  to  the  piping  leading  to  the  bearings. 

In  the  case  where  the  oil  is  used  in  the  oil 
relay  system  for  governing  the  turbine,  that 
for  lubrication  is  reduced  in  pressure  by  a 
reducing  valve  and  delivered  through  suitable- 
piping  and  sight  feed  oilers  to  the  bearings 
A  relief  valve  is  also  provided  on  the  discharge 
side  of  the  pump  to  by-pass  any  excess  oil  back 
to  the  reservoir. 

The  bearings  lubricated  by  the  circulating 
system  on  a  horizontal  steam  turbine  are  as 
follows:  Four  main  bearings,  one  on  either 
side  of  the  generator  and  one  on  either  side 
of  the  turbine — and  a  thrust  bearing. 


-Ml  turbines  are  equipped  with  an  auxiliary 
or  standby  nil  pump  for  the  oil  circulating  sys- 
tem, which  may  be  used  when  starting  and 
stopping  the  turbine,  or  in  case  of  emergency, 
should  the  main  pump  for  any  reason  fail  to 
deliver  oil  at  the  required  pressure  and  volume. 
In  some  cases  a  duplex  steam  pump  is  used 
and  on  General  Electric  turbines  a  turbine 
driven  pump  is  furnished. 

A  pump  governor  (or  regulating  valve)  is 
placed  in  the  steam  feed  pipe  leading  to  the 
auxiliary  pump.  The  valve  of  the  governor  is 
actuated  by  the  oil  pressure  in  a  small  pipe  con- 
necting the  governor  to  the  high  pressure  pipe 
of  the  oiling  system,  and  automatically  feeds 
steam  to,  and  actuates,  the  auxiliary  turbine  oil 
pump,  in  case  the  oil  pressure  drops  below  the 
pressure  for  which  the  regulating  valve  is  set. 

Steam  turbines  operate  at  high  speed,  as 
many  of  the  advantages  are  secured  from 
this  feature.  Therefore,  great  care  has  been 
exercised  in  the  design  of  the  bearings.  Es- 
pecial attention  must  be  given  to  the  selection 
and  care  of  the  lubricating  oil.  Properly 
lubricated  a  high  speed  bearing  will  not  cause 
any  more  trouble  than  a  low  speed  bearing. 
The  oil  pressures  vary  from  2  lbs.  to  15  lbs.  per 
square  inch  for  the  bearings,  depending  upon 
the  make  and  type  of  the  turbine.  The  tem- 
perature of  the  oil  in  the  bearings  sometimes 
reaches  180  deg.  F. — the  normal  operating 
temperature  being  about  130  deg.  F.  The  oil 
should  be  a  pure  petroleum  product  properly 
refined  and  should  be  made  without  the 
admixture  of  any  compound  not  derived  from 
crude  petroleum.  The  flash  point  in  an  open 
cup  tester  should  not  be  below  315  deg.  to 
335  deg.  F.  and  the  viscosity  at  100  deg.  F. 
should  range  from  150  to  310  seconds  Saybolt 
viscosimeter,  depending  on  whether  an  extra 
light,  light  or  medium  oil  is  used. 

High  Factor  of  Safety  with  Clean  Turbine  Oil 

Most  engineers  in  charge  of  turbine  plants 
are  careful  to  select  the  best  turbine  lubricat- 
ing oil,  but  unless  this  oil  is  kept  in  good  con- 
dition its  lubricating  value  soon  drops  below 
that  of  a  low  grade  oil.  It  is  therefore  obvious 
that  it  is  best  to  purchase  the  highest  grade  of 
steam  turbine  oil  and  also  to  provide  means 
to  keep  it  in  first  class  condition  continuously. 

Of  course,  one  may  point  to  turbines  long 
installed  in  which  the  oil,  occasionally  sweet- 
ened and  renewed  periodically,  is  apparently 
in  good  condition  and  the  margin  of  safety 
with  it  seemingly  wide.  But  just  so  one  may 
refer  to  reciprocating  engines  which  a  few 
years  ago  were  operated  without  oiling  and 
filtering  systems  whereas  now  practically  all 
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Fig.  2.      Chart  Showing  Step  by  Step  the  Various  Agents 

Constantly  at  Work  Which  Destroy  the  Lubricating 

Value  of  Oil,  the  Troubles  Resulting,  and 

How  They  Can  be  Prevented 

system    of   treatment  which   dilutes 

instead  of  continuously  keeping  the  oil  free 

impurities,   long   runs  without  trouble 

may  be  tin.1  engineer's  good  fortune;  but  he 

o  such  insurance  againsl  the  day  of  sud- 

den  unexpected  trouble  as  he  has  when  puri- 

i  mtinuous. 

ered  in  an  oil  circulat- 

stem  are  shown  graphically  in  the  charl . 

the  lubrication  of  the 

turbine  is  started  with  a  high  grade  oil  o 

above  specifications,  we  will  analyze  point  by 

A  trouble. 

use  a 

breakdown  of  the  oil  is  tin-  rapid  circulation. 

varies  from  7  to  -Hi  times  per  hour  in 

kes  of  turbines.     This 


rapid    circulation   does   not    give    the   oil   an 

mit]    i"   precipitate  any  moisture  or 

picked  up  in  iis  circulation  nor 

lie  elimination  of  air  which 

may  have  found  its  way  into  the  oil. 

In  a  closed  continuous  circulating  system 
it  is  impossible  to  know  from  the  outside  the 
exact  condition  of  thi  oil  and  v.  he1  her  moisture 
nr  impurities  arc  present.     Even  if  samp' 

taken    from   the   system   at  frequent 
intervals  and  analyzed,  the  result  would  show 
only  an  approximation  of  the  average  i 
if  all  of  the  oil. 

Formation  of  Emulsion  and  Sludge 

Moisture  finds  its  way  into  the  oil  in  a 
number  of  ways  in  spite  of  the  precau- 
tion taken  by  manufacturers  in  the 
ruction  of  packing  glands.  These 
glands  are  sometimes  fitted  with  carbon 
]  lacking  rings  held  against  the  shaft  by 
springs,  labyrinth  packing  or  water  seals, 
or  water  throwers  introduced  bi 
packing  glands.  Some  moisture  also 
into  the  oiling  system  when  the 
turbine  is  at  rest,  due  to  condensation  of 
moisture  in  the  air  when  it  comes  in  contact 
with  the  cool  metal  surfaces  of  the  turbine 
and  oiling  system.  Another  way  in  which 
water  may  get  into  the  system  is  through 
small  leaks  in  the  oil  cooler. 

In  turbines  where  the  bearing  shells  are 
made  hollow  and  cooled  by  circulating  watei . 
if  there  is  any  leakage  in  these  shells  water 
may  also  enter  the  oiling  system  in  this  man- 
ner. The  combination  of  water,  air,  heat  and 
the  rapid  circulation  of  the  oil  causes  it  to 
oxidize  and  readily  form  an  emulsion,  in 
which  a  brownish  or  light  chocolate  colored 
sediment  is  produced,  most  of  which  remains 
in  suspension  in  the  circulating  system  if  not 
continuously  removed.  It  is  important  that 
not  too  heavy  an  oil  be  used  so  that  no  heat 
is  generated  due  to  the  internal  friction  of  the 
oil  itself  (fluid  friction),  because  this  will  not 
only  cause  oil  trouble,  but  also  a  loss  in  power. 
An  emulsion  is  a  mixture  of  liquids,  insolu- 
ble in  one  another  where  one  is  suspended  in 
the  other  in  the  form  of  minute  globules,  or 
it  is  a  mixture  in  which  air  or  solid  particles 
are  suspended  in  a  liquid.  In  a  system  in 
which  the  oil  is  rapidly  circulated  an  emulsion 
ily  formed  because  of  the  mixture  with 
either  air  or  moisture,  which  reduces  the  lubri- 
cating properties  of  the  oil,  resulting  in  poor 
lubrication  and  the  accompanying  rise  in 
tig  temperatures.  If  water  and  air  are 
continuously  removed  and  do  not  accumulate 
an  emulsion  cannot  form. 
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One  of  the  most  common  causes  of  trouble 
in  lubricating  a  steam  turbine  is  due  to  emul- 
sification  of  the  oil,  particularly  if  other  im- 
purities such. as  solids,  that  is,  grit  and  dirt 
are  present.  This  emulsifieation  takes  up 
dirt,  particles  of  metal,  and  other  foreign 
substances  and  holds  them  in  suspen- 
sion so  that  they  cannot  readily  pre- 
cipitate. 

Emulsion  increases  at  an  accelerat- 
ing rate  once  a  small  amount  has  ac- 
cumulated and  finally  becomes  so  thick 
that  a  sludge  or  muck  will  settle  out 
and  deposit  on  the  cooling  coils,  in  the 
oil  passages  and  cause  a  dangerous  rise 
in  temperature  of  the  entire  body  of 
oil  in  the  system. 


The  manufacturers  of  steam  turbine  nils 
have  carefully  studied  the  requirements  of 
the  service  and  have  consistently  followed 
the  subject  through  their  technical  depart- 
ments, obtaining  data  in  the  field  as  to  the 
results  of  the  service  which  their  oils  gave 


Acidity 

It  is  known  that  the  first  step  in  the 
deterioration  of  steam  turbine  oil  is  the 
formation  of  organic  acids  caused  by 
oxidation  of  the  unsaturated  com- 
pounds containing  sulphur,  nitrogen 
and  oxygen.  This  oxidation  is  greatly 
assisted  by  the  presence  of  small  parti- 
cles of  oxidized  metals,  dirt  or  dust; 
apparently  they  act  as  catalytic  agents,  Fig 

absorbing  oxygen  and  feeding  it  to  the 
oil.    The  organic  acids  being  subjected 
to  heat  and  pressure  are  polymerized  into  both 
soluble  and  insoluble  matter. 

Furthermore  during  the  treatment  of  the 
oil  with  sulphuric  acid  in  refining  the  so-called 
sulphonic  acids  are  formed  and  unless  these 
are  entirely  removed  in  the  subsequent  refin- 
ing operations  they  will  be  broken  down  by 
the  action  of  water,  one  of  the  resulting 
products  being  sulphuric  acid. 

The  presence  of  sulphonic  acids  increases 
the  rate  of  oxidation  of  the  oil  and  this  in  turn 
increases  the  tendency  to  form  emulsions 
with  water.  The  presence  of  any  catalytic 
agents  such  as  particles  of  oxidized  metals. 
dirt  or  dust,  in  addition  to  moisture,  results 
in  organic  acids  being  formed  at  a  constantly 
accelerating  rate. 

Many  turbine  operators  are  greatly  dis- 
turbed about  the  acidity  of  the  oil.  There  will 
be  no  occasion  for  this  if  the  oil  is  kept  con- 
tinuously purified  during  use.  Analyses  of 
oils  from  many  turbines  show  that  where  this 
continuous  purification  is  carried  on,  the  acid 
content  of  the  oils  after  years  of  service  is 
less  than  1  per  cent.  The  explanation  is  that 
the  acid  is  entrapped  in  impurities  in  the  oil, 
and  the  continuous  removal  of  these  keeps 
down  the  acid  content. 
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Curve  Showing  Results  Obtained  from  Var 
of  Purifying  Steam  Turbine  Oil 


Methods 


and  which  have  finally  resulted  in  there  being 
produced  the  very  best  oils  for  these  condi- 
tions. This  is  a  big  step  forward,  but  it  must 
be  supplemented  by  the  use  of  an  oil  clarify- 
ing system  to  operate  in  conjunction  with  the 
circulating  system  of  the  turbine,  so  that  the 
oil  will  be  continuously  kept  in  good  condi- 
tion. A  number  of  methods  of  maintaining 
the  quality  of  the  oil  have  been  tried  and  the 
following  shows  step  by  step  how  finally  the 
solution  of  the  problem  was  reached. 

Adding  "Make-up"  Oil  and  "Sweetening" 

To  make  up  for  the  amount  of  oil  lost  by 
evaporation  and  leakage,  or  withdrawing  from 
the  turbine  oil  reservoir  a  certain  amount  of 
oil  periodically  and  adding  enough  new  oil  to 
replace  the  amount  withdrawn  were  the  first 
steps  used  in  an  endeavor  to  keep  the  oil  in 
good  condition,  but  it  was  found  that  these 
methods  were  not  effective,  because  the  im- 
purities, emulsion,  sludge,  etc.,  were  not 
removed  but  merely  diluted. 

Referring  to  Fig.  3  which  shows  graphically 
the  results  of  various  methods  of  purifying 
turbine  oils,  Curve  "A"  indicates  the  deterio- 
ration of  the  oil  without  any  attempt  at  puri- 
fication.    Assuming  that  new  oil  has  100  per 
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.I'll  time  the  oil  is  changed     ibis  opera- 
tion being  lefl  to  the  discretion  of  the  turbine 
operator  .-mil  must  Ik-  scheduled  in  accord 
with  the  requirements  of  the  service.     Inva- 
riably there  is  kept  in  the  lubricating  system 
lor  an  excessive  length  of  time  an  oil  unl 
use,  with  considerable  risk  of  endangerin 
turbine.   Furthermore,  this  system  being 
ii  litem,  the  duties  necessary  to  its  operation 

i  In-  performed  by  the  personnel  as  effi- 
ciently as  if  they  were  assigned  to  a  group  of 

ontinuously  engaged  in  this  work, 
rial  eh  liltration  is  accomplished  in  two  ways, 
i  i      by  means  of  a  gravity  type  oil  filter  or  a 


Fig.  4.      Continuous  By-pass  Oil  Filtr 


Batch  System 

Curve  "  D"  shows  the  results  of  batch  fil- 
tration which  is  a  pronounced  improvement 
ds  "  B  "  and  "C"  as  the  entire  oil 
of  the  lubricating  system  of  the  unit  is 
drained  at  definite  intervals,  or  when,  in  the 
judgmenl  of  the  operator,  it  is  found  neces- 
sary; a  fresh  supply  of  clean  ml  is  introduced 

and    the   USi 

and  purification  process  in  which  heating  'if 
il    to   high    temperature,    precipitation, 

chemical  treatment,  etc.,  arc  necessary. 

This  system  pn  bjectii  nable 

features:     It    is  necessary  to  shut  down  the 
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centrifugal  separator,  both  types  of  whicl 
there  are  several  makes  on  the  market.  With 
either  one  of  these  methods  it  is  necessary  1 1 1 
subject  the  oil  to  violent  treatment  in  order 
to  effectively  remo\  e  the  impurities  that  have 
accumulated  over  a  long  period  of  time. 
First  the  oil  must  be  heated  to  a  high  tem- 
perature and  in  some  cases  boiled  so  as  to 
bring  about  the  greatest  difference  possible 
1 «  t  ween  the  specific  gravity  of  the  oil  and  the 
impurities  to  be  removed.  If  a  centrifugal 
separator  is  used  tankage  must  be  provided 
to  hold  the  dirty  oil  so  that  it  may  be  heated 
and  also  additional  tankage  to  hold  the  oil 
after  it  has  passed  through  the  separator. 

When  considering  the  question  of  purifying 
used  turbine  oil,  the  average  engineer  always 
has  in  mind  oil  in  its  very  worst  condition, 
that  is,  when  it  is  full  of  impurities,  badly 
emulsified  and  loaded  with  muck  or  sludge, 
and  rightly  so  because  in  the  past  it  has  been 
common  practice  to  remove  the  oil  only  when 
it  reached  this  dangerous  condition. 

By  a  simple  method  the  moisture  and  other 
impurities  which  cause  cmulsification  and 
sludge  and  deteriorate  the  lubricating  value 
of  the  oil  can  be  continuously  removed. 
Kmulsion  cannot  take  place  if  the  impurities 
which  cause  it  are  removed  as  fast  as  the\ 
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occur  and  sludge  will  only  form  as  the  emul- 
sion builds  up.  Sludge  is  the  product  of 
emulsion  in  the  form  of  a  thick  and  viscous 
coagulation  which  retains  most  of  the  impuri- 
ties which  have  come  in  contact  with  the  oil. 
If  emulsion  is  prevented  sludge  will  not  form. 

Continuous  Filtration 

In  this  system  the  oil  leaving  the  bearings 
is  tittered  before  it  is  returned  to  the  turbine 
oil  reservoir  and  is  most  positive  and  effective 
in  maintaining  the  quality  of  the  oil.  The 
objections  to  its  use,  especially  for  large  units 
which  require  a  great  volume  of  oil  are  the 
size  of  the  filtering  equipment  and  oil  pumps 
and  the  space  they  occupy  as  well  as  the  cost 
of  installation. 

Continuous  By-pass  System 

Curve  "E,"  Fig.  .'!,  shows  graphically  what 
is  accomplished  with  this  type  of  system  and 
which  makes  it  possible  to  use  the  oil  con- 
tinuously and  maintain  its  lubricating  value 
equal  to  that  of  new  oil.  Thus  oil  of  the  very 
highest  grade  and  price  can  be  used  econom- 
ically because  the  oil  in  the  system  becomes 
an  investment  rather  than  an  expense.  A 
small  amount  of  oil  must  of  course  be  added 
from  time  to  time  to  take  care  of  losses  due 
to  vaporization,  leakage,  etc.,  but  what  the 
limit  of  useful  life  of  a  turbine  oil  is  when 
purified  by  this  continuous  by-pass  system 
is  not  yet  known.  Turbines  equipped  with 
this  system  have  been  in  service  for  2^  to 
'■i  years  continuously  using  the  original  oil 
with  slight  make-up  added  and  at  the  end  of 
such  periods  there  is  no  deterioration  in 
lubricating  properties  as  is  shown  by  the 
following  analyses : 

Plant:  Eastern    Wisconsin     Electric    Co., 
Sheboygan,  Wis. 

Turbine:  0000  kw. 

This  turbine  has  been  running 
practically  continuously  24  hour 
day  service  for  2}  ■?  years. 

Lubricating  Oil:  "Superla"  (Standard  Oil 
Company). 

Lubricating  oil  purification  system:    Con- 
tinuous By-pass.    " 


Specific  Gravity,  Deg. 
Flash  Point,  Deg.  F. 
Fire  test,  Deg.  F. 
Chill  test,  Deg.  F. 
Viscosity  at  100  deg.  1 

sec.  Saybolt 
Acidity 


New  Oil 

Same  Oil 
After  21..  Years 
Continuous  Use 

27.8 
322 
390 

30 

27.6 
824 
393 

31 

Lack  of  spare  forbids  quoting  additional 
analyses,  but  the  above  is  illustrative  of  the 
results  obtained. 

Referring  to  Figs.  4  and  5,  which  show 
the  application  of  the  continuous  by-pass 
system,    the    first    impression   is   that   of    its 


Part  Sectional  View  of  Turbine  Oil  R 
Showing  How  Oil  Level  is  Maintained 


extreme  simplicity,  consisting  of  a  gravity 
oil  filter,  an  electric  or  steam  driven  oil  pump, 
a  vented  sight  overflow  fitting  and  a  small 
amount  of  pipe  and  fittings.  The  system  is 
fool  and  trouble  proof  as  stoppage  of  pump 
or  filter  or  both  simply  leaves  the  turbine  to 
operate  the  same  as  it  would  without  the 
system.  The  oil  level  "A"  in  the  turbine  oil 
reservoir  is  automatically  maintained,  as  the 
level  of  the  top  of  the  overflow  pipe  "B"  is 
permanently  set  to  correspond  to  the  desired 
level  of  oil  in  the  turbine  oil  reservoir.  The 
outflow  of  oil  to  the  filter  is  positively  con- 
trolled by  the  amount  of  oil  delivered  to  the 
turbine  oil  reservoir  from  the  filter,  the  over- 
flow fitting  being  vented  to  prevent  syphon- 
ing. 
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Fig.  6.      Sectional  View  of  Oil  Filter 

the  main  bearing.     In  the  basement  below  is 
located  the  oil  filter,   back  of  which   is  the 
1    pump   which   returns   the 
■  1  oil  to  the  turbine  oil  reservoir.    Each 
unit  in  this  plant  is  equipped  with  this  system. 
The  reason  this  system  has  proven  so  suc- 
tl    is   that    it    continuously  removes  the 
ies    which    if    allowed    to    accumulate 
would  cause  the  oil   to  emulsify  and  break 
down.     With  proper  oil  and  a  clean  circulat- 
ing system  there  is  no  deterioration  of  the  oil 
use  the  circulation  is  so  rapid  (keeping 
impurities  in  suspension)  and  purification  of 
the    whole    oil    charge   so   frequent   that    no 
sludge  or  muck  accumulates,  all  the  oil  in  the 
ii  the  filter  once  every 
hour.     Anal  he  oil  taken  from  the 

turbine  oil  reservoir  or  any  part  of  the  cir- 
culating system  shows  that  it  is  all  of 
uniform  quality  with  lubricating  value 
to  that  of  new  oil. 


continuous  purification,  the  total 
if  solid  and  liquid  impurities  distrib 
throughout  the  large  volume  of  oil  in  th< 
so  small  as  to  be  negligible. 
The  oil  contained  in  the  filter  increases  the 
amount  of  oil  in  the  system  and  this 
increased   volume   results   in    less   work   per 
of  oil  and  a  reduction  in  temperature. 
It  also  provides  an  effective  safety  device  in 
I  excessive  water  leakage  into  the  sys- 
tem   and    is    insurance    against    lubrication 
trouble  at  a  cost  which  is  insignificant  when 
i  red  with  the  cost  of  the  turbine  which 
it  proti 

fncienl    of   frid  i  i  «  aring   tem- 

ure  tests  in  comparing  new  and  fill 
oil  are  the  best  indications  of  their  relative 
values  as  a  lubricant. 

No  practical  or  commercial  method  of 
filteriti  ing  oil  will  absolutely  remove 

every  trace  of  solids  or  moisture  as  fast  as  they 
appear  (as  laboratory  tests  will  show)  but 
neither  necessary  nor  desirable,  because 
after  all  what  we  are  striving  for  is  a  practical, 
inexpensive  method  of  treating  oil  so  that  its 
initial  lubricating  value  will  remain  constant. 

Lubricating  and  filtering  systems  for  r< 
rocating  steam  engines  and  auxiliaries  are 
usually  open  systems,  where  the  losses  due 
to  splashing,  leaks  and  evaporation  are  large 
and  impurities  from  the  surrounding  air  gel 
into  the  oil.  With  steam  turbines,  the  sj 
are  closed,  and  impurities  from  the  air  can  be 
kept  down  to  an  almost  negligible  minimum. 
Because  turbine  systems  are  closed,  the  loss 
of  oil  due  to  evaporation,  leakage,  splashing. 
is  considerably  less,  although  the  oil  is 
worked  very  much  harder.  Therefore,  a  unit 
volume  of  oil  put  into  a  turbine  system  and 
continuously  purified  will  give  materially 
longer  service  than  the  same  volume  will  when 
used  on  any  other  type  of  prime  mover. 

About  400  steam  turbines  ranging  from  21 II I 
to  60,000  kw.  have  been  equipped  with  this 
em,  many  of  which  have  been  in  operation 
for  several  years,  giving  very  satisfactory 
results.  One  manufacturer  of  steam  turbines 
has  adopted  it  as  standard  equipment. 

Requirements  of  an  Efficient  Oil  Filter  for  Purify- 
ing Steam  Turbine  Oil 

It  should  operate  on  the  dry  principle,  that 
is,  the  oil  in  its  course  through  the  filter  should 
not  pass  through  water. 

Liberal   precipitation   area   is   required  so 

that  the  oil  flowing  at  a  low  velocity  will 

precipitate  entrained  water  and  the  heavier 

n  particles,  which  should  be  by-passed  to 
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the  bottom  where  they  cannot  again  enter 
the  oil. 

The  precipitation  compartment  should  have 
an  automatic  water  ejector  of  sufficient  size 
to  remove  the  water  precipitated  without 
carrying  oil  with  it. 

The  cloth  filtering  elements  should  be 
free  from  plaits  or  folds  and  preferably 
arranged  vertically  so  that  the  foreign  mat- 
ter will  continually  work  toward  the  bot- 
tom and  drop  off,  thus  automatically  tend- 
ing to  keep  the  filtering  surface  clean. 
The  hydrostatic  head  on  the  cloth  should 
be  low  so  that  suspended  solids  are  not 
pushed  through. 

A  widely  used  oil  filter  having  the  above 
requirements  is  shown  in  Fig.  6,  its  operation 
being  briefly  as  follows : 

The  process  of  purification  is  accomplished 
both  by  precipitation  and  by  filtration 
through  closely  woven  cloth.  By  the  former 
process  oil  is  brought  practically  to  rest  and 


entrained  water  and  heavy  particles  of  foreign 
matter  are  allowed  to  settle  out. 

1.  The  incoming  oil  is  heated  when  neces- 
sary to  lower  its  viscosity  and  thus  reduce  its 
ability  to  retain  water  and  solid  particles  in 
suspension. 

2.  The  oil  then  takes  a  long  path,  flowing 
at  a  low  velocity  over  shallow  trays  where 
precipitation  takes  place. 

3.  The  oil  then  flows  under  a  3-in.  hydro- 
static head  through  the  filtering  medium, 
every  square  inch  of  which  is  effective  and 
subject  to  equal  pressure. 

4.  The  oil  passes  into  the  clean  oil  com- 
partment ready  for  re-use. 

In  any  system  of  turbine  lubrication  the 
end  sought  is  not  so  much  economy  in  oil  as 
protection  of  the  investment  which  the  prime 
mover  represents,  and  this  insurance,  if  there 
is  to  be  minimum  oil  consumption,  obviously 
depends  upon  the  thoroughness  with  which 
the  filter  does  its  work. 


Fig.  7.      15,000-kw.  General  Electric  Turbine  Equipped  with  Continuous  By-pass  Filtration  Sys 
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Some  Methods   of  Obtaining  Adjustable  Speed 
with  Electrically  Driven  Rolling  Mills 

By  K.  A.  Pauly 

Power  vnd  Minim-  Engineering  Department,  General  Ele<  rRK   Company 

1  rolling  mill  the  need  in  many  cases  for  adjust- 

i 

ange,  in  whi  i    rgy  of  the  main   motor  is  returned  to  the 

made  with  the  onverter  system,  in 

the   main   mi  >rity  of   the   Scherbius  system  is 

ir    this    range   the   synchronous   converter   of    the 

Scherbius  system   permits  of  satisfactory  operation 

ronism,  and  above  synchronism.     This  range  is  not   practicable  with 

D  l  TO  R . 

Speed  Requirements  of  Rolling  Mills 

It  may  1"  rest  to  those  who  an 

familiar  with   steel   mill   rolling   practi 
review    bri(    '  important 

[erations  which  a  >f  roll- 

ing  bi  ms  of 

nbvi- 

ously  economic  c  ns  demand  that 

hall    be    rolled   at    the  maximum 

'  possible  withoul  adversely  affecting  the 

quality  of  the  product. 

The  speed  at  which  the  steel  will  enter  the 
rolls  is  affected  by  the  diameter  of  the  rolls. 
the  weight  and  cross  section  of  the  piece,  and 
the  extent  to  which  the  rolls  are  ragged.  For 
the  same  pair  of  r  nailer  the  si 

and  the  lighter  the  piece  the  higher  the  speed 
at  which  the  rolls  will  grip  it. 

:d,  the  maximum 
at  which  it  can  be  rolled  is  determined 
by  its  sectii  >n  and  by  the  draft.    It  is  essential 
with  large  ecially  for  cast    ii 

that  the  speed  be  low  to  allow  time  for  the 
steel  to  flow.    The  speed  is  also  affected  by  the 
of   mill,    the   method    of   handling   the 
and  the  weight  of  the  piece. 
In  rolling  shapes,  especially  certain  ones,  the 
amount    of  waste  is  greatly  affected  by  the 
-  ed  is  too  high  the  steel  will 
not  flow  into  the  corners  and  if  it  is  too  low- 
it  will  flow  out  betwei  rolls,  producing 
a  "fin"  which  cat  by  subse- 

Increasing   the  speed   for   smaller  sections 
not  only  increases  the  production  but  deci 
the  power  consumed  per  ton  rolled,  because 
of  the  higher  aver;  autre  maintained 

during  rolling.  Obviously  the  best  speed  is 
frequently  a  compromise  between  opposing 
factors  and  differs  with  almi  ection, 

making  it  advantageous  and  often  nee 

vide  adjustable  speed  control  for  mills 
rolling  a  variety  of  sha] 


While  the  installation  of  large  mills  limited 
in  their  production  to  a  comparatively  small 
range  of  sections  has  tended  t<>  reduce  the 
advantages  of  adjustable  speed  operation,  the 
ever  increasing  roll  speeds  have  had  exactly 
te  effect  and  we  find  a  constantly 
increasing  demand  for  equipments  capable  of 
being  operated  over  a  considerable  range  in 
Not  only  this,  but  the  speed  require- 
ments become  more  and  more  exacting  as  to 
refinement  of  control. 

Motor  Speed  Nomenclature 

The  difficulties  encountered  by  the  elec- 
trical engineer  in  obtaining  an  adjustable 
speed  motor  are  not  always  appreciated  by 
the  steam  engineer  or  operating  man  who  is 
familiar  with  the  characteristics  of  the  steam 
engine,  which  is  naturally  a  variable  speed 
machine  to  which  special  control  devices  must 
be  applied  to  give  it  constant  or  adjustable 
speed  characteristics,  while  electric  motors 
of  the  type  applicable  to  steel  mill  main  rolls 
ssentially  constant  speed  machines. 
Throughout  the  paper  the  terms  adjustable 
speed,  multi-speed  and  varying  speed  are 
used,  and  in  order  that  there  may  be  no 
misunderstanding  as  to  their  exact  meanings 
their  definitions  as  given  by  the  Standards 
Committee  of  the  A.I.E.E.  are  included 
here. 

Adjustable  speed  motors  are  those  in  which 
the  speed  can  be  varied  gradually  over  a 
considerable  range,  but  when  once  adjusted 
remains  practically  unaffected  by  the  load. 

Yarying-speed  motors  are  those  in  which 
the  speed  varies  with  the  load,  ordinarily 
decreasing  when  the  load  increases. 

Multi-speed  motors  are  those  which  can  be 
operated  at  any  one  of  several  distinct  speeds 
being  practically  independent  of  the 
bu1  which  cannot  be  operated  at  inter- 
mediate speeds. 
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ADJUSTABLE  SPEED  WITH   ELECTRICALLY   DRIVEN   ROLLING  MILLS 


Essential  Motor  Characteristics 

Just  what  are  the  essentia]  characteristics 
of  an  adjustable  speed  motor.' 

First,  it  should  embody  all  the  character- 
istics—  strength,  rigidity,  reliability,  safety, 
and  accessibility — of  the  constant-speed  in- 
duction motor  which  have  been  such  large 
factors  in  the  success  which  has  attended  the 
application  of  these  motors  to  rolling  mills. 

Second,  when  adjusted  for  any  speed 
throughout  the  range  of  control  the  speed 
should  be  only  slightly  affected  by  wide 
variations  in  load. 

Third,  it  should  be  capable  of  carrying  high 
overloads,  125  per  cent  to  150  per  cent, 
throughout  the  full  speed  range. 

Fourth,  its  efficiency  should  be  highest  over 
the  range  of  speeds  required  for  the  greater 
part  of  the  production. 

Fifth,  if  any  of  the  alternating-current 
types  is  used  its  power-factor  should  be  high. 

Sixth,  its  cost  must  not  be  excessive. 

At  the  time  when  motors  were  first  applied 
to  main  rolls,  four  methods  of  obtaining  ad- 
justable speed  control  were  available,  all  of 
which  had  been  thoroughly  tried  out  in  other 
fields,  viz. : 

Adjustable  speed  control  with  direct-cur- 
rent motor,  in  which  the  speed  of  cither  a 
shunt  or  compound  wound  machine,  taking 
power  from  a  constant  potential  source,  is 
changed  by  varying  the  strength  of  its  field. 

Adjustable  speed  operation  by  the  so-called 
Ward  Leonard  system  of  control  in  which  the 
speed  of  a  shunt  or  compound  wound  direct- 
current  motor  is  varied  by  varying  the  voltage 


•~—rrom  Power  Station 


Fig.  1.     Kraemer  System 

impressed  on  its  armature,  at  the  same  time 
maintaining  its  field  constant. 

Multi-speed  control  with  changeable  pole 
motors  in  which  induction  motors  are  used 
having  two  or  more  independent  windings 
designed  for  different  synchronous  speeds,  or 
with  a  single  winding  so  arranged  that  the 


number    of    pules    can    lie    changed    at    will 
through  switches  external  to  the  machine. 

Multi-speed  control  with  induction  motors 
operating  in  concatenation.  As  applied  to 
main  rolls,  concatenated  motors  consist  of 
two  mechanically  connected  single  speed  or 


Prom  Power  5uste/r> 


Fig.  2.     Single  Ra 


Scherbius  System 


multi-speed  induction  motors  so  connected 
electrically  that  the  mill  may  be  driven  at  the 
synchronous  speed  of  either,  or  at  a  speed 
corresponding  to  the  synchronous  speed  of  a 
motor  having  a  number  of  poles  equal  to  the 
sum  of  the  poles  of  both  machines. 

Direct-current  Motors 

From  the  standpoint  of  speed  control  alone, 
the  adjustable  speed  direct-current  motor  with 
motor  field  control  or  with  Ward  Leonard  con- 
trol  meets  steel  mill  requirements,  but  these 
motors  are  usually  expensive  and  low  in  effi- 
ciency as  they  require  a  motor-generator  or 
synchronous  converter  to  transform  the  alter- 
nating current  of  the  general  supply  system 
to  direct  current.  The  loss  in  power  due  to 
the  conversion  varies  from  10  to  20  per  cent 
depending  upon  the  size  and  type  of  converter 
and  the  nature  of  the  rolling  load  cycle. 

While  direct-current  motors  can  be  and 
have  been  so  designed  as  to  operate  entirely 
successfullv  when  driving  main  rolls,  the 
commutation  problem  is  a  difficult  one  and 
the  vibration  and  dirt  which  are  always 
present  aggravate  the  sparking  at  the  high 
overloads  and  make  it  difficult  for  the  com- 
mutator to  take  on  a  polish.  On  the  other 
hand  the  use  of  the  single  speed  induction 
motor  under  the  most  adverse  conditions  of 
load  and  dirt  has  den*  >nst  rated  its  superiority 
as  a  main  roll  drive. 
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i.mcnt  of  Satisfactory  Induction  Motor  Drive 

ural  to  find  mill  men  a 

irt  to  adapt 

charac- 

o£  sections  was 
eds,  two  or 


three   compromise  speeds  were  chosen   and 
multi-speed  motors  purchased.     But  at  best 
these  motors  arc  inflexible,  their  use  almost 
always  entails  a  sacrifice,  and  especially  with 
V  power  it  is  difficult  to  obtain  speeds 
which  are  sufficiently  near  the  desired  speeds, 
aviation  of  these  facts  led  many  of  the 
Qg  engineers,  throughout  Europe  as  well 
as  in  America,   to  devote  considerable  time 
and  expense  to  the  study  of  the  problem  of 
making  an  alternating-current  motor  which 
wmild  embody  the  mechanical  characteristics 
of   the   induction   motor,   the   speed   charac- 
teristics of  the  direct-current  adjustable  speed 
motor,  and  to  have  an  efficiency  which  would 
ach  that  of  the  multi-speed  induction 
motor.    Many  systems  were  suggested  and  a 
few  actually  found  their  way  into  steel  plants, 
although    by   far   the    greater   number   have 
!  into  history  with  only  a  patent  office 
record. 

The  Scherbius  and  Kraemer  Systems 

( If  the  systems  developed,  two  embody  to 
a  more  or  less  degree  the  desirable  charac- 
teristics of  an  adjust;  mill  motor. 
These  are  commonly  known  as  the  Kraemer 
mous  converter  system  and  the 
Scherbius  system.     In  both  of  these  systems 


the  slip  energy  of  the  induction  motor  which 
is  ordinarily  thrown  away  as  heat  in  the 
rheostat  is  returned  either  as  electrical  em 
to  the  general  power  supply  system  or  con- 
verted to  mechanical  power  through  a  motor 
mounted   on   the  same  shaft  with   the  main 


Fig.  4.      Partly    Wound   Stator    of  Scherbius    Regulating 
Machine 

induction    motor.       Diagrammatically   these 
two  systems  are  shown  in  Figs.  1  and  2. 


Fig.  5.     Completely   Wound   Rotor   of   Scherbius 
Regulating  Machine 

At  standstill  the  voltage  across  the  slip 
rings  of  an  induction  motor  is  that  correspond- 
ing to  its  ratio  as  a  static  transformer,  and  the 
frequency  is  that  of  the  system  supplying 
current  to  the  stator.  At  synchronous  speed 
the  slip  ring  voltage  and  frequency  are  zero 
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and  at  all  intermediate  speeds  they  are  pro 
1— speed 

portional  to  the  per  cent  slip,  or 


In 


speed 

the  Scherbius  system  the  counter  e.m.f.  of  the 
regulating  motor  which  is  connected  across 
the  slip  rings  of  the  roll  motor  opposes  the 
slip  ring  voltage,  and  as  the  counter  e.m.f.  of 
the  regulating  motor  is  raised  and  lowered  by 
varying  its  field  the  speed  of  the  roll  motor  is 
lowered   and   raised   correspondingly    (single 


range  equipments  assumed).  With  this 
change  in  the  speed  of  the  roll  motor,  the 
rotor  frequency  varies  also  as  stated  before. 

The  stator  of  the  regulating  motor  of  the 
regulating  set  resembles  an  induction  motor 
stator  in  appearance,  although  its  punchings 
and  windings  are  quite  different.    (See  Fig.  3.) 

The  field  windings  resemble  those  of  a 
direct-current  machine  with  distributed  wind- 
ings, having   main    and   commutating    poles 
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which  is  varied  through  the  field  of 
c.  regulating  machine  mounted  on  the 
aft,  opposes  the  slip  ring  voltage.    The 

synchronous    converter     and     direct-current 
on  the  main  roll  shaft  or  motor-gen- 
■  mble  in  appearance  and  (-(instruc- 
tion standard  units  of  these  types  as  is  shown 
id  '.  i 
While  usually  the  slip  energy  (if  the  roll 
motor  may  be  converted  either  to  mechanical 
elei    ric  energy,  one  or 
the  other  method  is  usually  preferable,  the 
l    by   the  speed   of  the 
main  motor  and  the  nature  of  the  load 
the  range  of  speed  control;  that  is.  whether 
the  h  i  lorti  nal  to  tht 

( 'onstant  IIP  1 1000)  with  motor-generator. 
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Fig.  10.     Diagrams  Indicating  Flow  of  Power 


Adjustable  Speed  Control  Syste 
rgy  returned  at  B  and  B'  =  Shaft  horse  power  X  7^- 
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(constant  torque)  or  is  constant  throughout 
the  range.  Obviously  if  the  speed  of  the 
main  roll  motor  is  low  the  cost  of  the  direct- 
connected  auxiliary  motor  may  be  so  high 
as  to  make  it  prohibitive,  while  if  the  speed 
is  high  a  considerable  gain  in  efficiency  may 
1  ie  realized  at  little  or  no  increase  in  cost.  The 
effect  of  the  nature  of  the  load  maintained 
throughout  the  speed  range  is  shown  by  the 
tables  and  the  diagrams  in  Fig.  10. 

No  attempt  is  made  in  these  diagrams  to 
show  the  electrical  circuits  other  than  those 
which  indicate  the  flow  of  power. 

In  the  preparation  of  these  tables  the  losses 
due  to  the  various  transformations  have  been 
neglected  in  the  interest  of  simplicity,  as 
they  do  not  affect  the  general  principles  which 
the  writer  is  endeavoring  to  bring  out.  Also 
in  the  interest  of  simplicity  it  is  assumed  that 
the  speed  control  is  entirely  below  synchro- 
nism, the  effect  of  double  range  control  being 
discussed  later. 

In  studying  these  tables  the  following  fun- 
damental principles  must  be  borne  in  mind. 
Neglecting  the  internal  losses,  the  power 
delivered  to  an  induction  motor  running  at 
any  speed  between  standstill  and  synchro- 
nous speed  is  partly  converted  to  mechan- 
ical energy  at  the  shaft  and  partly  transferred 
through  the  machine  as  electrical  energy  and 
appears  at  the  slip  rings.  At  standstill  the 
motor  acts  exactly  like  a  static  transformer, 
no  work  being  done  at  the  armature  shaft. 
At  speeds  up  to  synchronism  the  mechanical 


work  dune  is  proportional  to  the  speeds  and 
the  electrical  energy  transferred  through  the 
slip  rings  is  proportional  to  the  slip. 

It  will  be  seen  from  these  tables  that  the 
capacities  of  the  main  roll  motors  and  of  the 
equipments  connected  in   the  secondaries  of 


the  roll  motors,  which  are  determined  by 
the  energies  returned  at  B  and  B'  and  are 
less  when  the  slip  energies  are  converted  to 
mechanical  power  than  when  returned  to  the 
supply  systems  as  electrical  energies.  Prac- 
tical considerations  affecting  the  designs  of 
the  apparatus  are  such,  however,  as  to  reduce 
the  cost  differences  below  those  suggested  by 
the  differences  in  capacities.    Specially  is  this 


,  Showing  D-c.  Motor  Mc 


th  Induction  Mote 
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em,  all  of  which 
which 
returned  as  electrical  • 

lopmenl  of  a  com- 
1     peed  regulating 
a  wide  range  of 
lifferingin  capacities, 
ranges   instead   of   requiring   the 
j  special  auxiliary  motor  for 
nearly  even-  main  roll  motor  because  of  some 
apacity,  or  ' 
her  hand  the  Kraemer  system  has 
developed  along  the  other  line,  the  slip 
■  1  to  mechanical  power. 
The  Kraemer  system  requires  one  additional 
machine    over   the   corresponding    Schcrbius 
equipment  and  tl.  this  unit  < 

and  efficiency  are  such  as  to  make  it 
rative  to  adopt  the  drive  with  the  smaller 
number  of  parts,  and  we  find  all  but  one  of 
the  installations  of  this  system  of  the  type 
having  the  regulating  machine  mounti 
the  main  motor  shaft.  In  developing  the 
direct -current  motors  mounted  on  the  main 
roll  shafts  for  conserving  the  slip  energy, 
recourse  has  been  had  to  the  very  extensive 
development  in  direct-current  generators  for 
many  of  the  expensive  parts,  which  has 
materially  reduced  the  costs  of  the  expensive 
element  of  this  system.  Obviously  the 
capacity  of  the  regulating  equipment  in  either 
system  is  determined  by  the  amount  of  power 
transmitted  through  it,  that  is,  by  the  capac- 
ity of  the  main  roll  motor  and  its  range  of 
control.  However,  in  addition  to  this,  its 
design  is  affected  by  the  maximum  rotor 
voltage  and  frequency. 

The  tendency  of  the  synchronous  converter 
to  fall  out  of  step  at  low  frequencies  makes  the 
main  roll  motor  with  the  Kraemer  system 
unstable  when  carrying  heavy  overloads  near 
synchronism.  A  rolling  load  with  its  rapid 
fluctuations  over  wide  ranges  aggravates  this 
tendency  towards  instability.  The  addition 
of  a  flywheel,  because  it  decreases  the  rates  of 
change  in  the  roll  motor  speeds  and  frequently 
reduces  the  slip,  tends  to  stabilize  the  roll 
motors  around  synchronism.  An  example 
will  serve  to  illustrate  this.  The  curve  in  Fig. 
1  1  shows  the  effect  of  weight  of  flywheel  on  the 
time  torque  curves  of  a  1200-h.p.  motor  driv- 
ing a  mill.  This  torque  curve  is  typical  of 
many  of  those  to  which  adjustable  speed 
motors  are  subjected  and  is  less  severe  than 
one  for  a  single  stand  mill  in  which  the  load 
is  either  all  on  or  all  off.  The  full  line  curve  is 
that  for  the  motor  without  flywheel  having 
WRJ  =  901,700  lb.  ft.2.     The  dot  dash  curve 


corresponds  to  a  flywheel  effect  of  \YR-  = 
1,726,500  lb.  ft.-  and  the  dotted  curve  to  a 
flywheel  effect  of  WR2  =  4,500,000  lb.  ft.-. 
Referfii  full  line  curve,  the  slip  at 

point  A  is  [)l/2  Per  cent,  which  corresponds  to 
a  roto:  of  1.65  cycles.    The  slip  at 

point  B  is  approximately  1 1  .(>  per  cent  and  the 
ling     secondary    frequency    is    2.9 
cycles. 

A  motor  of  this  size  with  a  normal  range  of 
speed  control  will  require  about  a  300-kw., 
i  le  synchronous  converter,  which  will 
run  750  r.p.m.  at  rated  frequency.  A 
cycles  it  will  run  4!)1  j  r.p.m.  and  at  2.0 
cycles,  87  r.p.m.  or  nearly  double  its  former 
speed,  and  the  time  available  for  making  this 
change  in  speed  is  0.9  second.  Obvii 
the  change  in  speed  of  the  synchronous  con- 
verter increases  with  increasing  fluctuations 
in  load  and  will  be  a  maximum  for  a  single 
stand  mill  where  the  load  varies  from  mill 
friction  to  rolling  peaks. 

If  the  synchronous  converter  is  to  success- 
fully follow  these  rapid  changes  in  speed  as 
the  load  and  speed  of  the  main  motor  fluc- 
tuate, its  synchronizing  torque  must  be 
sufficient  to  overcome  the  inertia  of  its  arma- 
ture. This  torque  is  a  function  of  the  im- 
pedance of  the  rotor  circuit  of  the  main  motor 
including  the  armature  of  the  synchronous 
converter  and  the  line  connecting  them.  At 
the  normal  frequencies  at  which  synchronous 
converters  are  operated,  25  and  60  cycles, 
and  even  at  the  reduced  frequencies  met  with 
in  the  Kraemer  system  when  the  main  roll 
motor  is  operating  considerably  below  syn- 
chronism, the  reactance  component  of  the 
impedance  of  the  converter  circuit  pre- 
dominates and  the  synchronizing  torque, 
which  is  large,  is  very  nearly  constant  for  con- 
siderable changes  in  frequency  and  voltage. 

But  as  the  speed  of  the  main  motor 
approaches  synchronism  and  the  rotor  fre- 
quency and  voltage  are  correspondingly 
reduced  we  reach  a  point,  depending  upon  the 
constants  of  the  converter  circuit,  when  the 
resistance  becomes  an  important  factor  in 
reducing  the  synchronizing  torque  of  the 
converter,  and  as  the  main  motor  approaches 
still  further  toward  synchronism  we  reach 
a  critical  speed  beyond  which  the  synchroniz- 
ing torque  of  the  converter  is  not  sufficient 
to  drag  its  armature  in  synchronism  with  the 
fluctuations  caused  by  the  load  on  the  main 
motor;  the  converter  becomes  unstable, 
falls  out  of  step,  and  the  main  motor  goes  up 
to  synchronism.  Obviously  the  synchroniz- 
ing torque   required   to   keep   the  converter 


ADJUSTABLE  SPEED  WITH  ELECTRICALLY   DRIVEN   ROLLING  MILLS     429 


in  step,  and  therefore  the  critical  slip  of  the 
main  motor,  increases  with  the  magnitude 
and  rate  of  fluctuations  in  the  load  and  vice 
versa;  and  as  previously  stated  the  addition 
of  a  heavy  flywheel  to  the  main  motor  will 
both  reduce  the  slip  and  the  rate  of  change 
in  the  main  motor  speed,  and  there- 
fore that  of  the  controlling  converter, 
and  improve  the  stability  of  the  main 
motor  by  reducing  the  critical  slip  or 
raising  the  critical  speed. 

A  physical  conception  of  this 
phenomenon  can  be  gained  by  assum- 
ing that  the  converter  is  controlled  by 
the  main  motor  through  a  rubber  band 
and  that  as  the  main  motor  approaches 
synchronous  speed  the  strength  of  the 
rubber  band  is  decreased  according 
to  the  law  for  the  flow  of  current 
through  a   circuit    containing   react- 

/  E 

ance  and  resistance  11  = 


In  the  Scherbius  system  the  changes  in  the 
regulating  set  which  follow  changes  in  the 
main  motor  are  purely  electrical,  the  set  run- 
ning at  practically  constant  speed  independ- 
ent of  any  changes  in  the  speed  of  the  main 
motor,  and  the  main  motor  is  entirely  free 


V       VX'+R2)' 


VX*+R 
The  reactance  at  25  cycles  greatly 
overbalances  the  resistance,  and  the 
impressed  voltage  and  frequency  de- 
crease as  the  main  motor  approaches 
synchronism,  the  resistance  remaining 
constant  independent  of  any  changes 
in  the  main  motor  speeds. 

Starting  with  the  motor  adjusted  to 
run  at  minimum  speed,  and  gradually 
increasing  its  speed,  the  strength  of 
the  band  remains  practically  constant 
and  the  converter  readily  follows  the 
speed  changes  in  the  main  motor. 
As  the  speed  of  the  main  motor  ap- 
proaches synchronism  the  resistance 
becomes  an  important  factor  in  the 
denominator  and  the  rubber  band 
decreases  in  strength  rapidly  until  it 
is  no  longer  capable  of  transmitting 
sufficient  torque  to  the  converter  to 
drag  it  along  with  the  main  motor.  The  ci  in- 
verter therefore  eventually  falls  out  of  step.  If 
however  we  then  slow  down  the  rate  of  change 
in  the  main  motor  by  the  use  of  a  flywheel  the 
force  required  to  overcome  the  inertia  of  the 
converter  armature  decreases  and  the  strength 
of  the  rubber  band  may  be  decreased  still 
further  by  reducing  the  slip  of  the  main  motor 
and  yet  be  sufficiently  strong  to  drag  the  con- 
verter armature  with  it,  until  we  arrive  at  a 
point  where  the  strength  of  the  band  is  just 
sufficient  to  overcome  the  friction  of  the  con- 
verter armature.  Beyond  this  point  it  is  not 
possible  to  go  without  the  converter  falling  out 
of  step  no  matter  how  large  a  flywheel  is  used. 


-F                                ~J~                            -r- 

i 

: 

""                                                    ,—  "T                         " "                         — f  T  ~ 

-            ' "2\           4Zu  ' 

t--^       1  ;~ 

75                   +  ■-  ~"     "z       Jt7 

^tr       ~B                   V               kb 

-■     £±                   ,          -'      \ 

^    V-    ?-■     ^L                    \ 

70                                                     _._j          ^          i2_  '                                    1 

7                             -j  I'^SJ     r         -        j 

--4-/             7 

tl           , 

<j>                                        --L'        £ 

\                                              --A       Z                                         u 

^      1 7/jt  .  ._      it +^                            h 

&       i-Gl^4      -,-r          -it 

^    _y2~zV-  t-dZ-L-rnziz                       r 

VSS        llj, ,      C^.ty.X      '    .31 

r-p       SiJ_  zr    X                             t 

W.      t^-1-  v .  l                               b 

.  lS  _  ' 

-W      >■! 

..3^  : 

-    SV 

43                                 -        S-. 

A 

X 

-\'A 

~t-1" 

»5                     1         1 

0/S34-S6739/O//     .'2    .:3     >/t     ik     ,c 

Seconds 

Fig.  11.     Typical  Rolling  Mill  Load  Cycle 

from  instability  at  all  loads  up  to  its  break- 
down point  near  synchronous  speed  as  well 
as  at  all  other  speeds. 

This  system,  however,  has  its  limitations. 
As  the  frequency  and  voltage  are  increased, 
it  becomes  more  and  more  difficult  to  design 
the  commutator  motor  of  the  regulating  set 
to  cornmutate  properly  under  the  severe  roll- 
ing mill  load.  The  practical  commercial  limit 
is  reached  at  about  20  cycles,  and  as  this  is 
entirely  too  low  to  meet  the  requirements  of 
mill  motors  if  the  control  is  all  below  synchro- 
nism operating  on  60-cycle  circuits,  engineers 
devoted  their  attention  to  ways  .and  means 
of  reducing  the  frequency. 
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Fig.  12.     Double  Range  Scherbius  System 

In  addition  the  capacity  of  the  main 

i   will  be  lowered  somewhat  and  that  of 

quipment  reduced  to  approx- 

ly  half  that  required  with  single  range 

ill   efficiency  improved 
taction  in  the  losses. 
That   the  Scherbius  regulating  equipment 
:  function  equally  well  above  or  below 
synchronism  was  appreciated  from  the  begin- 
ning, but   the  problem  of  getting  the  main 
ynchronous  speed  remained 
unsolved  on  a  practical  basis  until  the  advent 
of   the   well   known   double  range   Scherbius 
system  which  has  been  so  extensively  used 
the  development  of  the  first  equipment 
early  in  1916  for  the  Bethlehem  Steel  I 
Sauci  'ii  \\'<  irks. 
At  synchronous  speed  the  rotor  current  and 
voltage  across  the  slip  rings  of  an  induction 
peed  the  roll  motor 
can  neither  carry  load  nor  provide  excitation 
for    the    regulating    set.       If.     however,     we 
provide  an  auxiliary  excitation  for  the  regulat- 
ing motor,   which   is  automatically  effective 
rid    near   synchronous   speed   and   which 
does  <  tie  pro]  ier  functioning 

-II   motor   speeds 
ism,  we  i  an  drive  the 
main  motor  up  to  synchronous  speed  where 
it  will  nchronous  motor,  and 

a    in  >nit    where  The 
ithout  the  assistance 


auxiliary  exciter,  will  control  the 
■  ii  ronism   in 
a.   This  is  accomplished  by  means  of  the 
drop  exciter  driven  from  the  main  roll 
motor      When  operatii  nchronism 

urn  of  the  regulating  set   is  reversed, 
red   !>'    ii    to  the  main 
However,  thi 

the  functioning  of  the 
tern      The  elements  ol    the  double  range 
system  are  shown  diagrammatieally  in  Fig.  1  2. 
iniiiil'i  r   of    pi iles   and    1  herefon 

synchn  m  n I  o    the  i  ihmic  drop  exciter 

are  the  same  as  for  the  main  motor,  and  as 

ip   rings  an    i  ed  to  1  he   gi 

supply  system  it  is  apparent  that  the  fre- 
of  the  current  drawn  from  the  com- 
mutator follows  exact h  the  law  governing 
the  frequency  of  the  current  from  the 
of  the  roll  motor  and  that  the  voltage  at  the 
commutator  is  approximately  constant.  At 
synchronous  speed  the  ohmic  drop  exciter 
produces  direct  current.  In  appearance  it 
resembles  the  armature  of  a  synchronous  con- 
verter, as  is  shown  by  Fig.  13. 

The  main  roll  motor  does  not  differ  from 
the  standard  induction  motor  for  this  service 
i  for  the  addition  of  the  ohmic  drop 
exciter  which,  as  previously  stated,  provides 
excitation  for  the  regulating  motor  when 
carrying  the  roll  motor  through  synchronous 
speed  i  see  Fig.   14). 

The   starting   and   regulation   of   a   motor 
equipped  with  double  range  Scherbius  control 


Fig.  13.    O.  D.    Ohmic  Dropj  Exciter 

is  very  simple.     Two  controllers  are  needed. 
one  for  starting  and  one  for  speed  control. 
Willi  the  speed  controller  set  at  the  po 
corresponding  to  synchronous  operation  for 

the  roll  motor  and  the  starting  controller  in 
the  off  position,  the  regulating  set  is  started 


ADJUSTABLE  SPEED  WITH   ELECTRICALLY   DRIVEN   ROLLING  MILLS     I'M 


through  the  induction  generator  l>y  a  com- 
pensator in  the  ordinary  way  for  induction 
motor-generators.  Then  the  main  motor  is 
started  in  the  usual  way  and  when  the  start- 
ing resistance  is  all  cut  out  the  armature  of  the 
regulating  motor  is  connected  to  the  slip  rings 
and  its  field  circuit  closed  automatically 
thmugh  an  interlock  on  the  last  contactor  of 
the  starting  control  for  the  main  roll  motor. 
The  speed  of  the  rolls  is  then  adjusted  to  any 
desired  value  by  the  regulating  controller. 

With  this  system  it  is  possible  to  meet  the 
most  exacting  rolling  speed  requirements 
without  exceeding  the  limiting  frequency  for 
the  regulating  set  and  to  carry  the  maxim um 
overloads  at  all  speeds  from  minimum  speed 
bhrougb  synchronism  to  maximum  speed.  In 
fact,  without  instruments  in  the  rotor  circuit 


system  impracticable  for  double  range  opera- 
tion. This  gap  is  obviously  much  greater 
with  25-cycle  than  60-cycle  equipment. 

In  addition  to  reduced  first  cost  and  gen- 
erally higher  efficiency  over  the  whole  ranee 
of  control,  the  double  range  Scherbius  system 
provides  a  maximum  efficiency  about  mid- 
way m  the  speed  range,  which  is  usually  the 
zone  in  which  the  greater  part  of  the  mill 
output  is  rolled.  The  system  is  also  quite 
flexible  in  this  respect,  and  the  synchronous 
speed  may  frequently  be  arranged  at  other 
points  if  production  warrants  it. 

It  is  occasionally  found  desirable  to  increase 
the  speed  of  a  mill  over  that  originally  con- 
templated, and  this  can  readily  be  done  with 
almost  no  interruption  in  production  by  sub- 
stituting a  larger  regulating  set  in  the  double 


Fig.  14.     M 


an  observer  cannot  tell  when  the  motor  passes 
the  synchronous  speed.  A  very  interesting 
experiment  which  is  frequently  tried  with 
this  equipment  to  illustrate  this  feature  is: 
With  the  motor  running  slightly  loaded  just 
above  synchronism,  to  increase  the  load  gradu- 
ally and  watch  the  rotor  frequency  approach 
zero  and  then  the  phase  rotation  of  the  rotor 
voltage  reverse  and  the  frequency  increase  as 
the  machine  passes  below  synchronism. 

With  the  Kraemer  system  the  main  motor 
may  be  forced  through  synchronism  at  com- 
paratively light  load  and  then  controlled 
above  as  it  was  below ;  but  the  gap  in  the  speed 
range  caused  by  the  instability  of  the  roll 
motor  when  loaded  near  synchronous  speed, 
both  above  and  below,  and  the  difficulty  of 
forcing   it    through    synchronism    make    this 


range  system,  while  usually  this  will  require 
a  much  more  expensive  change  in  the  main 
roll  motor  which  may  delay  the  mill  several 
weeks  for  either  the  Kraemer  system  or  the 
single  range  Scherbius  system. 

Efficiency 

It  is  difficult  to  discuss  relative  efficiencies 
of  the  different  systems  in  a  general  way 
because  of  the  effect  of  changes  in  assumption 
upon  the  characteristics  of  each  system  and 
therefore  the  values  which  follow  must  not 
be  applied  except  when  the  conditions  are 
approximately  normal.  As  a  basis  upon 
which  to  make  a  comparison  a  moderate 
speed  motor  of  approximately  1000-h.p.  ca- 
pacity and  4(1  per  cent  speed  control  has 
been  assumed.     For  such  an  equipment  the 
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Fig.   15.      Typical  Efficiency  and   Power-factor  Curves  for 

Adjustable  Speed  Induction  Motor  with  Double  Range 

Scherbius  Control 

I    if  a   synchronous  converter  is  substi- 
he  motor-generator. 
Assuming  tin-  load  conditions  to  be  those 
favorable  to  each  system,  that  is,  con- 
horse  power  for  the   Kraemer  system 
and  constant  torque  for  the  Scherbius  system, 
the  efficiencies  are  approximately  the  same 
an  equipment  of  the  capacity 
peed    range    assumed    above    will    be 
iximately  91  per  cent  at  maximum  speed 
39  at  minimum  speed.     The  Scherbius 
system   is   less  affected  by  changes  in   load 
and    its   efficiency  will   therefore 
usually  be  higher  under   normal   conditions. 
t  hat  is,  where  the  load  varies  between  constant 
horse   power  and  constant   torque   over  the 
i  I  rol . 
All  ie  systems  may  be  designed 

for  high  j  lower-factor,  the  cost  of  doing  this 
the  speed  of  the  roll 
are  driven  by  an  adjustable 
speed  direct-current  motor.but  will  increasefor 
lower  11  motor  with  either  the 

Kraemer  or  Scherbius  systems.     Fig.  15  shows 
of   typical  efficiency  and   power-factor 
curves  for  the  double  range  Scherbius  system. 
'ion  is  called  to  the  following  poii 
1st.  The  high  efficiency  half  load  to  approxi- 
mately 5(1  percent  overload  (curves  A.  B,< ' 


2nd.  The  increase  in  power-factor  when 
running  regulating  a1  all  speeds  as  com- 
pared with  the  power-factor  running 
non-regulati  ominal    full 

load  (curve  D). 

Factors  to  be  Considered  in  Making  a  Choice 

The  choice  of  the  systi  trol  to  meet 

any  specific  mill  requin  n  be  made 

after  careful    consideration   of   all   the 
conditions  affecting  the  problem. 

However,  the  more  general  conditions  hav- 

ice  arc:  Rai 

control,  frequenc;   i  circuit,  maximum 

load    at    all    speeds,    production    of    mill    at 
different   speeds,   anil   whether   the   control   is 
tiatic. 

The  double  range  Scherbius  system  can 
readily  be  designed  to  meet  all  except  the 
most  extreme  speed  ranges  for  both  25-cycle 
and  60-cycle  supply  circuits;  while  the  Krae- 
mer system  is  rather  handicapped  if  the 
supply  frequency  is  25  cycles. 

When  automatic  control  is  required  the 
direct-current  systems  with  motor-generator 
will  usually  give  better  results. 

There  are,  however,  a  number  of  important 
advantages  in  favor  of  the  double  range 
Scherbius  system  which  must  be  considered 
in  making  a  choice.    They  are: 

Generally  higher  efficiency  and  correspond- 
ingly lower  power  consumption  throughout 
the  entire  range  of  control. 

Frequently  a  considerable  part  of  the  out- 
put of  a  mill  may  be  rolled  by  the  motor 
without  the  regulating  set,  due  to  the  motor 
speed  falling  intermediate  between  the  upper 
and  lower  limits  of  the  range.  This  is  a  very 
great  advantage  over  any  single  range  system, 
since  in  event  of  the  failure  of  the  regulating 
set  the  high  speed  at  which  the  roll  motor 
with  single  range  control  runs  non-regulating 
limits  the  production  of  the  mill  to  small 
sections  while  the  regulating  equipment  is 
being  repaired. 

It  is  free  from  instability  at  any  speed  and 
will  carry  its  high  overloads  at  all  speeds 
throughout  the  range. 

Its  cost  is  usually  lower  than  that  for  the 
other  systems  when  compared  on  the  same 
basis,  i.e.,  range  of  speed  control  over  which 
the  maximum  roll  motor  loads  may  be  car- 
ried without  the  roll  motor  becoming  unstable. 

In  common  with  the  other  systems  a  large 
number  of  speed  points  may  be  provided,  the 
]  >i  >wer-factor  of  the  main  motor  may  be 
raised,  and  the  equipment  is  thoroughly 
reliable  and  readily  maintained  by  the  operat- 
ing department. 
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Export    Coal    Facilities    at    the    Curtis    Bay,    Md., 
Terminals  of  the  Baltimore  C&  Ohio  Railroad 

By  P   G.  Lang,  Jr 

Assistant  Engineer  of  Bridges,  Baltimore  lV  Ohio  R.R.  Co. 

In  the  January  issue  of  the  General  Electric  Review  there  appeared  in  the  article,  "Some  Developments 
in  the  Electrical  Industry  During  1920,"  a  brief  description  of  the  electrically  operated  coal  trimmers  installed 
at  the  coal  loading  pier  of  the  Baltimore  &  Ohio  Railroad  Company,  Curtis  Bay,  Md.  The  author  in  the 
following  article  describes  in  detail  the  facilities  for  handling  coal  at  this  point  which  during  recent  years  have 
undergone  material  and  expensive  improvements.  The  entire  work  of  developing,  detailing  and  installing 
the  machinery,  including  its  initiation  into  service,  was  performed  under  the  author's  personal  and  direct 
supervision. — Editor. 


Export  coal  at  the  Curtis  Bay  Terminals 
of  the  Baltimore  &  Ohio  Railroad  Company 
is    handled    over    a    modern    pier    carefully 
designed    for    the    purpose    and    completed 
early    in    1917.     The    coal    is    deposited    by 
two    special    car   dumpers    upon   four    main 
(50-inch   conveyor   belts   by  means    of  which 
it    is  moved   longitudinally  of   the  pier  and 
discharged     upon     four     transverse     shuttle 
belts  supported   by  movable  loading  towers,' 
whence   it    is    conveyed  within   the  holds  of 
steamers    moored    beside    the    pier. 
The  mechanism  of  the  loading  towers 
is  so  designed  as  to  permit  the  free 
movement    of    the    transverse    belts 
longitudinally,  transversely  and  verti- 
cally   with    respect    to   the    pier,   in 
order  that  the  coal  discharge  may  be 
adjusted  to  suit  the  varying  beams, 
drafts  and  hatch  arrangements  of  the 
vessels  presented  for  loading. 

This  pier,  when  completed  in  lit  17, 
represented  the  highest  contemporary 
attainment  of  science  as  applied  to  the 
bulk  transfer  problem,  and,  during  the 
first  two  years  of  its  existence  and  use, 
demonstrated  a  capacity  which  fully 
justified  the  expectations  of  those 
responsible  for  its  construction.  In 
one  instance,  there  was  in  one  hour  and 
58  minutes  transferred  over  this  pier 
and  deposited  within  the  hold  of  a 
vessel,  7222  tons  of  bituminous  coal, 
and  this  is  believed  to  be  a  rate  never 
previously  attained  in  bulk  transfer. 

Continued  experience  in  the  opera- 
tion of  the  Curtis  Bay  facilities  con- 
firmed the  feasibility  of  this  type  of 
pier  as  a  transfer  medium,  and  brought 
into  prominence  another  phase  of 
the  general  problem — that  is,  the  dis- 
tribution or  "trimming"  of  coal  after 
it  had  been  deposited  within  the  holds 
of  vessels. 

During  1917  and  1918  coal  trimming 
was  performed  at  Curtis  Bay  by  hand       Fig.  i.    conveyor  To« 


labor  and  large  numbers  of  laborers  were 
engaged  in  the  work.  Hand  trimming,  under 
the  most  favorable  conditions,  cannot  keep 
pace  with  mechanical  delivery,  and  this  fact 
was  the  cause  of  frequent  and  expensive 
delays  in  the  operation  of  the  pier,  which  was 
during  loading  periods  compelled  at  frequent 
intervals  to  suspend  its  operations  in  order 
to  afford  the  trimmers  an  opportunity  to 
distribute  the  coal  properly  within  the  cargo 
space.     These  conditions  occurred  during  the 
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war 

bor. 

al  trimming 

n  fully  studied 

mechanical 

h<     •  i  timing 

I    Mr.    H.    A     Lane,    Chief 

!    in   opera- 
r   27,    1919,   and   its   initial 
ion    of    liiiKi 
i    in  the  S.  S    I  ti  / 
practicability  of  the  machine 
how- 
-a-    strictly    experimental    and    later 
•    adjustments   and    changes 
in  the  machine.     Although  such 
id   adjustments  are  spoken   i 
"minor,"  they  were  vitally  essential  b 

-  i  mtinuous  operation   of   I  he 

nical   trimmers.     The   last ,   or  fourth, 

machine  was   placed   in   service  on  April   9, 

L920.     A  brief  description  which  applies  to 

all  four  machines  follows: 

The  trimmers  are  supported  from  the  end 
of  tli.    •  by  An 

operatoral  he  ram  in  the  conveyor 

rols  the  placing  of  the  trimmer  into 
the  bi  This  is  done  through  the 

magnetic  control  of  two  75-h.p.  motors;  one 
motor  hoists  and  lowers  the  trimmer,  the 
other   motor    raise-    and    lowers    the    boom. 


ig.  2.      Coal  Trim 

i  Bottom  of  Teles 

ope  Chute.     Collecto 

Rings  i  with  Cov 

:rRe 

noved)  Just^Abov 

the  Operator's  Cab 

This  last  motion  has  the  effect  of  moving  the 
trimmer  laterally  to  the  ship.  This  same 
operator  can  also  move  the  tower  along  the 
dock  and  this  carries  the  trimmer  longitudi- 
nally to  the  ship. 

The    operator    in    the    trimmer    (Fig.    2) 
conl  rols  the  speed  of  the  belt  conveyor  in  the 


the  Trimmer  Operating  Cab  and  Equipment 
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trimmer,  an  1  can  rotate  the  trimmer  so  as  to 
throw  coal  into  any  desired  corner  of  the 
cargo  hold.  Also  he  can  raise  and  lower  the 
end  of  the  bell  conveyor  so  as  to  control  the 
height  to  which  coal  is  thrown.  The  belt 
conveyor  is  driven  by  a  nominally  rated  50- 
h.p.,  shunt  wound,  open  type  motor  which  is 
totally  enclosed  in  a  sheet  metal  box.  The 
rotation  is  obtained  by  a  small  series  wound 
enclosed  motor  controlled  by  a  drum  control- 
ler. The  elevation  of  the  trimmer  belt  is 
controlled  by  a  third  series  wound  enclosed 
motor.  In  the  operator's  cab  all  electrical 
controllers  arc  of  the  drum  enclosed  type 
(Figs.  3  and  4)  and  the  power  can  be  taken 
off  the  trimmer  by  an  enclosed  cutout  switch. 
Power  is  furnished  by  550-volt  direct  current 


One   importanl    element   in  connection   with 

mechanical  trimming  by  this  method  is  the 
conveying  belt,  which  forms  an  essential 
part  of  the  device,  and  by  means  of  which  the 
thri  iwing  of  the  coal  is  accomplished.  Experi- 
ments have  been  conducted  to  determine 
the  variety  of  belting  most  suitable  to  this 
service,  and  these  have  not  yet  been  finally 
concluded. 

The  soundness  of  the  principles  involved 
in  tlie  design  of  the  machines  has  been  amply 
demonstrated  by  their  satisfactory  perform- 
ance under  the  severe  service  conditions 
which  they  were  forced  to  meet  at  Curtis 
Bay,  including  not  only  the  trimming  of 
coal,  which  descends  upon  the  conveyor 
belt  in  all  sizes  up  to  a  maximum  lump  of 


al  View  Showing  a  Vessel  with  Two  Mechanical  Tr 


which  comes  to  the  trimmer  from  the  main 
conveyor  tower,  first,  through  a  long  flexible 
cable  which  is  held  to  the  proper  length  by 
an  automatic  cable-reel  take-up;  second,  the 
power  passss  down  the  leg  of  the  trimmer 
chute;  third,  passes  through  enclosed  collector 
rings  (shown  open  in  Fig.  2)  to  the  main 
protective  switch  in  the  operator's  cab. 

Since  April  20,  1920,  the  service  perform- 
ance of  the  coal  trimmers  has  exceeded  ex- 
pectations, and  has  been  productive  of  vast 
economies  of  time  and  money  in  connection 
with  the  cargoing  of  vessels  at  the  Curtis 
Bay  Terminals. 

While  it  is  felt  that  a  practicable  solution 
has  been  evolved  for  the  vexatious  conditions 
which  previously  existed  at  Curtis  Bay,  the 
trimmers  are  still  a  subject  for  experiment. 


about  200  lb.  weight,  but  also  the  passage 
of  foreign  objects,  which  sometimes  find 
their  way  into  the  chute  and  make  their 
exit  over  the  trimmer  belt.  Numerous 
articles  of  this  nature,  including  fragments 
.■I  steel  ranging  in  length  to  eight  feet,  huge 
stones  weighing  500  to  600  lb.,  car  springs 
and  other  objects,  have  made  the  passage 
and  been  thrown  from  the  machine  without 
damage  to  the  trimmer. 

The  device  described  is  known  by  the 
trade  name  of  the  Lane-Galloway  Trimmer, 
and  patents  are  now  pending.  The  machine 
is  absolutely  new  and  original  in  character, 
and  represents,  so  far  as  we  have  been  able 
to  learn,  the  most  economical  and  practical 
solution  of  this  very  important  phase  of  the 
bulk  transfer  problem. 
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Is  for  the  Production  and  Measurement 
of  High  Vacua 

PART  VIII.     PHYSICAL  CHEMICAL  METHODS  ( Continued  i 

By  Sail  Dushman 

Research  Laboratory,  Gem  rai   Ei  ei  rRi<   Company 

in  purely  chemical  i 
lerately  low  pi  Tl   ■  next  installment  will  iKal  with  electrical  clean-up 

,  and    i    o  nomena  of  gas  ionization. — Editor. 

CHEMICAL  METHODS  FOR  THE  CLEAN-UP 
OF   RESIDUAL  GASES 

ntioned  in  :    ■  us  sec- 

extremely  difficult  to  draw 
1      ari  ation  between  so- 
and    purely    chemical 
di  aline  with  clean-up  proc- 
ures.    In  the  general  dis- 
cussion of  si  rienomena  it    has  been 

ar)     to    refe d  ions    which    are 

undoul  i  uch   as   definite 

Minds  arc  formed      Tims,  when  hydro- 

bi   alkali  metals,  we  have 

chi  mical  compound,  a 

ed.     On  the  other  hand,  it  is 

still  a   debatable  question   as  to  whether  a 

hydride  is  formed  in  the  reaction   between 

hydrogen  and  palladium. 

In  the  following  section  we  shall  discuss  a 
an-up   reaction  in  which  the  gas 
disappears  because  of  a  reaction  with  a  heated 
solid.     The  resulting  compounds  are  volatile 
temperature  of  the  reaction  and  con- 
dense  mi    colder   parts   of  the   system,   thus 
possible  for  the  clean-up  to  con- 
tinue  as  lone  as  residual  gas  is  present.     On 
the   other   hand,    since   the   rate   of   clean-up 
decreases    ordinarily    with    the    pressure1,    a 
point  is   readied   a1    which   the   rate   of  dis- 
)f   gas   is   equal   to   the   rate   of 
ion  from  walls  and  other  parts  of  the 
system. 


Clean-up  of  Gases  by  Calcium 

The  use  of  this  method  for  the  production 

first  proposed  by  F.  Soddy.1 

He  found  that  in  a  gas  at   reasonably  low 

pressure,  if  i  calcium  to  a  tempera- 

ture at    which   i:  i   volatilize  would 

cause  the  ]  i  decrease  rapidly  to  a 

at  which  the  gas  is  "non-conducting." 
For  heating  the  calcium,  Soddy  recommends 
nail    quartz-tube    furnace    wound 
with  platinum  wire,  or  an  inductive  method 

'  Proc.  Rov.  : 

HI17). 


of  heating  (analogous  to  thai  used  in  the  most 
of  high-frequency  fui 
ed  b}  Nor!  hrup  i  No  data  are  given  by 
"■"Id;  as  to  the  degree  of  vacuum  actually 
attained  or  to  the  rate  of  clean-up.  As  an 
indicator  of  the  degree  of  vacuum,  he  used  a 
spectrum  tube  and  describes  his  results  as 
follows  : 

"If  the  apparatus  (consisting  of  a  large 
vessel  in  which  is  contained  the  quartz-tube 
furnace),  charged  with  a  small  piece  of  cal- 
cium, and  furnished  with  a  Plticker  spectrum 
tube,  is  exhausted  by  a  Fleuss  pump  and  the 
furnace  heated,  gases  consisting  of  compounds 
drogen,  carbon,  and  oxygen  are  given 
out  by  the  calcium.  If  the  connection  with 
the  pump  is  then  shut  off  and  the  heating 
continued,  absorption  of  the  remaining  gases 
accompanied  by  volatilization  of  the  calcium 
takes  place,  and  the  vacuum  rises  almost 
instantly  to  a  point  at  which  no  discharge  can 
be  passed  through  the  spectrum  tube.  By  a 
non-conducting  vacuum  is  to  be  understood 
one  of  greater  resistance  than  an  alternative 
spark-gap  in  air  of  2  to  3  cm.  " 

Soddy  observes  that  CO,  C02,  H20,  C2N2> 
S02,  NHj,  and  oxides  of  nitrogen  are  all  readily 
cleaned  up.  In  the  case  of  hydrogen  the 
absorption  is  not  so  great.  "There  is  no 
doubt,"  Soddy  states,  "that  a  low  initial 
pressure,  not  exceeding  a  few  millimeters  of 
mercury,  is  as  essential  a  condition  in  causing 
calcium  to  combine  writh  gases  as  a  high  tem- 
perature. For  rapid  and  continuous  absorp- 
tion, volatilization  is  essential.  The  film  of 
volatilized  metal  continues,  even  in  the  cold, 
to  absorb,  although  more  slowly  than  the 
vapor  itself. " 

Argon,  helium  and  the  other  rare  gases  are, 
of  course,  not  cleaned  up  by  calcium,  so  that 
this  method  has  proved  useful  for  the  purifi- 
cation of  the  rare  gases.  Mr.  J.  H.  Clough, 
of  this  laboratory,  has  found-  that  for  this  pur- 
pose the  best  results  are  obtained  by  means 
of  a  discharge  tube-containing  a  solid  calcium 
anode    and    robust     tungsten     filamenl 
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cathode.  The  two  electrodes  are  placed  fairly 
close  to  each  other,  and  on  lighting  the  fila- 
ment it  is  possible  to  start  an  arc  in  the  rare 
gases  at  very  low  voltages.  Under  the  action 
of  the  arc,  the  calcium  at  the  anode  is  gradu- 
ally volatilized  and  the  chemically  active  gases 
are  absorbed. 

Clough  has  also  observed  that  titanium  and 
magnesium  are  very  effective  as  clean-up  met- 
als when  used  in  the  above  manner.  There 
is  some  evidence  according  to  Mr.  G.  M. 
J.  Mackay3  that  the  reaction  here  is  not 
altogether  a  straight  chemical  one.  "Appar- 
ently the  arc  activates  the  gaseous  impuri- 
ties so  that  they  combine  more  readily  with 
the  chemical  agents  (calcium,  etc.)  in  the 
bulb." 

In  order  to  obtain  some  data  on  the  prac- 
tical value  of  the  calcium  reaction  in  cleaning 
up  residual  gases,  Mr.  C.  A.  Kidner  carried 
out,  at  the  writer's  suggestion,  some  experi- 
ments with  hydrogen.  This  gas  was  chosen 
because  it  is  the  most  difficult  to  clean  up, 
and  also  because  it  is  the  most  frequent  con- 
stituent of  residual  gases  present  in  high 
vacuum  devices. 

Calcium  in  the  form  of  wire  was  laid  inside 
a  tungsten  spiral,  so  that  it  could  be  heated 
by  passing  current  through  the  latter.  By 
varying  the  filament  current,  the  rate  of 
volatilization  could  be  varied  and  the  rate  of 
clean-up  measured  under  different  conditions. 
The  pressure  was  measured  by  a  McLeod 
gauge,  and  the  volume  of  the  system  contain- 
ing hydrogen  was  2500  cm3.  In  one  experi- 
ment, the  pressure  was  decreased  from  250  to 
4  bars  (approximately)  in  almost  30  minutes. 
At  the  end  of  this  interval  the  calcium  had 
been  practically  all  volatilized  and  covered 
the  sides  of  the  bulb.  It  was  observed 
that  the  rate  of  clean-up  increases  with 
the  temperature  of  the  calcium  and  is 
apparently  proportional  to  the  pressure  of 
hydrogen. 

Similar  experiments  were  tried  with  mag- 
nesium, but  no  noticeable  clean-up  was 
observed.  Soddy  found  that  strontium  and 
barium  act  similarly  to  calcium,  but  as 
the  latter  can  now  be  obtained  commer- 
cially in  very  pure  form  it  is  much  more 
convenient  for  use.  Soddy  also  observed 
that  the  presence  of  CaH2  in  the  calcium 
makes  the  metal  much  more  difficult  to 
volatilize. 


a  Patent  Specification,  No.  1.20S.5B7  (1917). 

4  Dr.  Langmuir  has  reviewed  the  results  of  these  investiga- 
tions up  to  1915  in  a  paper  on  '  'Chemical  Reactions  at  Low  Pres- 
sures," J.  Am.  Chem.  Soc.  37,  1139  (1915);  also  see  J.  Industrial 
and  Eng.  Chem..  1.  348  (1915). 


Measurements  by  Mr.  Kidner  at  higher  pres- 
sures ( 1 0  to  1 00  bars)  showed  that  the  calcium 
deposit  on  the  glass  does  not  adsorb  either 
hydrogen  or  oxygen  to  any  marked  extent. 
Even  active  hydrogen  (formed  by  heating  a 
tungsten  filament  to  a  high  temperature  in 
the  hydrogen)  is  only  slightly  adsorbed  by 
the  cold  calcium  deposit.  On  the  other  hand, 
in  some  earlier  experiments  carried  out  by  the 
writer,  in  which  an  ionization  gauge  was  used, 
it  was  observed  that  with  a  low  initial  pres- 
sure of  hydrogen  the  calcium  deposit  does 
clean-up  the  gas  gradually.  Thus,  in  one 
case,  the  pressure  in  a  sealed  off  system  of 
about  500  cm3  capacity  decreased  from  2  to 
0.7  bars  during  the  volatilization  of  the  cal- 
cium (which  occurred  in  a  few  minutes),  and 
subsequently  the  deposit  continued  to  adsorb 
gas  until  at  the  end  of  two  hours  the  pressure 
had  decreased  to  about  0.0007  bars. 

These  observations,  along  with  Soddy 's 
results,  lead  to  the  conclusion  that,  in  order 
to  clean-up  large  amounts  of  gas  with  cal- 
cium, it  is  necessary  to  heat  the  metal  to  a 
high  enough  temperature  to  cause  fairly 
rapid  volatilization.  On  the  other  hand, 
with  calcium  volatilized  in  a  low  pressure  of 
gas  so  that  the  deposited  metal  is  presumably 
not  saturated  with  gas,  the  cold  deposit 
gradually  adsorbs  the  small  amount  of 
residual  gas  and  it  is  thus  possible  to  obtain 
a  fairly  low  pressure.  In  using  calcium  to 
clean-up  small  traces  of  residual  gas,  it  is 
naturally  advisable  to  heat  the  metal  for  a 
short  interval  of  time  while  the  system  is 
still  connected  to  the  exhaust  pump,  to  get 
rid  of  occluded  gases. 

Clean-up  of  Residual  Gases  by  Incandescent  Tung- 
sten Filaments 
In  a  series  of  investigations  on  the  reac- 
tions between  different  gases  and  heated 
tungsten  filaments.  Dr.  I.  Langmuir  observed 
that  under  certain  conditions  a  chemical 
clean-up  of  the  gas  occurs.4  The  princi- 
pal gases  studied  were  oxygen,  nitrogen, 
hydrogen,  carbon  monoxide  and  dioxide, 
chlorine,  bromine  and  iodine,  methane,  cyan- 
ogen, hydrochloric  acid,  argon,  phosphine, 
and  the  vapors  of  many  substances,  such  as 
mercury,  phosphorus  pentoxide,  sulphur, 
etc.  While  the  discussion  of  the  theoreti- 
cal aspects  of  these  investigations  must  be 
reserved  for  a  subsequent  section,  we  shall 
mention  briefly,  in  the  present  connec- 
tion, the  conditions  under  which  the  best 
clean-up  results  can  be  obtained  with  dif- 
ferent gases. 
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In  a  typical  experiment  in  which  the  volume 
tern  used  was  1075  cm3,  and  the 
initial  pressure  9.41  Wars  (7.06X10-3  mm.  of 
mercury),  a  tungsten  filament  5.4  cm.  long 
0  0394  mm.  diameter  was  heated  to  1470 
deg.  K.,  and  i1  was  observed  that  the  pressure 
decreased  to  one  per  cent  of  its  initial  value 
in  23.5  minutes.  The  initial  amount  of 
oxygen,  measured  ai  298  deg.  K.  and  ai 
pheric  pressure  was    111  cubic  mm.      I 

en  present  at  any 
instant   plotted   (on  semi-logarithmic   pi 

I  mate  against  the  time  in  minutes.  From 
the  form  of  equation  (1)  it  is  evident  that, 
for  equal  intervals  of  time,  the  pressure  must 
decrease  in  the  same  ratio,  so  that  plotted 
on  semi-logarithmic  paper  the  resulting  graph 
is  a  straight  line.  From  this  curve  and  the 
measurements  cm  the  variation  in  k  with 
temperature,  the  graphs  for  a  number  of  other 
temperatures  have  been  calculated  and  drawn 
in.  The  table  which  foil'  iws  gives  the  value  of 
the  interval  of  time  that  would  be  required  to 
reduce  the  total  quantity  of  oxygen  to  0.1 
per  cent  of  its  original  value  if  the  tungsten 
filament  d<  to  differenl 
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_  '  lean-up  of  Nitrogen  by  a  Tungsten  Fila- 
ment* 
At  pressures  below  about  100  bars,  the  rate 
of  clean-up  of  nitrogen  by  a  tungsten  fila- 
ment maintained  at  constant  temperature  is 
observed  to  be  constant  down  to  pressures  as 
low  as  about  two  or  three  bars.  It  has  been 
shown  by  Langmuir  that  the  clean-up  is  due 
to  combination  between  tungsten  atoms 

i  from  the  filament  and  nitrogen  mole- 
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cules  to  form  WN2.  Hence,  in  the  foregoing 
range  of  pressures,  the  rate  of  clean-up  is 
governed  exclusively  by  the  rate  of  evapora- 
tion of  tungsten  and  increases  with  the  latter. 
Fii,r.  67,  taken  from  Langmuir's  paper,  gives 
the  rate  of  clean-up  in  cubic  mm.  of  nitrogen 
(measured  at  298  deg.  K.  and  atmospheric 
pressure)  per  minute  per  sq.  cm.  of  tungsten 
filament,  as  a  function  of  the  temperature. 
"At  lower  pressures  the  rate  is  no  longer 
constant  because  the  nitrogen  molecules 
become  so  scarce  that  a  large  fraction  of  the 
tungsten  atoms  strike  the  bulb  without  col- 
liding with  nitrogen  molecules."  However, 
on  cooling  the  bulb  containing  the  filament 
in  liquid,  air,  the  tungsten  atoms  are  found  to 
combine  with  the  nitrogen  molecules  adsorl  led 
on  the  glass,  and  the  rate  of  clean-up  is 
materially  increased.  As  will  be  described 
more  fully  below,  this  observation  has  been 
applied  by  Langmuir  in  obtaining  extremely 
high  vacua. 

(3)  '  'lean-up  of  <  'arbon  Monoxide  by  a  Tung- 

sten Filament7 
"With  the  bulb  at  room  temperature, 
carbon  monoxide  was  observed  to  behave 
exactly  like  nitrogen.  In  fact,  with  the 
filament  at  a  given  temperature,  the  curves 
obtained  first  with  nitrogen  and  then  with 
carbon  monoxide  proved  to  be  identical. 
This  proved  that  each  atom  of  tungsten  com- 
bined with  one  molecule  of  CO,  presumably 
to  form  a  compound  WCO. "  But  with  the 
bulb  immersed  in  liquid  air,  the  rate  of  clean- 
up was  observed  to  be  very  much  greater,  but 
still  linear,  as  in  the  case  of  nitrogen  and  CO 
at  ordinary  temperatures  of  the  bulb. 

(4)  Clean-up  of  Hydrogen  by  a  Tungsten  Fila- 

ment* 
When  a  tungsten  wire  is  heated  to  a  tem- 
perature above  1300  deg.  K.  in  hydrogen  at 
low  pressure  (1  to  20  bars),  a  portion  ©f  the 
gas  is  dissociated  into  atomic  hydrogen  and 
this  is  readily  adsorbed  by  glass  surfaces  at 
room  temperatures  and  much  more  at  liquid 
air  temperatures.  It  is  possible  in  this 
manner  to  clean-up  20  to  50  cubic  mm.  of 
hydrogen.9  A  limit  to  this  clean-up  is  how- 
ever set  by  the  fact  that  the  "hydrogen  atoms 
react  to  form  molecular  hydrogen  as  soon  as 
they  come  in  contact,  even  at  liquid  air  tem- 
peratures."     The   amount   of   hydrogen   gas 

?J.  Am.  Chem.  Soc.  37,  1159  (1915). 

»  See  references  in  J.  Am.  Chem.  Soe.  37,  1161  (1915). 
'Trans.  A.I.E.E.,  3-!.  1913  (1913); 

10  This  effect  has  been  described  by  Langmuir  in  the  paper  in 
Trans.  A.I.E.E.,  32.  1913  (1913). 


that  can  he  cleaned  up  in  this  manner  by  a 
heated  tungsten  filament  is  very  variable  and 
fatigue  effects  are  apt  to  be  observed,  so  that 
this  method  cannot  be  recommended  as  very 
useful  in  cleaning  up  residual  amounts  of 
hydrogen  gas. 

Traces  of  oxides  present  in  a  bulb  are 
reduced  by  the  active  hydrogen  with  forma- 
tion of  H20.  The  latter  is  then  dissociated 
again  at  the  filament  forming  W03  which 
distills  to  the  bulb  and  active  hydrogen,  which 
again  reacts  with  the  W03  on  the  bulb  to  form 
tungsten  and  H20.  The  result  is  that  the 
glass  walls  become  covered  very  rapidly  with 
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a  black  deposit,  due  to  the  disintegration  of 
the  filament.  This  is  also  the  reason  that 
even  slight  traces  of  water  vapor  in  the 
presence  of  a  heated  tungsten  filament  will 
produce  an  apparently  continuous  evolution 
of  gas.10 

(5)  Vacuum  Attainable  by  Heating  a  Tungsten 
Filament  in  Contact  with  Residual  Gases 
The  observation  that  a  tungsten  filament 
heated  to  a  very  high  temperature  causes  the 
clean-up  of  practically  every  gas  to  a  very 
low  pressure  was  utilized  by  Langmuir  in  the 
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high  vacua  that 
ai  curate  da 
ils.'1    The  method 
o 
also  contains  an  auxil- 
ingand 
i  tal  parts  to  a  high  tempcra- 
vhile  on  the  pump,  the  bulb  is 
liquid  air,  and  the  atu 
to  2800  b 

ird  up  to  a  very 
kepi  immersed 
in    liquid    air    while    making    the    electrical 
this    high    vacuum    is   main- 
tained. 

Some  experiments  made  at  the  writer's  sug- 
-.  by  Messrs.  If.  Huthsteiner  and  C.  A. 
Kidm  rmine  the  degree  of  vacuum 

attainable  by  this  method  yielded  interesting 
results.  Usinga  hairpin  filament  aboul  0.0076 
cm.  diameter  and  7.5  cm.  long,  with  heavy 
nickel  leads  (0.1  cm.  diameter)  to  prevent 
excessive  heating  of  the  latter,  it  was  possible 
by  heating  the  filament  to  2700  deg.  EC.  to 
obtain  a  clean-up  from  aboul  0.02  liar  to 
0.0015  bar,  the  pressure  a  uredbyan 

ionization  gauge  attached  to  the  bulb.  An 
appendix  scaled  onto  the  system,  consisting 
of  the  gauge  and  bulb,  was  then  immersed  in 
liquid  air  and  on  heating  the  filament  to  2700 
dej  EC.  the  pressure  was  observed  to  decrease 
to  0.001  bar. 

In  another  experiment  in  which  the  bulb 
containing  the  tungsten  filament  was  wholly 
immersed  in  liquid  air  during  evaporation  of 
the  tungsten,  the  pressure  was  decreased  from 
about  (l.l  liar  to  0.0005  liar.  Taking  into 
account  the  fact  that  during  these  experiments 
the  ionization  gauge  itself  was  not  immersed 
in  liquid  air,  there  is  no  doubt  that  the  degree 
of  vacuum  attainable  in  Langmuir's  experi- 
ments must  have  been  better  than  0.0005  bar, 
and  probably  nearer  0.0001  bar. 

In  some  more  recent  experiments,  Huth- 
steiner has  observed  that  a  small  trace  of 
P205,  sublimed  into  the  bulb  before  sealing 
it  off  the  pump,  materially  assists,  in  the 
presence  of  the  heated  filament,  in  cleaning 

16  (1914). 

12  For  method  of  determining  the  temperature  of  tungsten 
filaments,  see  I.  Langmuir,  General  Electric  Review 
(1916). 

"See  Patent  Specih  1917),  and    also 

No.  1. 208.597  (1917). 

'«  See,  for  instance,  i.  X-Rays. "  which  gives 

in  Chapt.  VI  a  discussion  of  this  effect  as  observed  in  the  older 
type  of  X-rav  tubes. 

15  Phi  1916). 

"R.  ii         1901). 

Ann.  d.  Phys., 

A.  Skinner,  Phi1. 
'IB.  1 
"  L.  V.  Chrisler,  P  Phys.  Rev.  29, 


up  residual   gases  to  a  very   low   pressure. 
This  i  ne  to  the  fact,  previously 

observed  by   Mr.   G.    M.   J.   Mackay,"  that 

is  capable  of  cleaning  up  very 
amounts  of  atomic  hydrogen.  Also  the  well- 
known  hygroscopic  properties  of  P2O5  make 
it  a  very  efficient  reagenl  tor  absorbing  re- 
sidual water-vapor.  The  only  disadvantage 
of  this  substance  is  its  comparatively  high 
1  pressure  even  at  ordinary  temperature. 
It  has,  however,  been  observed  in  this  labora- 
ia1  in  id  P2O5  has  a  lower  vapor  pres- 
sure. 
Some  experiments  carried  out  a  number  of 
ago  by  Mackay  and  Huthsteiner 
Lelded  interesting  results  on  the  quantities 
of  hydrogen  and  nitrogen  thai  can  be  cleaned 
up  by  P0O5  in  the  presence  of  a  heated  tung- 
sten filament.  By  heating  the  filament  to 
2300  deg.  K.,  the  pressure  in  a  volume  of  850 
cm3  could  be  reduced  from  150X10-3  mm.  to 
1X10-3  mm.  of  mercury  in  two  minutes. 
With  the  filament  at  2700  deg.  EC.,  the  pres- 
sure was  reduced  from  1.005  mm.  to  4X10-3 
mm.  in  about  three  minutes.  That  the 
clean-up  is  due  to  P205  vapor  was  shown  by 
cooling  the  bulb  to  the  temperature  of  liquid 
air,  when  there  was  observed  only  a  slight 
disappearance  ofjiydrogen. 

ELECTRICAL  CLEAN-UP  OF   GASES  AT 
HIGHER  PRESSURES 

The  gradual  clean-up  of  gas  during  the 
passage  of  an  electrical  discharge  in  a 
"vacuum "  tube  was  first  observed  by  Pliicker 
in  1858.  As  the  gas  disappears,  the  voltage 
required  to  pass  current  through  the  tube 
increases  and,  finally,  the  vacuum  becomes 
"non-conducting."  In  the  gas-filled  X-ray 
tube,  this  phenomenon  was  known  as  "harden- 
ing, "  since  the  higher  the  voltage  required 
to  produce  the  discharge,  the  "harder"  the 
resultant  X-rays  became.14  In  spite  of  the 
large  number  of  investigations  on  this  sub- 
ject, the  exact  cause  of  the  phenomenon  is  as 
yet  an  open  question.  "The  effect  is  undoubt- 
edly not  a  simple  one,  and  there  are  probably 
several  contributory  causes."  S.  Brodetsky 
and  B.  Hodgson15  have  given  the  following 
list  of  the  explanations  which  have  been 
proposed : 

(1)  Chemical  action  between  the  gas  and 

the  glass16 

(2)  Chemical  action  between  the  gas  and 

the  cathode1' 

(3)  Chemical  or  mechanical  action  between 

the  gas  and  the  anode18 19  20 
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(4)  Chemical  action  due  to  active  nitrogen21 

(5)  Mechanical  occlusion  of  the  gas  in  the 

glass22 

(6)  Mechanical  occlusion  of  the  gas  in  the 

cathode23 

(7)  Mechanical  occlusion  of  the  gas  in  the 

disintegrated  part  of  the  cathode24 
It  is  well  to  remember  in  this  connection 
that,  according  to  our  present  views,  electric 
conduction  in  gases  is  effected  by  means  of 
electrons  and  positive  ions,  the  latter  being 
produced  either  by  bombardment  of  the  anode 
by  electrons  or  by  collision  of  the  latter  with 
gas  molecules.  The  positive  ions  attain,  under 
even  moderate  voltages,  velocities  which  are 
much  greater  than  those  possessed  by  ordi- 
nary gas  molecules  in  virtue  of  their  kinetic 
energy  of  translational  velocity-  Thus,  at 
ordinary  temperature,  the  mean  velocity  of 
a  molecule  of  hydrogen  is  about  1900  meters 
per  second,  and  that  of  a  molecule  of  nitrogen 
about  500  meters  per  second.  When  these 
molecules  are  ionized,  the  velocity  is  given  by 
the  relation 

where  m  =  mass  of  the  ion 

u   =  velocity  of  the  ion 

V  =  potential  difference  through  which 

the  ion  passes 
e  =  charge  on  an  electron  (or  ion  with 
unit  positive  charge). 
Converting  to  ordinary  units,  this  relation 
becomes 

u  =  1.396X10*Vv/M  cm.  scc-{. 
where  V  is  expressed  in  volts  and  M  is  the 
molecular  weight  of  the  gas.  So  that  at  100 
volts,  the  velocity  of  a  hydrogen  ion  would  be 
9800  meters  per  second,  and  that  of  a  nitrogen 
ion  2600  meters  per  second.  At  higher  volt- 
ages, the  velocities  would  be  still  greater.  It 
is  therefore  reasonable  to  expect  that  such 
high  velocity  molecules  might  be  able  to 
penetrate  into  the  glass  walls  in  much  the 
same  manner  as  the  alpha  particles  (posi- 
tively charged  helium  atoms)  expelled  by 
radioactive  atoms.  On  the  other  hand,  if  we 
compare  the  energy  of  high  velocity  ions  with 
the  kinetic  energy  of  molecules  at  higher 
temperatures,  we  find  that  a  hydrogen  ion 
moving  through  a  field  of  100  volts  has  the 
same  kinetic  energy  as  a  hydrogen  molecule 
at  about   7500   to   8000  deg.    K.      It  would 

21  S.  E.  Hill.  Proc.  Phys.  Soc.  London,  35  I  L912). 

22  Campbell-Swinton,  Proc.  Rov.  Soc.  79,  A,  134  (1907). 
»  Riecke,  Ann.  d.  Phys.  IS.  1003  (1904). 

24  F.  Soddy  and  Mackenzie,  Proc.  Rov.  Soc.  80,  A.  92  (1908). 

25  J.  Am.  Chem.  Soc.  SS.  931  (1913). 

26  Proc.  Phys.  Soc.  London,  28,  124  (1916) 


therefore  not  surprise  us  to  find  that  such  ions 
are  capable  of  combining  chemically  with 
molecules  upon  which  they  happen  to  impinge. 

According  to  Langmuir25  both  these  types 
of  reactions  occur  in  the  clean-up  of  nitrogen 
in  presence  of  a  hot  tungsten  cathode  when 
an  electric  discharge  passes.  At  higher  pres- 
sures, the  reaction  is  "electro-chemical,"  the 
nitrogen  combining  with  the  tungsten  to  form 
the  nitride  WN2.  At  very  low  pressures  and 
high  anode  voltages,  the  action  is  apparently 
purely  mechanical  (Langmuir  designates  this 
the  "electrical"  clean-up).  The  nitrogen  is 
driven  into  the  glass  in  such  a  form  that  it 
can  be  recovered  by  heating.  The  action  is 
thus  apparently  reversible,  and  only  limited 
quantities  of  nitrogen  can  be  cleaned  up  in 
this  manner.  The  electric  clean-up,  as  dis- 
tinguished from  the  electro-chemical,  also 
exhibits  distinct  fatigue  effects. 

It  is  quite  probable  that  both  these  two 
types  of  clean-up  occur  simultaneously  in 
practically  all  the  cases  where  gases  disappear 
during  electrical  discharge,  and  we  shall  find 
that  this  point  of  view  enables  us  to  interpret 
to  a  large  extent  the  many  apparently  con- 
tradictory results  obtained  by  the  different 
investigators. 

Willows16  observed  that  the  amount  of 
clean-up  of  gas  in  a  discharge  tube  varied 
according  to  the  nature  of  the  glass  from 
which  the  tube  was  made.  The  adsorption 
was  least  in  Jena  glass,  more  in  lead  glass,  and 
greatest  in  soda  glass.  At  constant  current, 
the  absorption  was  found  to  increase  with 
decrease  in  pressure.  The  conclusion  arrived 
at  was  that  the  clean-up  is  due  to  chemical 
reactions  between  the  gases  and  the  glass 
walls.  In  support  of  this  view,  S.  E.  Hills21 
has  shown  that  absorption  is  observed  with 
air  in  an  electrodeless  discharge.  His  experi- 
ments were  carried  out  in  the  range  of  pres- 
sures varying  from  0.4  mm.  to  0.04  mm.  of 
mercury.  During  these  experiments  the  bulbs 
became  covered  with  a  dark  deposit  on  the 
walls,  presumably  due  to  oxidation  reactions. 
On  exhausting  these  bulbs  and  filling  them 
with  hydrogen  at  about  one  mm.  pressure,  the 
discharge  caused  a  rapid  disappearance  of  the 
gas  and  the  deposit  became  lighter  colored, 
which  Hills  accounted  for  by  chemical  reduc- 
tion. Willows  has  repeated  Hills'  experiments26 
with  quartz  vacuum  tubes,  and  observes  that 
"a  new  quartz  bulb  does  not  absorb  air,  but 
if  it  be  fed  with  repeated  doses  of  hydrogen — 
which  are  absorbed  when  an  electrodeless 
discharge  is  passed — it  then  becomes  very 
active.     If  discharges  in  hvdrogen  are  alter- 
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air  thi 
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issum- 

I 
i 
als  with  hyd 
ed  during  the  discharge,  and 

ed.  this  obsi 
(Ar,  He,  Ne,  etc).     In  the 
discharge  with  a   :  ■ 
.  a     ode,  .-ill   the  chemically 
rem  t\  ed  from  a  mixture  of 
with  the  rare  gases.     Nitrogen  i    com 
i  he  alkali  metal 
peratures.      In    the   case   of 
ci  implete   ab  orpl  ii  m    occurs   with 
and  with  potassium  at 
L75  deg.  C,  while  rubidium  and  caesium  are 
lower  temperatures.     Gehl- 
hoff  believes  thai  chemical  combination  occurs 
between   the  vapors  of  the  metals  and   the 
residual  gases  in  an  active  stale 

absorption    of   hydrogen    by   sodium- 
potassium  electrodes   1        also  beet 

by    R.   C.   Gowdy.28     Absorption  was 

ed  i vnr  when  the  alloy  was  used  as 

1  evolution  when  used  as  anode. 
The  |yj  dride  is  apparently  decomposed  by  the 
h    rays. 
The  most  recent   work  on  this  subject   is 
that    of    F.    II.    Newman.29      He    deposited 
different  elements  in  a  pure  condition  on  the 
i  i  ric  discharge  tube  and  then 
determined  the  absorption  of  different  gases 
on  passing  an  electric  discharge.     "Measure- 
ments were  made  to  compare  the  amount  of 
nitrogen  gas  absorbed  by  the  element  in  the 
tube  with  the  quantity  of  electricity  passing 
mi.     Potassium,  sodium,  mercury, 
cadmium,    antimony,    magnesium,    calcium, 
zinc,    tin,    phosphorus,    sulphur,    and    iodine 
tested  in  this  way.    The  rates  of  absorp- 
tion   were    very   great    with    the    last    three 
elements.     Hydrogen  gas  was  also  used  in  the 
tube,    and    absorption    occurred   with   phos- 
phorus,  sulphur,  and  iodine."     Newman  con- 
from  his  experiments  that  the  clean-up 
is    due    to    chemical    reactions    between    the 
'    on    the    cathode    and    the 
ictive  modifications  on 
an  electric  discharge. 

i 


In  tl  ection  it    is  interesting  to  refer 

briefly    to    the   experiments   carried    out    by 
R.  J.  Strutt30  on  thefoi 

of  a  i  i    modifical  ion  ol   nit  ro- 

gen.      He  observed   I  ha1    on   pa 

-     through    nitrogen    at    low 
a  formol  nil  rogen  i   obtained  which 
an    intense    Yellow    glow    and    is    very 
active  chemically.     As  well  known,  nitrogen 
in  the  ordinary  state  is  very  inert  chemically. 
It   combines  with  other  elements  with  diffi- 
cult} and  only  under  special  conditions  such 
as  high  temperature  or  high  pressure.    On  the 
hand.    Strutt    finds    that    the    nitl 
I  through  the  discharge  tube  under  the 
above  conditions  is  vet  i    chemically. 

"  Drawing  it  by  the  pump  over  a  small  pellet 
of  phosphorus,  a  violent  reaction  occui 
phosphorus  is  formed,  and  the  yellow  glow  is 
quenched.  A1  the  same  time  the  gas  is 
absorbed."  Similarly  active  nitrogen  com- 
bines readily  with  iodine,  sulphur,  and  arsenic. 
There  is  no  doubt,  therefore,  that  the  forma- 
tion of  active  nitrogen  must  be  taken  into 
account  in  explaining  clean-up  effects  in  elec- 
trical discharge 

These  observations  and  the  results  obtained 
1  >v  Langmuir  on  the  electrochemical  clean-up 
of  nitrogen  by  a  heated  tungsten  cathode- 
indicate  that  the  chemical  theory  probably 
accounts  for  some  of  the  clean-up  effects 
observed  in  discharge  tubes.  As  pointed  out 
by  Kaye,  "It  may  be,  also,  that  the  action 
is  stimulated  by  a  species  of  electrolysis  of 
the  glass  produced  by  the  high-tension  dis- 
charge playing  over  its  surface.  It  is  well 
known  that  glass  may  be  readily  electro 
by  quite  moderate  potentials  if  the  tempera- 
ture of  the  glass  is  raised;  and  it  is  a  matter  of 
experience  that  the  discharge  seems  to  have 
an  ageing  effect  on  the  glass,  to  the  detriment 
of  subsequent  working  on  the  blowpipe.  Such 
electrolysis  might  have  a  marked  effect  on  the 
gas  film  which  glass  and  other  solids  can  con- 
dense on  their  surfaces. " 

That,  however,  the  clean-up  occurs  owing 
to  reactions  which  are  not  chemical  is  shown 
by  the  fact,  obse'rved  by  Soddy  and  Macken- 
zie,'-4 that  both  pure  helium  and  neon  are  also 
absorbed  in  electric  discharge  tubes.  With 
aluminum  electrodes,  such  as  were  used  in 
their  experiments,  the  electric  discharge 
a  considerable  mechanical  disintegra- 
tion of  the  cathode,  and  the  portio 
adjacent  to  this  electrode  become  covered 
with  a  deposit  of  the  metal  in  a  finely  divided 
state.  This  phenomenon  is  known  as  "ca- 
thodic  -.puttering"  and  occurs  to  a  largi 
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smaller  extent  according  to  the  composition 
of  the  cathode.31 

From  the  fact  thai  the  gases  could  be 
recovered  by  heating  the  tubes,  Soddy  and 
Mackenzie  concluded  that  the  gases  were 
mechanically  adsorbed  by  the  deposits  formed 
around  the  cathode.  The  finely  divided  metal 
formed  by  sputtering  is  thus  assumed  to 
behave  like  palladium  or  platinum  black  in 
the  ordinary  adsorption  phenomena.  That 
cathodically  sputtered  metals  adsorb  hydro- 
gen during  discharge  has  been  shown  by 
Heald32,  and  other  investigators. 

C.  A.  Skinner33  found  in  his  experiments 
that  gas  was  evolved  at  the  cathode  and 
absorbed  at  the  anode.  The  gas  evolution 
occurred  at  a  rate  given  by  Faraday's  law, 
that  is,  1  gm.  of  hydrogen  for  96,500  cou- 
lombs. It  is  to  be  noted  that  with  fresh 
electrodes  a  number  of  observers  have  found 
that  "there  is  often  an  initial  evolution  of 
gas,  especially  in  hydrogen  and  nitrogen,  or 
in  any  gas,  with  aluminum  electrodes.  But 
if  the  tube  is  used  and  then  allowed  to  stand 
awhile,  on  restoring  the  current,  no  initial 
evolution  is  found  in  most  cases. " 

L.  V.  Chrisler20  has  also  concluded  that  the 
absorption  in  the  discharge  tube  occurs  at  the 
anode.  On  the  other  hand,  the  weight  of 
evidence  points  to  the  predominating  influence 
of  the  cathode  on  the  amount  and  rate  of 
absorption.  B.  Hodgson19  and  S.  Brodetsky 
and  Hodgson15  have  investigated  the  relation 
between  amount  of  clean-up  and  current,  and 
also  the  effect  of  varying  the  chemical  com- 
position of  the  electrodes.  The  amount  of 
gas  absorbed  per  coulomb  was  observed  to 
increase  with  decrease  in  pressure,  as  had 
previously  been  observed  by  Willows.     The 

"  See  Kave's  "X-Rays,"  Chapt.  VII  for  a  description  of  the 
phe 


i  Phys.  Rev.  2\,  269  (1907). 

'Phil.  Mag.  12,  4X1   (1906);  Phys.  Rev.    U,  1,169  (1905); 

Phys.  Zeits.  K,  61(1     .905). 
1  Ann.  d.  Physik,  BO,  769  (1916). 


pressures  at  which  these  experiments  were 
carried  ou1  varied  from  2  mm.  to  0.03  mm. 
approximately.  A  battery  giving  about  3200 
volts  was  used  as  source  of  current,  and  the 
actual  current  strength  varied  from  0.008  to 
0.002  amp.  They  found  that  the  absorption 
varied  with  the  rate  of  disintegration  of  the 
cathode,  and  no  absorption  was  obtained  in 
absence  of  such  disintegration.  Furthermore, 
the  absorption  was  observed  to  increase  with 
increase  in  cathode  drop.  They  therefore 
concluded,  in  agreement  with  Soddy  and 
Mackenzie,  that  the  major  portion  of  the 
clean-up  is  due  to  adsorption  of  the  gas  by  the 
metal  sputtered  from  the  cathode. 

These  observations  have  been  confirmed  to 
a  large  extent  by  L.  Vegard.34  He  finds  that 
absorption  is  small  as  long  as  the  cathode  drop 
is  below  a  certain  "threshold"  value,  and  he 
connects  the  clean-up  with  cathodic  sputter- 
ing. The  absorption  rate  follows  the  cathode 
drop  and  runs  parallel  with  the  amount  of 
cathodic  sputtering.  Thus,  in  oxygen  gold 
electrodes  show  more  sputtering  than  elec- 
trodes of  platinum.  At  the  same  time,  the 
rate  of  clean-up  is  greater  with  gold  than  with 
platinum.  Vegard  also  observed  that  in  the 
case  of  helium  there  is  a  measurable  clean-up 
which  is,  however,  less  than  that  obtained 
under  similar  conditions  with  either  nitrogen 
or  oxygen.  In  the  case  of  hydrogen  both 
absorption  and  evolution  were  found  to  occur. 
"  When  a  current  of  definite  value  has  reduced 
the  pressure  to  a  given  value,  a  larger  current 
causes  evolution,  and  a  smaller  one,  absorp- 
tion."  This  probably  accounts  to  a  certain 
extent  for  Skinner's  observations.33  Vegard 
concludes  from  his  experiments  that  absorp- 
tion occurs  at  the  cathode  and  is  somehow 
caused  by  high  velocity  positive  ions  imping- 
ing on  the  cathode.  In  other  words,  his 
explanation  attempts  to  straddle  both  the 
chemical  and  mechanical  theories. 
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High  Frequency  Absorbers 

PART   I 

By  G.  Faccioli  and  H.  G.  Brixton 

Pittsfield  Works,  General  Electric  Company 

ivcling  waves  and  the  effect  of  concentrated  capacitance  and  inductance  have  been  dis- 
i:  i  view.      The  present  article  discusses  the  effect  of  resistance  in 
s  a  "high-frequency  absorber."      It  is  shown  that  such  an  absorber  is  a  valuable 
i  protecting  against  those  transient  disturbances  which  are  of  too  low  voltage 
■r  but  which  may  still  be  dangerous  because  of  steep  wave  front  and  becaus< 
suit  in  the  building  up  of  local  oscillations.      In  Part  II  the  inductance-resistance 
n  ;i  lered.—  Kditor. 

■stances  in  combination  with  condensers 
,     -        are  used  to  abs  irb  the  energy 
h  frequency  oscillations  and  of  traveling 
binations,  popularly  called 
"high-frequency al  prevent  thebuild- 

ing-up  of  oscillati  findings  of  trans- 

rs  and   generators,  since  if  the  source 
of  the  high  frequency  oscillations  is  of  small 
the  dissipation  of  energy  in  the  resist- 
lolds  down  the  line  oscillations  to  very 
small  values.    They  also  modify  the  phenom- 
ena of  transmission  and  reflection  of  traveling 
along  transmission  lines,  especially  at 
the  wave  fronts,  substantially  decreasing  the 
possible  dangers  resulting  from  steep  waves. 
The  deformations  produced  at   the  front  of 
agular  waves  by  a  condenser  connected 
in  shunt  with  the  line  or  by  an  inductance 
connected  in  scries  with  the  line  have  been 
studied  by  different  investigators  and  are  well 
known.     This  article  will  treat  of  the  influ- 


'  These  combinations  ' 


:  first  proposed  by  G.  Campos. 


ence  resulting  from  the  addition  of  a  resist- 
ance in  series  with  the  condenser  and  the  addi- 
tion of  a  resistance  in  shunt  with  the  induc- 
tance, special  attention  being  given  to  the 
absorption  of  energy  by  these  resistances. 

It  will  be  noted  that  high  frequency  oscilla- 
tions are  assumed  to  be  undamped  and  that 
traveling  weaves  are  assumed  to  possess 
rectangular  fronts.  These  assumptions,  es- 
pecially the  latter,  are  made  in  order  to 
simplify  calculations,  although  they  represent 
limit  cases  that  do  not  occur  in  practice. 
Their  study,  however,  will  give  results  which 
properly  interpreted  are  applicable  to  phe- 
nomena actually  occurring  in  the  high  ten- 
sion systems. 

Condenser-resistance 

Let  us  discuss  first  the  absorber  constituted 
by  a  resistance  in  series  with  a  condenser  and 
connected  across  line  conductors  or  from  line 
conductors  to  ground. 
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The  action  of  this  device  will  be  investi- 
ated  in  connection  with: 

(a)  Sustained  oscillations. 

(b)  Rectangularwavesofdifferentlengths. 
(a)  With   a    given    condenser   and   a   high 

frequency  oscillation  of  given  voltage,  the 
dissipation  of  energy  varies  with  the  resist- 
ance and  tlic  frequency.  Assuming  that  the 
oscillation  is  "sustained,"  the  current  is: 

Vr*+x2 

where  R  is  the  value  of  the  resistance  in  situs 
with  the  condenser,  X  is  the  reactance  of  the 
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With  a  given  reactance  Ai  the  maximum  loss  is 


RIi(max.)  = 


2XX 


R 


Let  a  =  — ,  and  substitute  in  the  general  equa- 

-v  i 

tion. 

Then 


RP-  = 


2=£V_2a_\ 


The  relative  RI-  loss  for  various  values  of  a  is 
plotted  in  Fig.  1.  This  curve  shows  that  the 
loss  is  a  maximum  for  R  =  X,  but  that  R  may 
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RP  =  E- 


condenser,  and  E  the  voltage  of  the  oscilla- 
tion.    Therefore  the  watts  loss  is: 

FL 

Ri+X? 

This  loss  is  a  maximum  for  R  =  X,  as  can  be 
proved  by  considering  that  the  maximum  loss 
occurs  when 

_5_/      R 


SRyRt+X2; 


=  0 


+  X--2R"-  =  0 
=  X 


be  varied  over  quite  a  wide  range  for  a  given 
value  of  A'  without  greatly  decreasing  the  loss. 
The  frequencies  at  which  dangerous  local 
oscillations  may  be  built  up  in  windings  cover 
a  small  range,  of  which  the  average  is  about 
60  kilocycles.  Fig.  2  shows  the  variation  of 
the  resistance  loss  with  the  frequency  for  vari- 
ous values  of  R.  A'i  is  the  capacity  reactance 
at  60  kilocycles.  The  loss  is  plotted  to  the 
same  scale  as  in  Fig.  1.  These  two  figures 
show  that  R  may  be  chosen  considerably  less 
or  greater  than  A",  without  greatly  decreasing 
the  resistance  loss,  if  it  is  found  to  be  advisa- 
ble for  other  reasons. 
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In   all   tli'  i     traveling  wave  is 

ical    front,  with  a  \ 
/',  and  a  current  /,. 

Whi  ii  the  wa\  e to  theabsorl  >er  from 

Z|,  thi  iergy   II',  =  /',/,  /  is  divided. 

A    pari    II  A    part    Wr  is 

ed.    A  pari  Ws  is  temporarily  stored  in 
'  mdenser      A   part    Wr  is  dissipafc 
absorl»-d   in   the  resistance  of   the  high   fre- 
quenc 

The  i   [uation   for   Wr  from   time 

'/    Id    tile 


■  =  / \ 1 ,<  -R/: ,*Z?*\. ( l  -  e  - '■■■ ) 


{z,+z,y- 


where 


In  studying  the  effect    of   the   resists   o 
we  will  consider  a  high  frequency  ab 
0 
on  a  transmission  line  having  a  natural 
'',  of  300  ohms. 
Three  eases  will  be  considered: 

1.  /■_>  is  equal  to  10Z]  or  3000  ohms,   and 
represent  -  a  transformer. 

2.  /-j  is  equal  to  /.,  or  300  ohms,  i.e.,  the 
circuit  has  the  same  constant  on  both  side-  of 

i  irber. 
3      /■_■  is  equal  to  n  I/,  or  30  ohms,  and 


\«+m 


Appendix  L) 


In  order  to  have  a  general  idea  of  the  order 
of  magnitude  of  the  duration  of  this  phe- 
nomenon, it  will  consider  that,  if 
the    resistance    loss    would    continue    at    its 

initial    ratef  which   is  PJ^UiB-—^'^  \ 
during  the  time  — -=  the  energy  consumption 
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would  be  equal  to   Wr  from  /  equals  0  to  t 
equals  infinity.     Lei  us  assume  [or  simplicity 

Zi  =  Z2  =  R  =  300  ohms 
then 


Pij 


2  B 
show 


=  r  =  4..">  in  '  seconds. 


resistance  in  term 

of  the  incoming  wave,  that  is 


the  energy  dissipated  in  tin 
f  the  energy  in  limn  ft 
Wr 


for 


P./.IO-' 

varii  his  values  of  R  in  terms  of  Z\.  with  Z\  =  300 
ohms  and  C  =  2  X  10~s  farads.  The  dotted  lines 
sh<>\\  the  total  dissipation  fur  a  wave  of  infinite 
length.  The  solid  line  curves  show  the  dissi- 
pation during  5  and  10  micro-seconds.     These 


.10 


10,000  ft.  long  is  approximately  as  great  as 
the  dissipation  for  longer  waves.  Thus  the 
absorber  considered  in  calculating  these 
curves  is  most  efficient  for  waves  of  10. 1)1)0  ft. 
length  or  less.  If  it  were  desired  to  dissipate 
more  energy  from  waves  of  longer  length  it 
would  be  necessary  to  use  a  larger  absorber. 

At  the  end  of  the  wave,  the  condenser 
discharges.  Part  of  the  stored  energy  II' 
is  then  transmitted  back  to  lines  Zi  and  Z2 
and  a  part  is  absorbed  in  the  resistance.  The 
sum  of  this  absorbed  energy  and  Wr  is  W'r. 

Figs.  6,  7,  and  8  show  how  the  energv  of  a 
5000-ft.  wave  on  a  transmission  line  divides 
at  the  absorber,  for  the  three  values  of  Z2, 
with  Zi  =  300  ohms  and  C  =  2X10~8  farads. 


W 


.06 


Pi/ilO"6 


.04 


.02 


/ 

^■Z'loZl    t=&o 

/ 

6 

?2-JqZi  £=Sx/0~%c. 

—- 

0.2 


0.4        0.6 


1.0 


1.2 


IA 


1.6 


2.0      2.2 


time  intervals  correspond  to  wave  lengths  on 
the  transmission  line  of  5000  and  111, 000  ft., 
respectively.  In  Fig.  5  the  curve  for  Z2  =  0.1Zi 
is  plotted  to  a  larger  scale. 

The  total  energv  in  two  such  rectangular 
waves  is  5  PJi  1(H  and  10  PJX  lO"6  watt- 
seconds  or  joules.  These  curves  show  that  a 
large  percentage  of  the  energy  of  these  short 
waves  may  be  dissipated  by  high  frequency 
absorbers  such  as  the  one  selected  in  this  case. 
The  curves  also  show  that  the  value  of  R  may 
be  varied  considerably  without  greatly  de- 
creasing the  dissipation  of  wave  energy. 
The  effect  of  variation  of  R  upon  the  flatten- 
ing of  the  wave  front  is  considered  later. 
The  curves  are  changed  very  little  if  Z->  is 
chosen  greater  than  10Zi.  If  R  is  equal  to 
Zx  or  less,  the  dissipation  of  energy  for  a  wave 


Where  Z2  is  large  in  comparison  with  Z 
(Fig.  6)  a  large  percentage  of  the  energy  of 
ll'i  is  absorbed.  Where  Z2  is  small  in  com- 
parison with  Z]  (Fig.  8),  nearly  all  the  energy 
is  transmitted  or  reflected  and  the  absorber 
has  little  effect  on  waves  in  that  direction. 

The  curves  of  Figs.  4  to  8  inclusive  refer  to 
waves  on  a  transmission  line.  A  value  of  C 
has  been  used  which  is  one  of  the  smaller 
values  used  in  modern  high  frequency  ab- 
sorbers. The  mathematical  equations  for 
all  of  these  curves  are  given  in  Appendix  1. 

Similar  curves  can  also  be  plotted  for 
waves  in  a  cable  where  Z\  is  much  smaller 
than  in  a  transmission  line.  In  this  case  it 
is  found,  as  before;  that  a  large  energy  ab- 
sorption may  be  obtained  for  a  wave  passing 
the  absorber  to  a  circuit  where  Z2  is  large  in 
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P./.IO-6    2 


2.0       2.2 


arison   with   Z,.      A    Li  Li  nser, 

er,  is  required  in  the  case  of  the   cable 
than  in  the  case  of  the  transmission  line. 

example  will  be  instruc- 

i  ire  worked  out  below. 

given  in  Appendix  1  are  used 

and  no  further  explanation  seems  necessary 

point  out  that  at  t  equal 

zero,  all  the  o  mditions  are  I  he  same  as  if  the 

alone  wen-  connected  across  the 


line,  whereas  final  conditions  are  the  same  as 
if  no  extra  device  were  connected  across  the 
line. 

Let  us  assume 

Zi  =  500  ohms 
Z2  =  2000  ohms 
C  =2XKI-S  fa. 

ZiZ2 


R  = 


Zi+Zi 


■■  400  ohms 


z2=z, 

~wz 

■Ws 

0.2       0.4 


0.6 


0.8 


1.0 


R_ 
Z, 


1.2 


IA        1.6 


1.8 


20      2.2 
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This  value  of  the  resistance  is  chosen 
because  it  gives  the  maximum  rate  of  dissi- 
pation of  energy  at  t  equal  zero. 

The  incoming  wave  has 
px  =  105  volts 

ii  =  ---  =200  amperes 
500 

The  energy  per  looo  ft.  of  the  incoming  wave 
is  (since  the  wave  travels  1000  ft.  in  1  micro- 
second ) , 

pjx  10-6  =  20  watt-seconds. 

To  facilitate  the  calculations,  we  will  first  find 

B  = ^ =         1      -    See  (5) 

2(400  +  400)      10X10-°  K  ' 


Regarding  "energies,"   if  the  absorber  were 

AZiZi 
omitted  the  part 


,.,=0.64    of    the    in- 
\£\.-\-Zi) 

coming  energy  would  be  transmitted  and   the 

pari  I  „      _  I  =  0.36  of  the  incoming  energy 

would  be  reflected,  and  the  wave  fronts  would 
remain  vertical.    See  (15)  and  ( 16)  for  M  =0. 

The  "absorber,"  we  know,  dissipates  part 
of  the  energy  and  modifies  the  wave  fronts. 

Comparing  the  action  at  the  wave  fronts 
by  the  absorber  having  C  =  2X10~8  farads 
and  7?  =  400  ohms  with  the  action  of  the 
simple  condenser  of  the  same  capacity 
2X10^8  farads,  we  tabulate  the  energies  that 


J 
4 
3 
2 
/ 

Z2-/0 

z, 

-wr 

w 

PxJilO-' 

-w2 

-IVs+Wfe 

0        0.2 


0.4 


05 


03 


1.0         1.2 
R_ 

Z/ 


1.4 


Lb 


2.0 


CPP  =  2X400 


108 


16X10- 


=  0.1024  See  (19) 

The  voltage  P2  of  the  transmitted  wave  goes 
from 


4000/   _1\ 

2500\  -) 
1.6  Pi  at  t=  < 
■  Pr  of  the  reflc 

(1500  _  L6\ 
2500       2  ) ' 


0.8  Pi  at  t  =  0 

to  1.0  Pi  at  t  =  «>  See  (8) 

The  voltage  Pr  of  the  reflected  wave  g<  ies  from 


to-O.OPj  at  t  = 


-0.2  Pi  at  /  =  0 

See  (9) 


modify  the  fronts  and  tails  of  the  waves  as 
follows: 

See  from  (15)  to  (18)  and  from  (27)  to  (29). 


P  =  0 


7?  =  400 


Front 


If.,  =0.64Pi/ii- 153.6  W2  =  0.64PiIi*- 179.2 
Wr  =  0.36PJii- 102.4  W,  =0.36PiIiZ- 204.8 
Ws=2bQ  Ws=256 

WR  =  0  U'r=12n 


Tail 


W_2  =51.2 
W_r  =204.8 
Wr  =  0 


IT,  =  25.0 
Wr  =  102.4 
WR  =  128 


I. ,ii      M. 
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.   II  ,,  would 

■    m..        aiue    ;,■ 

2/ I 


M 


ae 


1.2 


z2--/oz, 

Zz=Z, 

\      - 

-Pr 

Pz- 

Zz'JqZi 

> 

1 

1 

- 

■  •  .n  d  in  the  condenser 
urned  i o  the  circuil  /■■,  102.4  are 
return  circuil  Z,  and   128  arc  dissi- 

i  ■  ii.   resi  tance  A'. 
We  havi  bieem        of  a  thousand 

20  wai  t -seconds, 
hi   arm  unl  i  if  energy  dissipated  in 
lice  A.  at    tin-  front  aii'l   tail   - 
ruivalenl   to  Mi-  i  nergj   of  12. sun 
the  inci  rniing  wave. 
It  will  be  to  repeal  the  calcula- 

tor a  wave  traversing  the  same  circuits 
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Fig.  9. 


Value  of  /»,  =  1 


e  taken  from  the  fronts 

of   tin-  transmitted   waves  ami    102.4    watt- 

ds   an-   taken    from    the    fronl  i   of    the 

ted     waves;     these     256     watt-seconds 

ored  idenser.     If  a   r< 

ance  is  o  mnected  in  series  with 

tlic  condenser,  then  179.2  watt-seconds  arc 
taken  from  the  fronts  of  the  transmitted 
waves  and  204.8  watl  i  from 

if  the  reflected  waves      '  »i    these 
38  I  wat  i  -seci  mds,  256  are    iti  ired  in  the  con- 
denser ami   128  arc  dissipated  by  the  rcsist- 
Ai   the  end  of  the  waves,  if  the  con- 
the  256  watt-seconds 
in  it,  51.2  arc  returned  ail  Z2,  204  8 

:  circuit  Z\.     If  a  resistance  of   Hid  ohms 
mdei 


as  before  but  in  the  opposite  direction.     We 
will  then  have 

Zi  =  2000  ohms 
Zi  =    500  ohms 
(  '  =2X1(1"  farads 
R  =  400  ohms 

We  assume  a^ain  the  voltage  of  the  incom- 
ing wave  to  be  Pi  =  105  volts. 

The  current  of  the  incoming  wave  will  then 
p 
Ac  A     .,(H'|(|  -  50  amperes. 

The  energy  per  micro-second  or  per   L000 
the  incoming  wave  is Pi/j  Hi  6  =  5  watt- 
rids.     In  this  case,  />'  is  again  ■ 


men 
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The    transmitted    voltage    P2    goi 

PikS?XM  =  0.2P,  at  t  =  0  to  i).  I/',  at  / 
2500 

See  (8) 


Er<  'in 


The  reflected  wave 


2s  from  Pi 


-¥)- 


(-1 


-0.8  Pi  at  «  =  0  to-0.6  /'i  at  t  = 


Sec  (9) 

In  this  case,  ,1/ =  (1.(11  Hi  1.      See  (19) 
If  there  were  no  absorber,  the  energy  of 
the  incoming  wave  would  again  be  divided  as 
follows:    64   per   cent    would   be   transmitted 
and  30  per  cent  would  be  reflected. 

The  energies  at  the  fronts  and  at  the  tails 
of  the  waves,  when  the  condenser  alone  (2X 


of    the    transmitted    waves    and     22.4     watt- 

lec 1  i  are  reflected  back  into  line  /.\  and  L6 

are  stored  in  the  condenser.  When  a  resist- 
ance of  400  ohms  is  connected  in  series  with 
the  condenser  then  14.8  watt-seconds  arc 
taken  from  the  front  of  the  transmitted  wave, 
20.8  watt-seconds  are  reflected  back  into 
circuit  Z\,  16  watt-seconds  are  stored  in  the 
condenser  and  8  watt-seconds  are  dissipated 
in  the  resistam  e 

At  the  end  of  the  wave,  if  no  condenser  is 
used,  of  the  L6  watt-seconds  stored  in  the 
condenser,  12.8  are  returned  to  line  Za  and 
3.2  to  line  Z\.  If  a  resistance  of  400  ohms  is 
used  in  series  with  the  condenser,  of  the  16 
watt-seconds  stored  in  the  condenser,  6.4  are 
returned  to  line  /■•.   L.6  are  returned  to  line 
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ues  Based  01 


Value  of  7>i  =  l 


10~s  farads)  and  when  the  condenser-resist- 
ance (C  =  2X10-8  farads  and  P  =  400  ohms) 
are  used  may  be  tabulated  as  follows: 
M  =  0.0064 
P  =  0  [£  =  400 

Front 
IT.,  =0.64PJli-38.4    U'.,  =().()4P1/,/-44.s 
Wr  =0.36P1Ii*+22.4    Wr  =0.36P1Ji<+20.8 

ir.v  =  i6  ir>  =  i6 


Tail 

=  12.8 

Wt 

=  6.4 

=    3.2 

Wr 

=  1 .6 

Wr=  o  WR=8 

In  this  case,  when  the  condenser  is  alone, 
38.4  watt-seconds  are  taken  from  the  fronts 


Zi  and  8  are  dissipated  in  the  resistance  R. 
The  resistance,  therefore,  dissipates  a  total 
of  16  watt-seconds  equivalent  to  the  energy 
of  321  ill  feet  of  the  incoming  wave.  The  same 
absorber,  we  have  seen  before,  dissipates  256 
watt-seconds  when  the  wave  passed  from  the 
circuit  of  500  ohms  impedance  to  the  circuit 
of  2000  ohms  impedance.  The  amount  of 
energy  dissipated  in  the  latter  case  is  16 
times  the  amount  dissipated  when  the  wave 
passes  from  the  circuit  of  higher  impedance 
to  the  circuit  of  lower  impedance.  However, 
since  the  energy  per  unit  length  of  the  travel- 
ing wave  passing  from  the  circuit  of  lower 
impedance  to  the  circuit  of  higher  impedance 
is  I  times  that  of  the  wave  traveling  in  the 
opposite    direction,    we    may    say    that    the 
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rom  tl 
cuit  than  when  it 
e  500  ohms 
ab- 

■  tional  to  /■_■,  call- 
if  the  circuit  into  which 

I  to   this    par- 
ral.     In  fact,  the 
ited   in  the 
front  and  the  i 
incoming  v 


P, /,  10   '"' 


2.0 

P2  1.6 

1.2 
Pi 
0.8 
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2  Z,  Z, 

(zl+z2y 


line.     If  the  wave  length  is 
riser  will  also  reduce  th 
value   of   the   transient  i\    the   point 

ed 
denser  witl  .nee  upon  an  in- 

coming rectangular  u  a  a-  of  voltage  Pi  (taken 
equal  to  1)  is  shown  in  Fig.  9  for  a  circuit 
Zi  =  300  ohms  and  a  condenser  C  =  2 
farads.     Three  values  of  Z 

entire  wave 
P 

■  Z.  =  Z\.  The  other  waves 
imilar.  Time  is  used  for  abscissae  he- 
cause  the  velocit;  ave  varies.  The 
velocity  is  about  1000  ft.  per  micro-second  on 
a  transmission  line  but  is  less  in  a  cab 
transformer.      When  a  resistance  is  con: 
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uesofR 
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-n-zz, 
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ir  that  multiplies  Z-  : 
whether  the  wave  travels  in  one   direc- 
tion or  in  the  opposite  direction.     The 

es  to  the  energy  at  the  tail 
of  the  wave. 

'  this  type  of  absorber  dissipates  rela- 
tively more  energy  when  the  wave  passes  from 
ver  to  the  higher  impedance  circuit  has 
iwn  in  the  preceding  curves. 
Condensers  witl  -  resistance  have 

cipally  in  Europe)  to  flatten 
out  steep  wave  fronts  of  traveling  waves.  The 
condenser  flattens  out  i  se  the 

voltage  can  rise  at  as  fast 

as   the   cond  be   charged    and    the 

charging    current   which    is    taken    from    the 
traveling    wave    is    limited    by    the    natural 


in  series  with  the  condenser,  the  conditions 
are  changed  because  energy  is  dissipated  both 
at  the  wave  front,  while  the  condenser  is  stor- 
ing energy,  and  at  the  end  of  the  wave  when 
ored  energy  flows  back  into  the  lines. 
Fig.  10  shows  the  effect  of  a  condenser- 
resistance  upon  a  rectangular  traveling  wave, 
for  i?  =  Zi  =  300  ohms  and  with  the  same  con- 
denser and  circuits  as  in  Fig,  9.  The  v 
at  the  condenser-resistance  starts  at  about  half 
the  value  that  it  would  if  there  were  no  protec- 
tive device,  in  the  case  of  Z2  =  10Zi.  The  con- 
denser without  resistance  causes  the  voltage  to 
start  at  zero.  Thus  if  we  consider  that  the  con- 
denser reduces  the  starting  voltage  on  circuit  2 
by  100  per  cent,  then  with  the  resistance  R  =  Z\ 
the  starting  voltage  is  reduced  50  per  cent. 
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The  effect  upon  P2  of  using  other  values  of  R  is 
shown  in  Fig.  1 1 .  The  dotted  line  shows  the  crest 
voltages  for  a  long  wave  while  the  solid  lines 
show  the  starting  voltages  for  various  values 
of  R.  With  R  =  0.5Zi  the  starting  voltage  is 
reduced  about  75  per  cent.  This  means  that 
the  condenser-resistance  will  give  a  high  de- 
gree of  protection  to  a  transformer  against 
steep  wave  fronts  with  a  resistance  value 
which  has  been  shown  to  be  very  efficient  as 
an  absorber  of  the  energy  of  high  frequency 
oscillations  and  short  traveling  waves. 

The  particular  cases  investigated  above 
seem  sufficient  to  give  a  general  idea  of  the 
phenomena  involved. 

While  absorbers  have  been  shown  to  be 
effective  for  a  wide  range  in  the  value  of 
series  resistance,  the  lower  values  of  resist- 

7 

ance  such  as  R  =  -=■  are  best  from  the  stand- 
point of  protection  against  steep  wave  fronts. 
The  use  of  some  resistance  is  advisable  to 
prevent  the  condenser  itself  becoming  a 
source  of  trouble  as  in  the  case  of  an  arc  near 
the  condenser  where  the  charge  and  discharge 
of  the  condenser  would  not  be  limited  by  the 
natural  impedance  of  the  line. 

(To  he  continued) 
APPENDIX   I 

The  fundamental  equations  of  a  rectangular 
wave  passing  from  a  circuit  of  natural  imped- 
ance Zi,  past  a  condenser-resistance,  to  a  cir- 
aiit  of  natural  impedance  Z2  (see  Fig.  3)  are 


where 


h  =  h  +  Ic  +  L 

Pi  =  P1+Pr  =  Pc+RIc 
J,Pc 


Ic  =  C 


dt 


P2  =  hZ2 
Pr=lrZl 


(1) 

(2) 
(3) 


where 

Pi  and  Ii  are  respectively  the  voltage  and 
current  of  the  incident  wave. 

P«  and  U  the  voltage  and  current  of  the 
transmitted  wave. 

Pr  and  Ir  the  voltage  and  current  of  the 
reflected  wave. 

C   the  capacity  of  the  condenser. 

R  the  value  of  the  resistance  in  series 
with  the  condenser. 

I,  the  current  through  condenser  and  re- 
sistance. 

P,  the  voltage  across  the  condenser. 

7k  the  current  through  the  resistance  R. 
Ir  =  L 

Substituting  in  equation  (1)  and  re-arrang- 
ing, we  have 


dPc 

dt 


+  PcB  =  2Pi. 


(4) 


B  = 


1 


Kt&) 


Integrating  (4)  gives 

Substituting  in  equation  (2),  we  have 


F2  =  Pi 

Pr  =  P.   ' 


Z<i~Z\ 


1-CB 


ZXZ, 


Zi+Zf 

ZZ,Z2     CB( 


(5) 

(6) 

(7) 

(8) 

(9) 


[Zi  +  Z,         {Zy  +  Ztf 

The  equations  for  the  energies  are  (in  watt- 
seconds  or  joules)  for  the  incident  wave, 

\\\  =  PJyt  (10) 

For  the  transmitted  wave, 


II 


-j; 


PJ,  dt 


Therefore 
W»=Pi/i| 


'    AZrZ, 
(Zi+Zt) 


•{    L(Z1+Z2)^1 


27J7J 

H^-4(l-e-2B') 


(Zx+Z2 

For  the  reflected  wave 


(11) 


Therefore 

Wr  =  PJ 


mm- 


4Z1Z2KZi-Z1) 


9  7,l7«t 


(,z,+z,y 

2B')1    (12) 


(Z.+Z, 
The  energy  stored  in  the  condenser  is 


W,  =  ±CPC* 


Therefore 


97, 7„2 


-S')2        (13) 
The  energy  dissipated  in  the  resistance  is 


Therefore 

WR  =  P1IiRC-B 


WR=  CRL-di 


(l-e-2B>)     (14) 


(Zl+z2y-y 

If  the  wave  is  "long"  and  the  time  t  is 
taken  "late"  enough  to  have  the  phenomena 
at  the  fronts  of  the  waves  practically  com- 
pleted, that  is  to  say,  if,  at  the  time  t,  the 


;ral  electric  review 


Vol.  XXIV.  No.  :. 


tended 

i      ■  erj 

IV, 


.1/1  I/, 


2ZfZt 


Zi  +  Z 


m\2Z2-2Z1- 


ZiZ,2 


; 


(16) 


II 


(17) 
(18) 


Zi+Z, 
=M[Zt 
WR=M  [Zt+ZJRCB 

2Z£t% 

It  will  be  noted  that 

\\\-  ir,  \-wr+we+wR 

and  that  the  sum  of  the  terms  containii 

is  affed    the  phenomena  at  the 
wave  fronts)  is  zero.     If  no  condenser  were 
cted,  then  C  would  be  0  and  .1/  would 
ination  of  wave  fronts  would 
take  place.     For   the  generality  of  the  for- 
mulae, it  may  be  interesting  to  add    that,  if 
no  resistance  A'  were  used,  then  R  would  be  0 
would  have 

Zi+Zz 

C  Z\Zz 

At   "the  end  of   the  wave."  the  condenser 

discharges    into   lines  Z,    and    Z2   in   parallel 

through  the  resistance  A',  i.e.,  the  condenser 

Z  Zt 
dischai  ircuit  of  resistance  R  +      '    2  . 

Z\-\-Zi 

\V>  will  treal  the  simple  case  when  the 
wave  ends  after  the  condenser  has  practically 
received  the  full  charge  and  therefore  all 
voltage  and  >  urn  ril  ha  \  e  reached  their 
final  values. 

Dui  i  denser,  we 

will  then  have 


B  = 


Ic=- 


Pi  =  Pi 


2Zi 
Z,+Z, 


p>zrtz:  • 


(21) 


'2%C5« 


/\ 


Z,+Z2       '(Z^  +  Z,)- 


It  will  be  noted  that  the  difference  between 
P,  and  /'   oi  /'   is  A/, 


Pr  Pi 

,  and  !■■_ 

Ir  _  Z, 
h~Z, 


The  energy  stored  in  I  er  is 

Ws  =  M(Z1+Zi)  Sei 

The  part  of  this  energy  returned  to  li; 


">S„ 


P->I«  dt 


The  time  is  now  counted   from  the  vei 
d  oi  the  incoming  wave. 


—  -'ZSZ*3 

m=Plhjz^i, 


-i 


Idie  part   of   the  stored  energy  returned    to 

line  1  is 


*-£ 


PrLdt 


Therefore 


W'=P^W^) 


The   energy   dissipated   in    the   resistance   R 
during  the  discharge  is 


) 


Wr  =  R  (L-dt  =  PJi 


{Zi+z*y 


RC2B        (26) 


It  will  be  noted  that  the  same  amount  of 
energy  was  dissipated  by  A  at  the  front  of  a 
' '  long ' '  wave.     See  (14) . 

Collecting  again  .1/  as  before,  we  tabulate 
the  energies  at  the  tail  of  the  wave  as  follow-; 


Stored  in  the  condenser 
II",  =.U(Z1+Z,) 

Returned  to  line  2 

7  27 

ii -,  =m {;';■- ch 

Returned  to  line  1 

TT        >  r  z^} 


See  (171 


Wr    =M- 


CB 


Zi+Zz 

\o  orbed  by  A 

WR=MXZi+Z2)RCB 


(28 
(29) 


Photo-elasticity  for  Engineers 

PART  V.      THE  STRESS-STRAIN  PROPERTIES  OF  NITRO-CELLULOSE 
AND  THE  LAW  OF  ITS  OPTICAL  BEHAVIOR 

By  E.  G.  Coker,  D.Sc,  F.R.S. 

This  article  is  the  last  of  a  series  of  five  by  Dr.  E.  G.  Coker,  F.  U.S.,  on  the  photo-elastic   method  ol 
analysis.     It  is  devoted  entirely  to  a  study  of  nitro-cellulose, or  celluloid, to  find  out  whether  the  light 
retardation  is  produced  by  stress  or  by  strain,  and  whether  the  law  followed  is  linear  or  a  more  complicated 
one.     It  is  concluded  that  all'evidence  in  this  investigation  shows  that  the  retardation  is  directly  propor- 
tional to  stress  within  the  limits  of  error  of  the  experiment. — Editor. 


The  mechanical  and  optical  properties  of 
nitro-cellulose  have  not  so  far  been  examined 
in  very  great  detail,  and  this  installment 
describes  some  experimental  evidence  which 
has  been  recently  obtained  and  which  will  be 
extended  as  opportunity  occurs,  since  this 
has  an  important  bearing  on  the  study  of 
stress  problems  arising  in  engineering  practice. 

The  principal  matters  which  have  been 
examined  are  the  mechanical  properties  of 
nitro-cellulose  under  pure  tensile  and  bending 
stresses  and  the  laws  of  its  optical  behavior 
under  these  kinds  of  stress.  In  the  course 
of  the  experimental  study  a  considerable 
number  of  specimens  have  been  examined,  all 
of  which  were  manufactured  by  the  British 
Xylonite  Company. 

The  salient  features  of  the  material  are  its 
great  flexibility  and  toughness,  and  the  ease 
with  which  it  can  be  drilled,  turned  or  machined. 
By  suitable  adjustment  of  the  condition  of 
nitration  of  the  body,  the  hardness  of  the 
material  can  be  varied  through  a  considerable 
range,  but  owing  to  the  difficulties  created 
by  the  stress  of  war  conditions  it  has  not  1  >een 
possible  to  make  the  investigations  cover 
materials  possessing  a  great  range  of  hardness. 
In  fact  all  the  specimens  which  have  been 
examined  were  originally  selected  on  account 
of  their  transparency  and  freedom  from 
initial  stress.  The  sheets  from  which  the 
specimens  were  made  differed  greatly  in  age; 
one  had  been  in  stock  for  at  least  eight  years, 
and  most  of  the  others  had  been  stored  one 
or  more  years. 

In  order  to  examine  the  stress-strain  prop- 
erties of  this  material  it  is  unnecessary  to 
use  a  very  delicate  extensometer  as  the  value 
of  the  modulus  for  direct  stress  is  compara- 
tively small,  and  for  the  purposes  of  these 
experiments  a  very  simple  form  was  employed 
consisting  of  a  pair  of  clips  attached  respec- 
tively to  a  scale  and  a  pointer,  which  latter 
slides  over  the  scale  and  is  kept  in  contact 
with  it  by  suitable  attachments.  In  order 
to    examine    the    optical    properties    of    the 


material  while  under  stress,  both  scale  and 
pointer  were  perforated  to  give  a  window 
opening,  and  thereby  permit  a  beam  of 
polarized  light  to  be  transmitted  through  the 
specimen  under  examination.  With  this 
instrument  and  special  magnifying  devices 
it  was  possible  to  estimate  extensions  of 
0.0002  inch. 

A  preliminary  examination  of  the  problem 
as  set  out  may  be  described  with  reference 
to  s.  ime  experiments  on  a  specimen  which  was 
originally  used  in  1911  for  determining  the 
stresses  in  a  notched  tension  member. 

Two  bars,  each  1  inch  wide,  were  cut  at 
that  time  from  a  clear  plate  of  xylonite  -;'s 
inch  thick,  and  each  was  fashioned  with 
notches  of  different  sizes  along  the  edges. 
One  of  these  specimens  has  been  used  for  the 
present  test.  A  length  of  6  inches  was  used 
for  observations  of  the  longitudinal  strains, 
while  the  lateral  strains  required  for  deter- 


mining: Poisson's  ratio 


1 


-a,  were  measured 


by  aid  of  the  strain  measuring  apparatus 
already  described.  Unless  otherwise  stated 
these  latter  measurements  were  in  the  direc- 
tion of  the  thickness  of  the  material. 

Longitudinal  Extension. — The  specimen  was 
examined  in  the  polariscope  under  a  moderate 
load,  and  it  was  found  that  the  stress  was 
very  uniformly  distributed  over  a  length  of 
(j}4  inches,  but  the  remaining  part  of  the 
parallel  portion  showed  signs  of  unequal 
stress  distribution  owing  to  the  enlarged  ends. 
It  was  therefore  marked  off  approximately 
into  half-inch  lengths,  over  a  total  length  of 
(i  inches,  the  exact  distance  being  read  to 
1    101)1)  inches. 

Young's  Modulus. — As  it  is  convenient  to 
start  with  a  load  of  20  lbs.  on  the  specimen,  a 
preliminary  observation  is  made  to  determine 
the  corresponding  extension,  and  this  value 
was  allowed  for  in  subsequent  readings  for 
convenience  in  plotting  from  a  zero  strain 
value. 
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Young's  modulus  E,  as  possible,  onlymeasure- 

10  and  140-lb.  load  were  used, 

as  the  readings  between  these  points  were 

:    to    be    the    most    reliable.      The 

strain    corresponding    to    this    difference    of 

556  lbs.  per  sq.  in.  was  found  to  be 

||  00354  in.  giving  a  value  of  £  =  355,000. 

It  will  be  observed  that  the  elastic  limit  is 

ry  pronounced  and  that  the  curve  is 

nearly    straight    up    to     150-lb.    load    (1900 

lb.  in.- 1  which  latter  value  may  be  taken  as 

the  elastic  limit  of  the  material.     There  was 

rni-permanei  n.001  in.  for  each 

i  load,  and  a  pronounced  recovery 

en  successive  loadings,  especially  with 

a  short  period  of  rest. 


The  experiments   were   continued  until  a 
maximum  load  of  470  lbs.  was  reached  cor- 
6000  lbs.  per  sq.  in., 
but    as   the   ext>  i  1    very 

rapidly  it  was  not  possible  to  keep  the  load 
at    this   maximum   value;    moreover,  a 
stressing  frame  was  of  rather  limited  capacity 
for  large  strains.  .  arried 

to   fracture,    although    a   total    extensio 
L.211  in.  was  obtained.    The  obsc; 

be   permanent   extension   was 
very  unifoni  ion. 

The  condition  of  the  material  had  in  fact 
some  resemblance  to  that  of  a  mild 
which  has  been  over-strained  and  allow 
rest.  This  was  shown  by  a  subsequent  experi- 
ment in  which  the  loading  was  repeated  and 
the  stress-strain  properties  examined  anew. 
It  was  then  found  that  the  elastic  limit  of 
the  material  was  still  approximately  at  150- 
lb.  load,  corresponding  to  a  stress  of  1900 
lbs.  per  sq.  in.,  but  the  modulus  E  had  now 
risen  to  502,000,  measured  in  pound  and 
inch  units,  as  a  result  of  the  overstrain.  The 
relations  of  load  to  extension  for  both  con- 
ditions are  shown  in  Fig.  2,  but  as  the  scales 
of  load  and  extension  are  the  same  for  both 
experiments  the  curve  for  overstrained  ma- 
terial lies  below  that  for  unstrained  material. 
It  may  be  observed  that  the  material  possesses, 
in  a  marked  degree,  the  property  of  con- 
traction when  the  load  is  removed  even  when 
very  much  overstrained,  and  in  this  case  when 
the  load  of  300  lbs.  was  removed  the  semi- 
permanent extension  was  only  0.006  in.,  and 
half  of  this  disappeared  with  a  few  minutes 
rest. 

Observations  of  lateral  strain  were  also 
made  with  a  suitable  extensometer  at  several 
sections  of  the  test  bar,  and  their  mean  value 
for  100-lb.  load  showed  a  strain  of  0.0(1144. 

corresponding  to  a  value  of  m  =-  =  2.45  where 

a  is  Poisson's  ratio. 

The  value  of  E  is  high  as  later  experiments 
showed  and  this  may  possibly  be  due  to  an 
aging  effect,  as  in  process  of  time  the  material 
appears  to  undergo  some  change,  especially 
if  the  cut  surfaces  are  not  highly  polished. 
This  may  probably  be  ascribed  to  the  escape 
of  a  small  portion  of  the  volatile  constituent 
of  the  material.  It  is  also  worthy  of 
remark  that  the  usual  method  of  polishing 
appears  to  produce  a  thin  outer  layer  which 
is  harder  than  the  interior,  and  this  also  has 
the  effect  of  raising  the  value  of  E  in  thin 
specimens. 


PHOTO-ELASTICITY   FOR   ENGINEERS 


457 


The  effect  of  removing  this  thin  layer  of 
hard  material  has  been  under  observation  for 
some  time,  but  in  the  experiments  described 
here  the  flat  sides  were  untouched,  and  the 
cut  edges  were  unpolished  although  quite 
smooth. 

Optical  Properties.  There  is  considerable 
color  when  an  overstrained  specimen  is 
examined  under  no  load  in  the  polariscope. 
In  the  parallel  part  the  color  is  very  uniform, 
and  by  comparing  this  with  a  previously 
unstrained  specimen  under  load  it  appears 
that  the  permanent  color  indicates  a  complex 
state  of  stress,  since  it  could  not  be  completely 


Stress  Optical  Determination. — It  was  origi- 
nally intended  to  study  the  stress-optical 
properties  of  nilro-cellulose  by  analyzing  the 
light  which  traversed  the  material  by  means 
of  a  spectroscope ;  but  the  necessary  apparatus 
was  rather  difficult  to  procure  at  the  time, 
and  it  was  convenient  therefore  to  commence 
with  a  standard  nitro-ceilulose  beam  and  use 
this  for  comparison  with  the  optical  phe- 
nomena observed  in  tension.  The  methods 
adopted  here  proved  to  be  exceedingly  well 
adapted  for  measurement  of  stress  distribu- 
tion beyond  the  elastic  limit  and  are  likely 
to    be    of   considerable    use   hereafter.      The 
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neutralized  by  a  comparison  tension  piece  nor 
by  bending  the  strained  bar  itself. 

It  may  also  be  noted  that  nitro-cellulose 
with  good  optical  properties  is  not  easily 
procurable  above  ^4  in.  thick,  and  it  is 
difficult  therefore  to  conform  to  the  laws  of 
similarity  for  the  test  specimens  which  were 
used  in  this  investigation. 

In  later  experiments  the  stress-strain  prop- 
erties of  the  material  were  examined  both 
below  and  above  the  elastic  limit,  and  the 
values  of  Young's  modulus  and  Poisson's 
ratio  were  measured  for  a  number  of  speci- 
mens of  different  thickness  and  varying  age. 
Especial  attention  was  also  directed  to  the 
validity  of  the  stress-optical  law  of  this 
material  since  this  is  a  matter  of  fundamental 
importance  and  little  attention  had  been 
given  to  it. 


comparison  beam  used  was  of  rectangular 
section  and  was  subjected  to  pure  bending 
moment  of  known  amount,  and  the  stress  at 
any  point  could  therefore  be  calculated  from 
the  formula  without  appreciable  error. 

It  is  generally  assumed  that  the  relative 
retardation  of  the  polarized  rays  in  a  piece 
of  optical  material  under  moderate  stress  is 
proportional  to  the  difference  of  principal 
stresses  at  the  point,  but  this  may  not  be 
correct  and  cannot  be  assumed  to  hold  with- 
out experimental  proof.  Hence  the  stresses 
in  the  comparison  beam  were  restricted  to 
small  values,  so  that  the  limit  of  proportion- 
ality of  stress  to  strain  was  not  passed,  in 
order  to  give  an  opportunity  of  examining 
the  possibility  of  the  law  following  a  linear 
strain  function  or  possibly  some  more  com- 
plex variable.     In  order  to  make  the  retard- 
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The  general  arrange:  I 
apparatus  is  shown  in  Fig.  4,  in  which  a 
polarized  beam  of  whr  n  a  Nicol's 

prism  A  is  transmitted  through 
which  an  < 
ed,  and  is  then  focussed  by  a  lens 
a  horizontal  slit  in  order  that  the  li 
through  the  comparison  beams  shall  be  at  the 
•  lughout.      This    thin    pencil 
of  light  is  again  brought  to  parallelism  1 1 

und  beam  F  and 
analyzer  (,',  and  is  finally  focussed  on  a  ruled 

ded  with  an  e 
The  weight  of  the  extensii  >n  beams  and  ha 
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Fig.  2.      Beam  Comparator 


Fig.  4.      Diagram  of  Polariscope 


pure  bending  moment  at  the  central 
section.  The  material  of  the  beams  was 
almost  perfectly  elastic  up  to  and  probably 

d  1600  lb.  in.2,  but  they  were  actually 
1  to  more  than  1300  lb.  in.2  In 
some  cases  as  man)'  as  eight  beams  3^8  m- 
thick   were  used   in  this  way.   and  a 

of  light  was  then  necessary  to  enable  a 
comparison  to  be  made  with  the  tension 
member  un  ation.     A  carbon  was 

then  used  as  the  source  of  light,  but  when 
only  two  or  three  thicknesses  were  employed 
the  light  from  a  Nernst  lamp  was  sufficient. 
but  in  all  cases  the.  images  were  observed 
•  stead  of  being  projected  on 


caused  a  bending  moment  in  the  beams 
which  was  allowed  for  in  all  calculations  of 
stress.  In  order  to  compare  the  different 
specimens  one  with  another,  an  "equivalent 
stress"  in  each  specimen  was  calculated. 
that  is,  such  a  stress  as  would  produce  the 
same  relative  retardation  in  a  piece  of  nitro- 
cellulose of  the  same  material  as  the  standard 
beam,  but  of  the  thickness  of  the  specimen 
under  observation.  Thus  if  the  thickness  of 
specimen  is  /  and  the  stress  in  the  beam  at 
the- points  where  the  color  in  the  specimen  is 
neutralized  is  /„  and  the  corresponding  thick- 
ness is  t ,  we  have  the  equivalent  stress  in  the 
specimen  ',,/,,  /. 
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Now  if  .1/  is  the  bending  moment  in  the 
beam,  d  is  its  depth,  and  y  is  the  distance 
from  the  neutral  axis,  then 

My  _  liU/v 

to  thai  the  equivalent  stress 

/',,/,,       ll'.l/.r 
T~  "'      td3 

Although  as  previously  stated  the  law  of 
optical  retardation  is  generally  assumed  to 
follow  a  linear  law  of  stress  difference,  yet 
there  is  no  apparent  reason  why  it  should  not 
follow  some  other  law,  as  for  example  a  linear 
strain  law,  or  possibly  contain  terms  involving 
squares  of  stress  or  strain.  Some  attempt 
was  made  to  find  if  the  latter  assumptions 
had  any  foundation,  but  if  so  the  effects 
were  within  the  limit  of  experimental  error, 


the  possibility  of  finding  from  the  experi- 
mental evidence  whether  it  should  not  be 
expressed  in  terms  of  strain.  We  may,  there 
fore,  withoul  loss  of  generality,  take  as  an 
assumption  the  usual  relation  thai  relative 
retardation  R  =  C{P  —  Q)T  as  a  convenient 
expression  where  (P  —  Q)  is  the  difference  of 
principal  stress  =/',  T  is  the  thickness  of  the 
material  and  (    is  the  stress-optical  coefficient. 

Let  C0  be  the  stress-optical  coefficient  of 
the  standard  beam.  Then  R0  =  C0J0to  for  this 
beam. 

When  this  latter  is  used  to  neutralize  the 
retardation  R  in  the  specimen,  since  R  =  RQ 
we  hai  e 

( It  =  i 
But  t  =  l,,  here  and  therefore 

c/=cj.. 
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and  too  small  to  be  of  any  significance  with 
the  effect  produced  by  a  linear  relation. 

As  regards  the  question  whether  this 
relation  should  be  expressed  in  terms  of 
stress  or  strain,  it  may  be  pointed  out  that 
an  attempt  was  made  to  test  this  with 
materials  under  direct  stress,  and  that  the 
validity  of  the  law  for  combined  stresses  and 
strains  still  remains  for  consideration  (apart 
from  lateral  strains,  which  are  presumed  to 
have  no  effect  beyond  altering  the  length  of 
the  path  in  which  retardation  takes  place), 
but  as  in  this  case,  if  the  standard,  not  stressed 
beyond  the  elastic  limit,  is  compared  with 
another  in  which  this  condition  is  passed  the 
experiments  do  in  fact  provide  a  means  of 
discrimination,  since  in  the  standard,  stress 
and  strain  were  proportional,  but  were  not 
so,  in  general,  for  the  tension  member.  Hence 
if  the  form  of  the  law  of  optical  effect  is 
assumed  in  terms  of  stress  it  does  not  exclude 


Now  in  general  there  is  an  initial  retarda- 
tion which  is  independent  of  any  load.  Let 
this  correspond  to  stresses  F,  F0.  Then  the 
condition  Cf=Cf„  becomes 

'  C(f+F)  =  C„(f0+F0) 
or  differentiating, 

C-df=C0-df0 
therefore 

C   _  dfo  _  reciprocal  of  slope  of  the 
C0  ~  df  ~     stress/equivalent  stress, 
which    afforded    a    convenient    relation    for 
examining  the  experimental  data. 

Turning  now  to  the  further  experimental 
data  upon  the  stress-strain  properties  of 
nitro-cellulose  in  tension,  a  number  of  experi- 
ments were  made  upon  material  of  varying 
age  and  thickness,  and  these  are  plotted  in 
Fig.  5,  to  show  their  characteristic  properties 
under  loads  which  sometimes  exceeded  the 
elastic  limits  of  the  material  very  considerably. 
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i  i  men1  of 

Moreover  the  value  of  the  modulus 

under  these 

.  rlier  loading      h 

e   skin   effect    was   pro- 

ral  characteristics 

: Measurements  recorded 

in  tlii  thicker  man-rial  when 


Succeeding    experiments    on    still    thicker 

material  confirmed  these  results,  and  with  the 

tb    ■  -iii    i  late,  1  he  load  exten- 

agreed   in   their  linear  char; 

up  to  about  2000  lbs.  per  sq.  in.,  although  the 

differed  in  age  and  possibly  also 

They    had,    however,    the 

common  feature  of  possessing  excellent  optical 

properties   and   freedom   from    initial    stress. 

hickest  plate,  however,  was  exceptional, 

as  its  optical  properties  were  poor. 

Further  experimental  work  on  these  ma- 
terials was  almost  entirely  devoted  to  the 
examination  of  the  optical  law  of  retardation 
under  load,  and  for  convenience  all  the  data 
which  follows  are  expressed  as  a  stress  or  a 
strain,  the  units  being  pounds  and  inches,  in 


Extension   m  length  of  b' 
Fig.  6.      Load-extension  Diagram  tLow  Str 


due  allowance  was  made  for  the  diminished 
of  the  surface  layers.  The  capacity  of 
returning  to  its  original  shape  after  high 
loads  was  still  more  marked  in  the  next  series 
of  experiments  on  material  y%  in.  thick, 
Fij,'.  t>,  in  which  a  stress  of  nearly  5000  lbs. 
q  in.  was  reached  in  the  first  experiment 
(curve  1 )  with  nearly  complete  recovery,  and 
when  further  loads  with  maxima  varying  from 
4000  to  5000  lbs.  per  sq.  in.  were  applied 
-  8)  these  gave  almost  identical 
of  Young's  modulus  on  the  straight 
part  of  the  curve  until  the  ninth  loading, 
where  there  was  a  sudden  fall  to  £  =  261,000 
with  an  extension  of  0.1045  in.  corresponding 
to  the  initial  load  of  20  lbs.  After  this,  with 
the  considerable  initial  extension  of  0.4290 
in.,  there  was  a  great  rise  in  the  modulus. 
The  value  of  Poisson's  ratio  was  very  con- 
stant in  this  experiment. 


which  e  is  the  strain  under  direct  stress  /, 
and  the  equivalent  stress  f0  is  obtained  from 
the  comparator  beam.  A  typical  example  of 
these  values  is  given  in  Table  I,  for  material 
l4  in.  thick,  as  these  measurements  are 
referred  to  later  for  comparison  with  values  of 
stress  and  strain  obtained  from  spectrum 
observations. 

in  the  earlier  experiment  on  the  material 
ys  in.  thick,  a  fracture  was  obtained  near  the 
change  of  section  and  before  the  full  extension 
developed,  but  still  very  nearly  at  the  full  load. 
It  is  included  here  (Fig.  7),  for  although  the 
later  parts  of  the  stress-strain  curves  are  not 
entirely  satisfactory,  this  fact  does  not  affect 
the  problem  in  hand,  since  the  stress-strain 
curve  is  not  required  very  much  beyond  a 
pronounced  yield  in  the  material. 

As  a  purely  mechanical  problem,  however, 
there   is   a   considerable   amount   of   interest 
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attaching  to  the  accurate  measurement  of 
stress  and  strain  over  the  whole  of  the  plastic 
region,  and  it  may  be  worth  while  at  some 
future  time  to  examine  this  with  some  care, 
especially  if  optical  methods  are  applied  to 
Study  the  distribution  of  stress  in  purely 
plastic  materials. 

Fortunately  the  means   for  carrying   this 
out  are  at  hand  since  the  autographic  testing 
machine     of    my    university 
colleague  Prof.  Dalby,  F.R.S., 
enables  very  accurate  stress- 
strain  diagrams  to  be  obtained 
throughout    the  whole  range 
of  stress  to  fracture  under  the 
most  varied   conditions.      In 
this    apparatus    the    load    is       3 
measured  by  the  elastic   ex- 
tension  of  a  tension  member 
placed  in  series  with  the  speci-         ". 
men    under   test,    and    both       t,  jj 
stress  and  strain  are  recorded 
automatically    on    a    photi  >- 
graphic   plate  by  the  move- 
ment of  a  spot  of  light,  which 
latter  is  reflected  from  tilting 
mirrors   with    axes    at    right 
angles. 

The  stress-strain  curves 
obtained  for  thin  material 
showed  a  divergence  from  a 
linear  law  above  2000  lbs. 
per  sq.  in.  whether  plotted 
from  the  direct  load  or  the  optical  stress 
measurements,  but  if  the  direct  stress  is 
plotted  against  its  optical  equivalent  there  is 


a  definite  linear  law  extending  up  to  at  least 
4500  lbs.  per  sq.  in.,  and  with  only  a  small 
divergence  at  5000  lbs.  per  sq.  in.  The  results 
in  fact  showed  that  the  law  of  retardation  is 
linear  as  regards  stress,  not  only  up  to  the 
elastic  limit  but  actually  to  at  least  twice 
this  range,  where  it  is  quite  impossible  for 
the  strain  to  be  linear.  This  result  is  shown 
in  all  the  experiments  on  good  optical  ma- 


ooo  lb/in: (equiv  SCrtSS) 

f  Nitrocellulose 


terial.  Thus  in  plates  }  g  in.  thick  where  the 
elastic  limit  appears  to  be  about  2250  lbs.  per 
sq.  in.,   Fig.  8,   the  corresponding  value  for 


NITROCELLULOSE,  VALUES  OF 

SHEET  '4-INCH  THICK 

STRAIN  e.   STRESS /AND 

EQUIVALENT  STRESS  fl 

e 

/ 

/. 

'■ 

0 

0 

73 

0.0123 

3345 

3440 

0.0003 

160 

220 

0.0135 

3505 

3560 

0.0007 

319 

322 

0.0142 

3665 

3900 

0.0013 

478 

440 

0.0153 

3825 

4140 

0.0020 

637 

660 

0.0172 

3980 

4500 

0.0027 

797 

880 

0.0187 

4140 

4770 

0.0033 

956 

1025 

II.H2I  IS 

4300 

5100 

0.0037 

1115 

1173 

0.0212 

4460 

0.0043 

1274 

1320 

0.0237 

4620 

0.0050 

1433 

1495 

0.0287 

4780 

0.0055 

1594 

1642 

0.0320 

4940 

0.0058 

1752 

1760 

0.0370 

5100 

0.0063 

1912 

1910 

0.0553 

5260 

0.0070 

2070 

2050 

0.120 

5420 

0.0077 

2230 

2200 

0.157 

5580 

0.0082 

2390 

2350 

0.183 

5740 

0.0087 

2550 

2540 

0.247 

5900 

0.0095 

2710 

2310 

0.280 

6055 

0.0102 

2865 

2860 

0.340 

6215 

0.0108 

3025 

3080 

0.357 

6375 

0.0117 

3185 

3230 
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m  linearity  until 

a 
lim  .11    a1    aboul 

were  obtained  on 
thick,  bn  i  xperiments, 

e  had  a  rather 
than  the  corresponding 


i    ponding    limits   of   2000   lbs.  per 
sq.  in. 

When  these  curves  were  corrected  for  the 

cro     section  which  i  iccurred  as  the 

i  ded  it  was  found,  as  Fig.  1  1  shows. 

the  stress-strain  curve  was  perceptibly 

raised  beyond  the  elastic  limit  and  therefore 

tended    more    towards    linearity,    and    the 
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but  here  again  the  ratio  f  j,  was  still  linear  to 

the  same  range  as  in  previous  cases. 

The  case  of  plates  ',  in.  thick.  Fig.   10,  is 

more  especially  interesting  from  the  fact  that 

tress-strain  curve  there  shown  was,  at  a 

later  stage,  obtained  entirely  from  the  optical 

erved    from    the    analysis    of    the 

rum  of  a  beam  under  uniform  bending 

at.     It   is  sufficient  to  remark  here  that 

■    curve  shows  a  somewhat  lower  limit 

of  linearity,  although  both  the  other  curves 


equivalent  stress  strain  curve  was  lowered 
and  diverged  still  more  from  the  linear  rela- 
tion. The  stress  equivalent-stress  curve  has 
therefore  a  somewhat  higher  linear  limit 
when  this  correction  is  made.  Owing  to  the 
defective  optical  properties  of  still  thicker 
material  it  was  not  found  possible  to  examine 
these  relations  in  a  3s-in.  plate  in  a  satis- 
factory manner. 

Fracture . — The  behavior  of  nitro-cellulose 
at  fracture  is  somewhat  unusual  for  so  ductile 
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a  material.  As  the  load  increases  the  section 
diminishes  very  uniformly  at  all  parts  re- 
moved from  the  enlarged  ends,  but  there  is 
little  or  no  local  contraction  at  any  stage, 
and  even  at  the  fractured  section  the  cross- 
section  differs  but  little  from  that  at  any 
other  part  of  the  bar;  but  after  fracture  there 
is  a  remarkable  contraction  in  the  total  length 
accompanied  by  uniform  expansion  of  the 
cross-section.      This    is   shown   in   Table    II, 


law  fin-  simple  stress  well  beyond  the  elastic 
limit  of  the  material,  but  the  importance  of 
this  fundamental  law  made  it  desirable  to 
examine  the  matter  in  an  independent  way 
and  possibly  by  a  more  rigid  test  than  a  com- 
parison beam  afforded.  An  investigation  of 
the  optical  phenomena  presented  by  a  beam 
under  pure  bending  moment  was  therefore 
made  on  a  rectangular  strip  22 x/i  i*1-  long. 
I. (HI.")    m.    deep,    and    0.2542    in.    thick.       Its 
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TABLE  II 
PROPERTIES   OF    NITROCELLULOSE   IN    TENSION,    TEST   LENGTH   6   INCHES 


Specimen 

A"  (No.  1) 

A"  (No.  2) 

H" 

A" 

ft" 

\e 

W 

Width      . 
Thicknt's 
Area  (in.- 

0.5086 
0.0505 
0.0257 

0.5090 
0.0506 
0.0258 

0.5050 
0.1213 

0.0613 

0.4992 
0.1517 

0.07575 

0.4978 

0.1863 

(1,(1(128 

0.4972 

0.2533 
0.1258 

0.4992 

0.4045 
0.202 

Modulus 

lb. 

355,000 

295,000 

324,000 

313,000 

309,000 

251,000 

Rain, 

2.7 
0.97 

2.5 
1.00 

2.6 

1.00 

2.3 
0.95 

2.4 

C    . 
-=r   ( optic- 

il) 

0.82 

0.84 

1.20 

Maximum  extension  be 
Ultimate  extension  aft 
Recovery  in  length  (in 

fore  fracture  (in.  I . 
;r  fracture  (in.) .... 
) 

0.28 

0 

0.28 

1 .66 
1.23 
0.43 

1..53 
1.07 
0.46 

2.14 
1.67 
0.47 

1.94 

1.54 
0.40 

2.14 
1.72 
0.42 

2.26 
1.74 

0.52 

which  gives  a  summary  of  the  observations 
made,  and  except  for  one  of  the  thin  speci- 
mens and  for  the  reasons  given  earlier  there 
is  shown  a  recovery  in  length  of  from  (i  to  9 
per  cent  after  fracture.  Various  other  measure- 
ments already  described  above  are  recorded 
here  for  convenient  reference  and  also  some 
ratios  of  the  optical  constants. 

Spectrum  Analysis  of  the  Stress  in  a  Beam. — 
The  results  of  the  optical  examination  ap- 
peared to  show  the  truth  of  the  optical  stress 


specific  gravity  was  approximately  1.361, 
being  determined  at  a  temperature  of  64  deg. 
Fahr.  by  measurement  of  its  volume  and 
weighing  in  air. 

The  beam  was  supported  as  before  on 
knife  edges  2  in.  apart,  and  the  loading  was 
applied  at  each  end  by  dead  weights  having 
an  overhang  of  934  in. 

The  optical  arrangements  were  also  modi- 
fied for  the  new  conditions  as  shown  in  Fig. 
1  1 .     Light  from  the  filament  .4  of  a  Nernst 
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Fig.  12.      View  of  Spectr 


from  the  beam  transmitted  this  light  as  a 
parallel  beam  to  a  reflecting  prism  /*'.  from 
which  ii  passed  through  prisms  G,  H.  The 
spectrum  se  obtained  was  focussed  on  a  glass 
i  /.  ruled  with  lines  1  Kill  in.  apart,  and 
provided  with  a  micrometer  e 
measuring   the   ordinates   of   the   hand 

Tlic  field  "f  view  therefore  consisted  of 
the  spectrum  of  a  Xemst  lamp  filamei 
which  was  added  the  effect  produced  by  a 
narrow  section  of  a  beam  of  rectangular 
cross-section  under  pure  bending  moment. 
The  relative  retardation,  owing  to  this  latter 
effect,  produced  black  hands  in  the 
field  having 
ing  on  the  optical  law  tardation  of 

The  general  disposition  of  tin-  field  of  view 
1  12,   in  which   hands  of  the 


ar  on  each  side  of 
the   neutral  axis  beam,   and   their 

were  measured  by  referem 
raduations  on  the  glass  scale  with  the 
aid  of  a  pair  of  parallel  wires  />.  the  positions 
of  which  could  he  adjusted  vertically  hy  a 
micrometer  head  /:'  reading  to  I  6000  in., 
while  complete  turns  of  the  screw  wen 

1  from  a  scale  /•'  on  the  left,  which  also 
appeared  in  the  field  of  view.     In  ord 
calibrate    the    horizontal    scale    the    Nernst 
lamp  and  nitro-cellulose  beam  wire  ren 

hoi's  rotated  to  parallelism, and  a  beam 

of  solar  light  focussed   on  to  the  slit.      The 

lines  of  known  wave-length  were 

noted  with  reference  in  the  horizontal  scale, 

and  from  these  observa  i  onstants  in 

nation 

were   found   for  calibrating   the   positions  of 
the  black  bands. 

In  the  observations  it  is  found  that  the 
depth  of  the  beam  did  not  appear  quit' 
stant  throughout  the  field,  an  error  due  to 
the  combined  imperfections  of  the  lenses  and 
prisms  employed.  The  maximum  chan 
depth  was  about  2  per  cent  and  a  correction 
was  therefore  necessary  to  reduce  all  vertical 
distances  to  a  constant  depth  of  beam. 

Owing  to  the  presence  of  a  small  amount 
of  initial  retardation  in  plates  of  nitro- 
cellulose, due  to  the  method  of  manufacture, 
which  leaves  traces  of  initial  stress,  there  was 
generally  some  slight  difference  between  the 
bands  on  each  side  of  the  neutral  axis,  and  a 


Axis    of    beam 


\II   ^AF     Eire 


Order  of  dark   band 
Fig.  13 

more  accurate  value  is  probable  if  the  mean 
value  for  the  two  sides  are  taken,  as  was  done 
here. 

If  relative  retardation  is  a  linear  function 
of  the  stress  difference,  these  new  abscissae 
should  represent  the  mean  stress,  but  if  the 


PHOTO-ELASTICITY  FOR  ENGINEERS 


465 


strain   varies   linearly   they  should  also   rep- 
resent strains  to  another  scale. 

If  then  the  mean  distances  of  the  bands  are 
plotted  as  ordinates  against  the  order  of  the 
band  as  abscissae,  Fig.  13,  a  convenient  form 
of  diagram  OCF  is  obtained  in  rectangular 
co-ordinates  A",  Y,  in  which  Y  is  the  distance 
from  the  neutral  axis  to  a  scale  a.  and  f  is 
the  stress  t<>  a  scale  jj,  or 

y=Ya    f=X& 
Now  the  1  lending  moment 

M=  fWydy 

for  a  breadth  =  b  and  a  depth  =</.  or 

M  =  ba-il  CxYdY 

=  2ci1pb  times  the  first  moment  of  the  area  of 
the  diagram  about  the  neutral  axis. 


If  now  any  poinl   ('  on  the  curve  is  pro- 
jected on  to  the  edge  line  a1    !>  and  line  OD 


Fig.  14 
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is  drawn  to  the  origin  of  co- 
ordinates intersecting  the  hori- 
zontal  through  C  at  E,  then 


.  d 


BE:Y::AD:AO  =  X 


XY  =  BEx'{ 
Hence,  1  A  \  d\  represents  the 

J    -1;,,/ 

area  OEFAOXd.  A  typical 
example  of  one  of  these  diagrams 
is  shown  in  the  curves  of 
Fig.  14,  of  which  about  40  were 
actually  prepared.  The  first 
moment  areas  M',  as  determined 
by  ]  ilanimeter  measurements, 
wire  divided  by  the  bending 
moment  to  obtain  a  value  of 
a-  fib.  If,  however,  the  relative 
retardation  is  assumed  to  be 
independent  of  the  wave-length, 

the  mean  value  of  -jr-  affords 

values  of  /3  corresponding  to  dif- 


TABLE   III 


Strains 

Stresses  m  His.  per  sq.  in. 

Strains 

Stresses  in  il>s.  per  sq.  m 

Strains 0.018 

Stresses  in  lbs.  per  sq.  in 


0.001 

0.002 

0.003 

310 

620 

020 

0.008 

0.009 

O.oio 

2400 

2665 

2890 

0.018 

0.0192 

4310 

4455 

0.004  0.005  0.006  0.007 

1240  1540  1845  2135 

0.011  0.012  0.013  0.014 

3055  3285  3460  3680 
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then 
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The  near  the  neutral  axis  were 

ired  fmm  the  diagrams  similar  to  those 
of  Fig.  14,  and  their  mean  values  afforded 
measures  of  the  strains. 

The  data  obtained  by  this  method  were 
therefore    sufficiei  i  trud    a    stress- 

strain  curve  entirely  from  measurements  of 
nds  due  to  retardation  in  the  spectrum, 
and  if  the  assumptions  are  correct,  it  ought 
ree  with  a  similar  diagram  i  i 


from    data  lependi  The 

irain  diagram  obtained  fr<  m  spectrum 
i  .  in  fad .  the  valw 
and  strain  shown  in  Table  II.  bul  this  infor- 
■:  has  already  been  obtained  by  ob 

ely    similar    material    under 
direi  I  I  and   Fig.  9,  and 

i  m  comparing  pli 
obtained,   Fig.    15,  the  agreement  is  si  • 

remarkably  clo  i   one  up  to  about  3500 
lbs.  per  scp  in.     This  a 

if  the  changes  in  thickness  are  allowed  for, 
since    the    corrected    curves    then    lie 

rand      n  ngthen  the  evidence  in  favor 

ical  retardation  being  an  effect 

of  stress  and  no1   of  strain,  and  also  that  it  is 

still  a  linear  function  much  beyond  the  elastic 

limit  of  the  material. 

The  whole  of  the  evidence,  in  fact,  appears 
to  show  that  the  transparent  nitro-cellulose 
examined  obeys  a  linear  stress  optical  law 
which  holds  up  to  approximately  twice  the 
range  of  the  elastic  limit  of  stress;  and  that 
within  this  range  optical  determinations  of 
distribution  may  be  relied  upon. 
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THE  GROWTH  OF  THE  INDUSTRIAL  POWER  LOAD 


The  central  station  industry  was  born  of 
the  attempt  to  furnish  electricity  over  a  small 
but  scattered  area  for  the  lighting  of  streets 
and  buildings  with  the  carbon  open  arc  and 
the  carbon  incandescent  lamp.  In  the  earlier 
vears,  with  the  cumbersome  generating  equip- 
ment then  available,  this  load  was  regarded 
as  considerable;  in  fact,  the  demand  for  elec- 
tric lighting  must  have  consistently  exceeded 
the  capacity  to  judge  from  the  increase  in  size 
and  number  of  stations  that  marked  a  single 
year's  progress. 

The  principal  objection  to  this  business 
was  the  fact  that  it  was  all  peak  load,  coming 
on  in  the  evening  and  lasting  for  only  a  few 
hours.  Most  or  all  of  the  equipment  lay  idle 
during  the  day.  and  consequently  the  load 
factor  over  a  24-hour  period  was  extremely 
low.  This  condition  induced  the  lighting 
companies  to  look  afield  for  other  business 
which  would  keep  their  plants  operating 
during  the  daytime.  The  manufacturing 
industries  offered  the  greatest  possibilities, 
where  electric  energy  could  provide  motive 
power  to  replace  the  isolated  steam  engine 
installations  that  were  then  a  part  of  every 
manufacturing  establishment.  We  can  read- 
ily imagine  the  persistence  that  was  necessary 
in  many  cases  to  induce  an  owner  of  a  steam 
operated  mill  to  surplant  his  steam  equip- 
ment with  the  electric  motor;  but  when  once 
the  change  was  effected  the  advantages  of 
the  motor  transcended  all  prejudice,  and 
today  the  industrial  motor  load  provides  the 
principal  revenue  of  the  central  station.  The 
betterment  of  the  load  factor  is  pronounced, 
the  station  load  curve  coming  up  in  the 
morning  and  continuing  through  the  evening, 
except  for  a  sharp  dip  at  noon  in  most  cases. 

A  survey  of  the  industrial  motor  load 
served  by  central  stations  in  this  country  as 
made  by  the  Electrical  World  during  the 
past  six  years  gives  some  interesting  facts. 
The  last  year  for  which  figures  are  available 
is  1919,  but  the  curves  have  been  projected 
ahead  to  January  1,  1925. 

The  number  of  stationary  motors  served  on 
January  1,  1915,  was  roughly  575,000;  on 
January  1,  1920,  the  number  had  doubled. 
The  estimated  number  of  motors  in  service 
January  1,  1925,  is  approximately  double  the 
number  on  January  1,  1920 — practically  a 
uniform   rate   of  increase   over  the   ten-year 


period.  The  connected  motor  load  for  these 
years  is  about  in  proportion  to  the  number  of 
motors,  being  roughly  6,100,000  h.p.  on 
January  1,  1915,  12,900,000  h.p.  on  January 
1,  1920,  and  having  an  estimated  value  of 
20,800,000  for  January  1,  1925. 

The  figures  for  kilowatt-hours  sold  are 
specially  significant,  for  they  show  that  the 
central  station  load,  which  was  originally 
100  per  cent  lighting,  was  34.5  per  cent  light- 
ing in  1915  and  only  2S.4  per  cent  lighting  in 
1919.  The  energy  sold  to  power  customers 
(all  classes)  in  these  years  was  respectively 
51.1  per  cent  and  57.2  per  cent.  These  per- 
centages include  the  energy  delivered  to  street 
railways,  which  amounts  to  13^  Per  cent  °f 
the  total  energy  sold.  Distribution  losses  are 
estimated  to  be  14.4  per  cent. 

Thus  we  see  that  the  industries  provide  the 
dominant  load  of  the  central  station,  mostly 
in  the  form  of  motors  but  also  to  a  consider- 
able extent  through  the  use  of  electric  fur- 
naces, industrial  heating,  and  electrochemical 
processes.  The  nature  of  these  several  loads 
is  as  varied  as  the  industries  themselves,  and 
in  order  to  render  satisfactory  service  to  all 
comers,  and  at  the  same  "time  to  avoid  ■ 
undesirable  load  conditions  which  would 
interfere  with  service  to  other  customers, 
central  station  engineers  have  found  it 
necessary  to  make  intensive  study  of  indus- 
trial load  characteristics.  It  is  essentially 
the  duty  of  the  power  salesman  to  know 
the  possibilities  for  the  extension  of  electric 
service  to  all  classes  of  industry  within  his 
territory  and  to  familiarize  himself  with  their 
load  cycles  in  order  to  be  able  to  negotiate 
power  contracts  which  at  once  will  be  attrac- 
tive to  his  customer  and  profitable  to  his 
company. 

The  "articles  on  industrial  power  loads 
in  this  issue  of  the  General  Electric 
Review,  which  will  be  distributed  coincident 
with  the  Chicago  Convention  of  the  National 
Electric  Light  Association,  have  been  prepared 
at  the  request  of  the  editors  by  a  corps  of 
experts  for  the  express  purpose  of  assisting 
central  station  men  to  a  better  understanding 
of  some  of  the  principal  problems  involved 
in  supplying  service  to  their  major  customers, 
the  industries,  and  to  stimulate  more  active 
interest  in  the  possibilities  of  the  industrial 
power  load.  B.  M.  E. 
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THREE  YEARS  OPERATION  AT  WINDSOR 


iperation  of 

an  unusually 

iic  by  Mr. 
arland  of  the  Beech  Bo1 

i  I  and 
shippi  i  mission    li 

ervices 

rain  crews  .  e  hundred 

11  hundred  coal  cars.    Thus  a  definite 

:  experience  i  !  established  for  discussing 

super]  :  stations. 

The     turb  tors     arc     30,000-kw., 

1800-r  p.m.  unil  lard  single  flow 

Curt:  lied  b}   the  General  Electric 

tny.    The  o  ecord  al   Wind  lor 

and  elsewhere  has  established  the  fundamen- 

the   design   and    the 
reliability,  or  stamina,  to  use  Mr.  McFarland's 
expression,  inherenl  in  these  large  turbines. 

Mr  McFarland  has  summarized  the  records 
of  operation  in  a  table  of  "operation  factors. " 
These  factors  are  in  accordance  with  defini- 
tions suggested  by  the  Prime  Movers  Com- 
oi  the  \  E  I.  A 
The  "station  generating  factor"  is  a 
measure  of  the  productive  activity  of  the 
money  invested  in  the  enterprise.  A  high 
generating  factor  means  a  proportionately 
lower  overhead  charge.  In  central  station 
practice  a  load  factor  around  fifty  per  cent  is 
regarded  as  good.  The  "generating  factor" 
in  pari  depends  upon  and  must  be  lower  than 
the  load  factor  so  that  station  generating 
factors  of  from  sixty  to  sixty-six  per  cent  for 
yearly  operation  must  be  regarded  as  estab- 
lishing a  new  record  for  continuous  driving 
of  apparatus. 

In    considering    the    availability    factor   a 

clear  distinction  must  be  made  in  the  use  of 

the  wi  ive.      In   order  to  insure  as 

nearly  as  possible  continuous  operation  it  is 

necessarj    to  do  a  certain  amount  of  repair 

nance  work.      That  is,   operative 

apparatus   must    he   periodically   shut   down 

and  inspected  in  order  to  make  sure  that  it 

will   co  be   in    operative   condition. 

Auxiliary    apparatus    must    be    overhauled, 

repacked,  cleaned  or  replaced, 

d    inspected,    turbines 

ted,    and    if    necessary    adjusted,    etc. 

While  the  unit,  consisting  of  all  of  the  above 

ratus,  is  shut  down  to,-  such  repair  work 

to  any  of  its  elements,  as  a  whole  it  has  been 

inoperative,  although  up 


instant    of  shutdown    the  unit   was   op.  • 
and  were  it  desirable  could  have  been  kept 
in  operation. 

In  reference  to  certain  industrial  plan1 
rient  will  he  made:  "Our  availability 
factor  is  inn  per  cent.  We  run  continuously 
day  and  night  six  days  a  week.  <  )f  course,  we 
-  work  and  make  minor 
adjustments  on  Sunday,  hut  the  units  could 
be  run  if  we  needed  the  load  and  they  are 
available  for  service  all  of  the  time."  Ob- 
■  ion  !  this  would  not  be  considered  an 
availability  factor  of  inn  per  cent  in  the  mean- 
ing of  the  term  employed  by  Mr.  McFarland. 
Maintenance  work  should  be  done  at  the  most 
convenienl  time,  all  things  considered,  and 
lor  Windsor  at  least  Sunday  is  not  different 
from  Tuesday  or  any  other  day. 

In  a  station  with  a  load  demand  justifying 
the  installation  of  four  units  the  installation 
of  a  fifth  unit  might  permit  four  units  to  be 
kept  in  continuous  service,  with  one  unit 
available  for  repair  and  maintenance  work. 
This  might  be  an  ideal  arrangement  aside  from 
tirst  cost  and  would  permit  four  units  being 
kept  in  a  highly  tuned  up  condition  all  of  the 
time.  However,  the  station  availability  fac- 
tor on  this  basis  would  be  eighty  per  cent  and 
the  station  generating  factor  would  be  low. 

With    these   points    in    mind    the    av< 
station  availability  factors  obtained  at  Wind- 
sor are  highly  creditable. 

The  station  load  factor  is  virtually  the 
ratio  of  the  average  load  to  the  peak  load  and 
a  high  load  factor  does  not  necessarily  mean 
good  station  performance.  Units  might 
operate  steadily  at  fractional  loads  with  a  good 
load  factor,  but  when  the  peak  loads  approx- 
imate the  maximum  capacity  of  the  station 
a  good  load  factor  plus  a  good  availability 
factor  results  in  a  good  station  generating 
factor,  as  at  Windsor. 

During  the  period  covered  by  the  table 
given  in  Mr.  McFarland's  paper  three  new- 
units  were  installed  and  placed  in  service  and 
the  units  were  regarded  as  in  commercial 
service  from  the  time  they  were  first  placed 
on  the  line.  It  is  well  known  that  each  piece 
of  apparatus  comprising  a  unit  will  require  a 
in  amount  of  adjustment  and  tuning  up 
in  order  to  put  it  in  first-class  operating  con- 
dition. With  these  facts  in  mind  the  records 
given  in  the  article  are  remarkable  and  fur- 
nish a  basis  for  interesting  comparisons. 

E.  E.  Gilbert 
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Industrial  Power  Loads 

By  D.  B.  Rushmore,  Engineer,  and  R.  F.  Emerson 
Power  and  Mining  Engineering  Department,  General  Electric  Company 


HP  HE  means  of  fur- 
-*-  nishing  mechani- 
cal power  to  our  indus- 
tries is  derived  from 
three  chief  sources, 
namely,  coal,  water 
power  and  petroleum. 
The  circulardiagrams, 
Fig.  l.will  give  an  idea 
of  the  quantity  of  each 
source  of  power  in  the 
U.S.A.  and  theamount 
which  has  been  used 
up,  or  developed, 
within  recent  years. 
The  time  to  elapse  before  the  total  consump- 
tion of  our  coal  supply  has  been  variously 
estimated  at  from  several  hundred  years  up  to 
several  thousand  years.  A  sector  represent- 
ing this  country's  requirements  for  one  year 
(roughly  estimated  at  (iOO.OOO.OOO  tons)  would 
hardly  show  on  the  diagram  la. 


B.  Rushmor> 


Fig.  lb  shows  that 
a  considerable  por- 
tion of  our  reserve  of 
petroleum  has  been 
utilized;  also  that  one 
year's  requirements 
plus  the  steadily  in- 
creasing demand  will 
cause  this  supply  of 
fuel  to  be  exhausted 
in  a  relatively  short 
time. 

Fig.     lc    shows    a  ' 
source  of  power  which  R  F  Emerson 

is   inexhaustible,  but 

the  estimated  total  of  59,360,000  horse  power 
including  storage  will  never  be  sufficient  for 
supplying  power  to  our  industries  and  for 
other  purposes.  This  becomes  more  apparent 
when  we  consider  the  increasing  demand  for 
power  as  shown  by  the  primary  horse-power 
curve  in  Fig.  6.       Furthermore  the  bulk  of 


4,608.572,000 
Bbl. Consumed 


Petroleum 


9,823.000  H.R w    r 

Developed  *-» 

Water  Power 


Fig.  1.      The  Three  Chief  Sou 
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Relative  Magnitude  of  the  Three  Sources  of  Power 
Distribution  of  Yearly  Coal  Production 
Distribution  of  Central  Station  Power 
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Fig.  3.      Daily  Load  Curve  of  Central  Station  in  Large  City 

annual  meeting  of  the  A.S.M.E.,  shows  that 
a  year's  requirements  of  the  United  States 
for  coal,  petroleum  and  water  power  bear  the 
relative  importance  to  each  other  shown  in 

It  is  seen  that  coal  is  In-  far  the  most  impor- 
tant of  these  three  sources  of  power  at  the 
present  time.  Fr<  m  the  data  contained  in 
the   article   by    Prof.    R.   H.    Fernald  in   the 

ral  Electric  Review  for  August.  1918, 
we  can  show  that  coal  is  used  for  various  pur- 

in  the  proportions  indicated  in  Fig.  2b. 
It  is  shown  that  the  industries,  including  the 
manufacture  of  coke  here  appearing  as  a  sepa- 
rate  sector,  are  by  far  the  largest  consumers  of 
coal. 

It  is  interesting  to  note  also  that,  from  the 
standpoint  of  the  central  station,  the  indus- 
trial load  is  the  most  important  to  the  central 

n  for  several  reasons.  The  January  1, 
1921,  issue  of  the  Elet  tn  .  rives  an  ac- 

count of  a  comprehensive  nation-wide  survey 
of  industrial  loads  carried  by  central  stations, 
which  shows  that  28.4  per  cent  was  sold  to 
lighting  customers,  57.2  per  cent  to  power 
customers  including  electric  railways,  and 
14.4  per  cent  was  allowed  for  line  and  distri- 
bution losses.  Later  data  secured  but  not 
appearing  in  this  article  show  that  approxi- 


mately l.;1  this  total  load  mi 

charged  to  the  electric  railways.     This  rela- 
tionship is  shown  in  Fig 

■<■  from  the  magnitude  of  this  industrial 
load  furnisl  central  station,   it  is 

ting  to  stud  pical  1<  ad  curves 

tral    stations   where   the   total    load   is 
segregated  into  its  component  parts  for  light- 
ing,  railways  and  industrial   power.      1 
and   5  are  typical   load   diagram-    from    two 
central  stations,  located  in  two  of  our  larger 
In  these  curves  no  one  type  of  load 
inati    ,  but  the  aid  of  the  industrial  load 
in  raising  the  load  factor  is  clearly  apparent. 
A  totally  different  division  of  load  is  shown 
in    Fig.    4.      This   was   taken   from    a   central 
i  in  a  manufacturing  city  of  moderate 
size,    where    the    industrial    load   was   almost 
ni  textile  mills.     Here  the  indus- 
trial load  predominates  as  shown  by  Curve  A. 
Curve  B  shows  power  transmitted  at  22,000 

a  large  area;  Curve  C  is  distril 
at  2200  volts  and  constitutes  the  local  light- 
ing and  small  power  load;  and  Curve  D  repre- 
sents station  service  and  series  arcs.  The 
maximum  railway  load  in  this  case  is  about 
500  or  600  kw.  and  being  so  small  can  not  be 
shown  advantageously  on  this  diagram. 

It  is  not  practicable  in  the  space  allowed 
here  to  include  load  curves  of  many  different 
kinds  of  industrial  plants,  but  a  few  ha  . 
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Fig.  4.      Daily  Load  Curve  in  City  Where 
Industrial  Load  Predominates 

selected  to  show  some  of  the  general  charac- 
teristics.    (Fig.  7a  to  7g.) 

In  considering  the  methods  of  manufac- 
ture, we  know  that  the  products  of  many  of 
the  industries  are  produced  mainly  by  the 
direct   application    of   mechanical    power   to 
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pplica- 
ransform  thi 

Such  in- 

uire  the  burning  of  coal  at  their 

their  own 

.  using  the  exhaust  in 

d   and 
stalled  by  some  of  our 
dustries,  as  shown  in  1 
The  dark  columns  show  the  relative  amounts 
quired   by  various   industries,   ar- 
:  right  to  le  Teas- 

ing im]  h  dark  column  is  a 

blank  column  representing  the  pri 
power  installed.     By  primary  horse  power  is 
mean:  of  engines  and  waterwheels 

mufacturing 


t.  A  continuously  increasing  necessity  for 

larger  supply  of  energy. 
.">.   The  demands  for  constant  improvement 
in  met  In  ids. 

6.  A  reduction  in  costs  and  an  increase  in 

the  scale  of  living. 

7.  A   greatly   increased   emphasis    for    the 

necessity  of   research,    invention 
discovery. 

8.  A  better  and  more  general  understand- 

ing of   the  fundamental   principli 
economics. 

As  our  sti  living  go  higher  our 

requirements  multiply.    Tc  i  satisfy  these  newly 

found  wants  the  industries  exist  and  must 
continue  to  increase.  While  the  population 
of  this  country  has  increased  270  per  cent 
since  1870,  the  number  of  wage  earners  in  the 
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Fig.  8.      Relative  Amounts  of  Coal  and  Power  Used  by  Some  of  the  Principal  Industries     1914  Censusi 


plants  then  the  power  purchased 

or  rented  fr^m  central  stations  in  the  form  of 
electric  current.  This  purchasi 
power  is  shown  by  the  shaded  portion  of  each 
blank  column.  If  any  prime  movers  operated 
by  the  manufacturer  generate  current  for 
their  own  motors,  the  horse  power  of  the 
is  omitted  as  it  would  mean  a  duplica- 
tion. 

The  futun  ties  apparently  wi 

governed  by  the  following  factors: 

1.  An   apparently  unlimited   expansion  of 

human  wants. 

2.  An  apparently  unlimited  increase  of  the 

number  of   human   beings   possessing 
these  wants. 

ity    fi  >r 
raw  • 


industries  according  to  the  census  has  in- 
creased over  700  per  cent.  The  increase  is 
doubtless  even  greater  than  this,  because 
prior  to  1909  the  census  included  individuals 
engaged  in  what  were  known  as  hand,  neigh- 
borhood and  building  trades,  who  are  now  no 
longer  included  by  the  census  in  this  classifi- 
cation. It  should  also  be  considered  that  the 
productiveness  of  each  industrial  worker  as- 
sisted by  modern  methods  and  machinery 
is  many  times  greater  than  formerly. 

During  the  past  century  the  chief  occupa- 
tion of  the  people  of  the  United  States  has 
changed  from  agriculture,  stock  raising,  and 
lumbering  to  manufacturing,  and  the  future 
power  demands  of  our  steadily  growing 
manufacturing  industries  can  hardly  be  esti- 
mated at  this  time. 
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The  Use  of  Central  Station  Power  in  Mines  and 

Steel  Plants 

By  K.  A.  Pauly 
Power  and  Mining  Engineering  Department,  General  Electric  Company 


Pauly 


PERHAPS  in  no 
other  field  of 
application  of  11k' 
electric  motor  are  the 
conditions  more  fa- 
vorable for  the  sale  of 
central  station  power 
than  in  mining.  The 
load  curve  of  a  single 
mine  is  a  ci  imbination 
of  a  very  fluctuating 
hoist  load  with  high 
peaks  superimposed 
on  a  fairly  uniform 
demand  of  the  drill 
compressors,  ventilating  fans,  pumps,  etc., 
making  the  isolated  plant  at  the  mine  high  in 
first  cost  and  expensive  to  operate.  Fuel  is 
expensive  at  metal  mines  and  seldom  if  ever 
is  condensing  water  available  in  sufficient- 
quantities  at  either  metal  or  coal  mines,  and 
it  is  frequently  necessary  to  purchase  drinking 
water  to  supply  the  boiler  feed.  The  control 
of  a  large  number  of  mines  by  a  single  com- 
pany usually  does  not  afford  relief  because  the 
individual  mines  are  so  scattered  that  supply- 
ing power  for  all  from  a  single  station  cen- 
trally located  involves  too  great  an  outlay 
in  transmission  lines,  because  advantage  can- 
not be  taken  of  the  load  of  intervening  mines 
operated  by  other  companies.  Even  where 
the  conditions  are  reasonably  favorable  for 
the  economic  generation  of  power,  many  mine 
operators  feel  that  they  can  realize  greater 
returns  by  spending  the  capital  required  to 
build  a  generating  station  in  other  branches 
of  their  operations.  On  the  other  hand  they 
gladly  avail  themselves  of  an  opportunity  to 
purchase  power,  thus  reducing  the  first  cost  of 
electrification  by  the  cost  of  the  power  plant. 
A  mine  load  differs  from  others  in  several 
essential  details  which  must  be  taken  into 
consideration  by  the  central  station  engineer 
if  he  is  to  be  successful  in  his  efforts  to  serve 
his  patrons.  The  failure  of  power,  even  for 
short  periods  only,  may  endanger  the  lives  of 
hundreds  of  men  under  ground  by  an  accumu- 
lation of  explosive  gases  caused  by  shutting 
down  the  ventilating  fans,  and  because  of 
this  danger  every  reasonable  precaution 
should  be  taken  to  guard  against  interrup- 


tions in  the  service.  At  certain  seasons  of  the 
year  large  volumes  of  water  find  their  way 
into  the  mines  and  serious  damage  may  follow 
interruptions  in  the  pumping.  The  writer 
has  been  informed  by  the  superintendent  of 
one  of  the  large  anthracite  mines  that  during 
the  wet  season  the  pumps  will  be  flooded  in 
one  hour  if  shut  down,  and  that  it  required 
several  weeks  to  pump  this  mine  dry  after  an 
accident  in  the  boiler  plant  which  made  it 
necessary  to  shut  off  steam  for  a  compara- 
tively short  time. 

Feeding  the  mine  over  double  lines,  prefera- 
bly on  separate  poles  or  by  a  loop  circuit, 
minimizes  the  danger  from  interruptions  due 
to  transmission  failures.  Modern  lightning 
arresters  properly  placed  and  maintained  will 
eliminate  many  delays  due  to  lightning  dis- 
turbances. By  generating  power  in  two  or 
more  stations  with  sufficient  capacity  to  keep 
the  pumps  and  fans  running,  insurance  will  be 
had  against  serious  damage  to  the  mine  from 
accidents  in  one  of  the  plants. 

From  the  standpoint  of  safety  and  relia- 
bility the  installation  as  a  whole  may  be  bad 
in  spite  of  any  precautions  which  the  power 
company  may  take  unless  care  and  intelli- 
gence are  exercised  in  the  purchase  and  in- 
stallation of  the  equipment  underground;  and 
unless  the  mining  company  maintains  a  com- 
petent engineering  department  it  will  do  well 
to  engage  the  services  of  an  experienced  con- 
sulting engineer.  Rules  governing  standards 
of  practice  in  the  installation  of  electrical 
equipment  in  mines  are  being  extensively 
discussed  and  work  on  their  preparation  is 
now  well  under  way,  but  it  will  be  some  time 
before  they  can  be  put  into  force.  However, 
even  with  these  at  his  disposal  it  will  be  to  the 
interest  of  the  operator  to  consult  an  expe- 
rienced engineer  in  making  his  installation. 

In  the  electrification  of  its  mines,  America 
lagged  behind  Europe  largely  because  elec- 
tric power  was  not  available  in  most  mining 
districts,  and  where  available  its  use  for  min- 
ing operations  was  handicapped  by  such  re- 
strictions that  few  operators  availed  them- 
selves of  the  opportunity  to  purchase  it.  The 
hoist  load  with  its  high  peaks  of  short  dura- 
tion was  not  looked  upon  with  favor  by  power 
companies,  and  this  was  largely  responsible 
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,ped  i"  relii  >wer  system  of  I  he 

and  these  removed  the 
•  tie  characteristics  of  this  load 
from  the  standpoint  of  the  power  company. 
However,  the  firsl  cost  of  the  electrical 
equipment  was  so  great  as  to  limit  the  elec- 
trification of  hoists  to  the  most  favorable 
cases. 

Finally  the  power  companies,  appreciating 
that  with  a  large  connected  mining  load  the 
peaks  of  the  individual  hoists  would  so  inter- 
vea   e  as  to  give  a  reasonable  load  factor  and 
that  the  mining  load  could  not  be  obtained 
ut  making  a  more  favorable  proposition 
e  miners,   changed  their  attitude  and 
dered  the  load  conditions  which  would 
i ;  with  a  large  connected  load  instead  of 
dealing  with  each  case  independently  of  all 
the  others.     Permission  was  granted  to  use 
large  induction  hoist  motors  or  direct-current 
motors    with     Ward- Leonard    control,     but 
wit  ti m it    provision    for    equalization    of    the 
1  leaks  where  the  induction  motor  was  either 
inefficient  or  for  other  reasons  was  unsuited 
to  the  work.    The  success  that  attended  their 
efforts  is  indicated  by  Table  I  which  gives  the 
i  ild  during  the  last  year  by  some  of  the 
erving  mining  districts. 
The  load  factors  vary  from  approximately 
ci  nt    for  the  single  mine  to  approx- 
imately 70  per  cent  for  large  group  of  mines. 
One  of  the  most  important  facts  revealed  by 
these  figures  is  the  extent  to  which  electrifica- 
.is  taken  place  in  coal  mines,  which  is 
conclusive  evidence  both  of  the  advantage  of 
er  all  others  for  mine  opera- 
tions and  of  the  wisdom  of  purchasing  power 
when  available. 


Power 

Power  1 

Kw-hr. 

Mate; 

i 

10 

2 

148,500,000 

Coal 

3 

102, 

Coal 

4 

98,85 

!  i 

5 

85,000,000 

Coal 

6 

70,000,000 

Metal 

7 

f„S,  01 10,000 

8 

63,515,452 

( !oal 

9 

00,000 

Metal 

10 

148,000 

11 

16,031,827 

Coal 

12 

42,803,860 

Coal 

13 

34,000,000 

Coal 

14 

55,809 

15 

30,000,000 

Coal 

16 

28,636, 

' 

17 

28,000,000 

Metal 

18 

27,642,cnn 

19 

26,302,027 

Coal 

20 

25,000,00(1 

Metal  and  Coal 

21 

25,000,000 

■> 

22 

23,822,595 

Coal 

23 

22,749,050 

Coal 

24 

I4,07o,;,i  hi 

Coal 

25 

13,498,394 

Metal 

26 

10,195,425 

Coal 

27 

7,500,000 

Coal 

28 

7,000,000 

Coal 

29 

7,000,000 

Metal 

30 

4,000,000 

Metal 

31 

3,500,000 

Metal 

32 

3,275,000 

Coal 

33 

3,000,000 

Metal 

34 

1,500,000 

Coal 

Total 

1,819,300,040 

Steel  Plants 

In  steel  plants  the  conditions  are  very  dif- 
ferent from  those  obtaining  at  the  mines.  The 
chemical  reactions  which  take  place  in  the 
reduction  of  the  iron  ore  in  the  blast  furnace 
produce  immense  quantities  of  gases  which 
can  be  utilized  as  fuel  either  in  internal  com- 
bustion engines  or  by  burning  them  under 
boilers.  The  amount  and  thermal  value  of  the 
gas  vary  with  the  amount  of  coke  required  to 
reduce  the  ore,  but  under  ordinary  conditions 
a  furnace  yields  about  150,000  cu.  ft.  of  gas  per 
ton  of  pig  iron  produced,  the  gas  having  a 
thermal  value  of  from  90  B.t.u.  to  110  B.t.u. 
Of  the  power  that  is  thus  made  available, 
about  55  per  cent  is  required  to  supply  the 
blast  for  washing  the  gases  and  for  the  other 
auxiliaries  at  the  blast  furnace  proper,  leaving 
1 5  ]  ler  cent  available  for  power  for  other  pur- 
poses in  the  plant. 

In  the  manufacture  of  metallurgical  coke 
used  in  the  blast  furnace  there  is  produced 
about   11,000  cu.  ft.  of  gas  per  ton  of  coal 
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fired,  having  a  thermal  value  of  approximately 
550  B.t.u.  per  cu.  ft.  This  gas  may  be 
mixed  with  the  blast  furnace  gas  and  burned 
under  boilers,  but  because  of  the  high  hydro- 
gen content  it  is  not  well  adapted  for  use  in 
internal  combustion  engines.  It  is,  however, 
an  excellent  fuel  for  reheating  and  open-hearth 
furnaces  and  is  therefore  generally  used  there 
rather  than  for  power  purposes. 

Several  attempts  with  varying  degrees  of 
success  have  been  made  to  utilize  the  waste 
heat  of  the  open-hearth  furnaces,  but  this 
development  has  not  reached  extensive  pro- 
portions as  yet.  Careful  analysis  of  the  heat 
balance  of  a  modern  steel  works  comprising 
blast  furnaces,  open  hearths,  by-product  coke 
ovens  and  rolling  mills  producing  blooms, 
billets,  rails,  structural  shapes  and  plates 
indicates  that  enough  energy  is  available  as  a 
by-product  to  supply  all  the  needs  of  the 
plant,  and  this  general  conclusion  seems  to  be 
borne  out  in  practice. 

Because  of  the  theoretically  high  efficiency 
of  gas  engines  operating  on  the  waste  gases 
from  the  blast  furnace  they  were  used  in  the 
earlier  installations  in  this  country  as  well  as 
abroad,  but  they  have  taken  a  place  second 
to  the  steam  turbine  because  of  their  high 
first  cost,  their  comparative  unreliability, 
and  the  fact  that  under  operating  conditions 
their  efficiency  falls  far  below  that  anticipated 
when  they  were  first  introduced.  Also,  im- 
provements in  the  design  of  steam  turbines 
and  in  the  method  of  cleaning  the  gas  which 
conserves  a  large  part  of  its  heat  as  it  leaves 
the  stack  make  the  comparison  between  the 
gas  engine  and  the  steam  turbine  less  favor- 
able to  the  former  now  than  a  few  years 
ago.  In  fact,  power  can  be  produced  in  a 
modern  turbine  plant  operating  on  blast 
furnace  gas  as  a  fuel  cheaper  than  it  can  be 
produced  in  a  gas  engine  plant,  all  factors 
being  considered. 

Where  the  conditions  are  so  favorable  for 
local  generation  of  power  as  they  are  in  the  large 
steel  plants  it  is  not  to  be  expected  that  there 
will  be  a  very  large  market  for  central  station 
power,  but  there  are  many  small  plants  which 
do  not  operate  blast  furnaces  or  coke  ovens  from 
which  to  draw  by-product  fuel  which  can  to 
advantage  and  do  purchase  power  from  public 
utilities  serving  their  territories.  Because  in 
the  early  steel  mill  installations  power  was 
developed  at  25  cycles  there  appears  to  be 
considerable  unjustifiable  prejudice  in  favor 
of  this  frequency  on  the  part  of  many  steel 
mill  electrical  engineers.  It  is  true  that  the 
J  arge  low-speed   direct-connected  motors  are 


i  h  aper  when  designed  for  12.")  cycles  than  for 
lid  cycles,  and  most  of  the  early  installations 
included  motors  of  this  class;  but  the  factor 
most  responsible  for  25  cycles  in  steel  plants 
is  probably  the  gas  engine  with  which  it  was 
extremely  difficult  to  obtain  satisfactory  oper- 
ation at  higher  frequencies. 

This  subject  has  been  quite  extensively 
discussed  recently  and  the  following  is  quoted 
from  a  contribution  by  the  writer  to  the  dis- 
cussion of  a  paper  on  this  subject  presented 
at  a  recent  meeting  of  the  Association  of  Iron 
and  Steel  Electrical  Engineers: 

"From  the  standpoint  of  production,  both 
as  to  quantity  and  quality,  steel  can  be  suc- 
cessfully produced  by  either  25-cycle  or  60- 
cycle  power,  and  the  question  as  to  which  fre- 
quency should  be  used  in  the  electrification  of 
any  plant  is  one  which  must  be  answered  by 
the  executives  of  the  interested  company,  act- 
ing under  the  advice  of  their  respective  engi- 
neers, since  the  vital  factors  affecting  the 
choice  are  of  such  a  nature  that  their  impor- 
tance cannot  be  properly  appraised  from  with- 
out. A  determining  factor  in  the  case  of  one 
plant  may  be  worthy  of  only  minor  considera- 
tion in  another,  although  this  may  not  be  at  all 
apparent  without  knowledge  of  facts  possessed 
only  by  the  executives  of  the  steel  company. 

"There  are,  however,  certain  rather  clearly 
defined  advantages  which  apparatus  designed 
to  operate  at  one  of  these  frequencies  possesses 
over  that  for  the  other,  and  a  very  brief 
review  of  these  may  be  of  assistance  in  a 
preliminary  study,  although  final  conclusions 
should  be  based  on  a  careful  analysis  of  the 
exact  conditions  obtaining  in  each  case, 

"Generating  and  transforming  equipment, 
including  motor-generators  and  synchronous 
converters,  for  supplying  power  for  the  direct- 
current  auxiliaries  are  less  expensive  per  kilo- 
watt or  kilovolt-ampere  on  60  cycles.  For  gen- 
eral purpose  alternating-current  motors,  60 
cycles  makes  possible  a  greater  number  of  speeds 
within  a  given  range,  although  no  serious  incon- 
venience has  resulted  from  the  limited  number 
of  speeds  available  where  25  cycles  have  been 
adopted.  Sixty-cycle  general  purpose  motors 
are  also  slightly  cheaper,  but  the  sum  total  cost 
of  these  units  is  only  a  small  item  in  the  total 
cost  of  the  electrical  equipment  in  a  normal 
steel  plant.  In  fact,  except  for  the  main  roll 
motors,  60-cycle  equipment  seems  to  have  the 
advantage  in  the  first  cost. 

"Whether  constant  speed  main  roll  motors 
are  cheaper  for  60  cycles  or  25  cycles  depends 
upon  their  capacities  and  speeds.  For  large 
direct-connected  motors,  60-cycle  equipments 
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ition. 
"The  substitution   of   high-speed    6O-1 

-   the  mills  will  lower  their 
costs,  including  the  gears,  slightly  below 
for  the  25-cycle  direcl  d   units,  but 

the  operating  handicap  ol  the  gears  mu 
be  lost  sight  of.    The  smaller  moderate 
main    roll    motors   are,    in    general,    slightly 
lower  in  co 

"  Adjustable  speed  alternating-current  main 
roll  moti  irs  ma>  be  made  for  either  frequi 
and  in  general  are  affected  by  speed  and  fre- 
■■.  similarly  to  the  constant  speed  units 
"We  have  analyzed  the  conditions  obtain- 
ing in  several  large  steel  plants,  from  which 
conclusioi     an    deduced,  which 
conclusions,  I  believe,  will  apply  in  general  to 
ind  moderate!}  large  plants. 
"If    power    is    generated    locally    and    the 
main   roll   motors  are  direct-connected, 
of  the  60-cycle  installation 
will  lie  111  per  cent  to  1  .">  per  cent  greater  than 
that  for  the  25-cycle  installation  and  if  •■■ 
is  purchased  this  difference  may  lie  doubled 
oi    course,    the   cost   of  generating 
equipment  will  be  saved.   The  efficiency,  which 
I  have  purposeh    refrained  from  discussing  in 
detail  :  ts  dependence  upon' so  many 

factors,   such  as  aring,  etc.. 

will  be  practically  the  same  for  both  fre 
a  whi  le 
'■  Based  in-  -  tied  by  our 

detailed   study  of  the  plants   referred   to     I 
istified  in  makinj  ing  general 
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not  it   is  intended  at   a  later  date  to  generate 
power  locally. 

"If  power  is  to  be  generated  locally,  the 
overall  first  cost  of  tin-  electrical  equipment 
will  be  less  for  25  cycle  .  bul  the  decision  to 
this  frequency  should  not  be  made 
until  due  consideration  has  been  given  to  the 
ing-in  with  the  public  utility 
supplying  the  < list  ricl . 

"Two  vital  factors  upon  which  the  decision 
to  purcha  e  or  venerate  power  must  be 
are:  First,  the  importance  of  making 
the  plant  self-contained;  and  second,  the 
return  which  may  be  realized  on  the  money 
required  to  build  the  local  generating  plant 
if  utilized  for  development  along  other  lines. 
ously  the  weight  of  thi  must 

termined    by    tin-   plant    executives   as 
ously    suggested.      If   blast    furnao 
or   by-product    fuels  from  any   other 
are    available,    conservation    demands    their 
utilization,    which    can,    in    general,    best   be 
accomplished  through  the  generation  ot 
trie  power  locally. 

"In   this  discussion    I    have  assumed   that 
the  choice  of  frequency  is  not  hampered  by 


TABLE   II 

Power  Company 

Annual  Power  Consumption 
Kw-hr. 

1 

135,0nil.nnn 

2 

92,000,000 

3 

78,403,000 

4 

7(1,11110,000 

"1 

49,386,000 

6 

48,00li,iiiHi 

7 

40,697,000 

8 

35,705,000 

9 

33,000,000 

III 

28,598,196 

11 

28,000,000 

12 

J  l.i  127,000 

13 

11,800,000 

14 

10,434,(111(1 

15 

9,856,600 

16 

9,782,500 

17 

8,581,813 

is 

2. 5411. 

Total 

712,832,109 

an  existing  development.  Obviously  the 
inertia  of  a  partial  electrification  along  one 
line  may  be  such  as  to  make  it  necessary  to 
d  along  this  line,  although  a  different 
course  could  advantageously  be  pursued,  if 
not  hampered  by  an  existing  installation. " 

While  a  steel  mill  load  is  made  up  largely 
of  a  combination  of  high  peak  loads  these 
peaks  recur  at  short  intervals  and  are  of  very 
short   duration,    the    daily    load-factor   being 
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not  very  different  from  that  of  the  ordinary 
industrial  plant.  The  extent  to  which  electric 
power  is  supplied  by  public  utilities  to  steel 
plants  is  indicated  by  Tabie  II  which  gives  the 
approximate  power  sold  annually  by  some  of 
our  large  central  stations  for  operating  steel 


plants.  The  load-factors  for  these  installa- 
tions range  from  2(i  to  72  per  cent.  As  a 
matter  of  fact  over  half  of  the  plants  in  this 
list  have  a  load-factor  of  40  per  cent  or  bettei 
It  is  interesting  to  note  that  of  the  companies 
listed  only  one  supplies  25-cycle  power. 


Steel  Mill  Power-factor  and  the  Central  Station 

By  A.  K.  Bushman  and  A.  L.  Lemon 
Power  and  Minim.  Engineering  Department,  General  Electric  Company 
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'HE  characteris- 

t  its  of  equipment 
in  steel  nulls  are  such 
that  the  induction 
motor  is  almost  uni- 
versally used  with 
the  exception  of  cer- 
tain auxiliaries.  All 
induction  motors  draw 
their  excitation  from 
the  line  in  the  form  of 
lagging  current.  Since 
a  large  low-speed 
motor  requires  more 

A.  K.  Bushmin  .  .        \,  , 

excitation  than  one  ot 
higher  speed,  the  full-load  power-factor  of  the 
low-speed  machine  is  lower.  The  approximate 
relation  between  the  number  of  poles  and 
power-factor  of  a  1000-h.p.,  2200-volt,  3- 
phase,  00-cycle,  40-deg.  motor  is  shown  graph- 
ically in  Fig.  1. 

The  principal  divisions  of  a  steel  mill  load 
are: 

(1)  Large  induction  motors  for  main  roll 
drive. 

(2)  Motor-generators  or  synchroni  ms  ci  in- 
verters for  sup] dying  direct  current. 

(3)  Auxiliary  alternating-current  motors 
(synchronous  or  induction). 

(4)  Alternating-current  lighting. 

(5)  Electric  furnaces 

Analyzing  these  with  regard  to  power-fac- 
tor: Synchronous  converters  usually  operate 
at  unity  power-factor.  Motor-generators  are 
usually  of  the  synchronous  type  if  larger  than 
100  kw.  and  are  rated  al  85  per  cent  or  lower 
leading  power-factor  and  are  thus  able  to  sup- 
ply sufficient  leading  wattless  kilovolt-amperes 
to  correct  for  a  considerable  amount  of  the 
lagging  wattless  kilovolt-amperes  required  by 
the  induction  motors.  A  large  number  of 
auxiliaries  such  as  pumps,  air  compressors, 
etc.,  are  synchronous-motor  driven  at  unity 
dower-factor.       Alternating-current     lighting 


only  in 
with  the 
motors, 
roll    i 


and  electric  furnaces 
operate  at  practically 
unity    power-factor. 
Thus,    power-factor 
correction     need     be 
considered 
connection 
induct  ion 
both    main 
auxiliary. 

In  any  steel  mill 
the  mam  roll  motors 
are  comparatively  few 
in  number  but,  owing  .   _  . 

.  .  '  "  A.  T.  Lemon 

to  their  size,  form  a 

large  part  of  the  total  load.  Due  to  the 
nature  of  the  work  many  main  rolls  run  at 
low  speed  and  therefore  require  either  a  low- 
speed  motor  or  the  use  of  gears.  If  the 
power  supply  is  60  eye  es,  the  use  of  direct-con- 
nected low-speed  motors  means  verylow  power- 
factor,  as  will  be  seen  by  reference  to  Fig.  1 
which  shows  that  the  full-load  power-factor 
of  motors  of  similar  design  is  a  function  of  the 
number  of  poles  and  not  of  the  actual  speed 
of  the  motor  in  r.p.m.  Some  of  these  motors 
require  as  much  as  30  per  cent  of  their  full- 
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and    the   Number   of  Poles   of 

2200-volt,  3-phase,  60-cyc! 


?en  Full  Load  Power-facto 
a    1000-h.p.,    40-deg., 
Induction  Motor 


load  current  for  magnetization,  and  on  ac- 
count of  the  interm.ttent  character  of  the  load 
on  some  types  of  mills  and  since  the  magnet- 
izing current  is  practically  constant  for  all 
loads,  the  average  power-factor  is  consider- 
ably lower  than  that  for  full  load. 
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Influence  of  the  Power-factor  of  the  Load  ( 
Voltage  Drop  in  a  Transmission  Line 


the  central  station  and  the  steel  mill  to  keep 
the  power-factor  high.  The  central  station  is 
benefited  because  its  generating  capacity  is 
kept  at  a  minimum  for  a  given  connected  load. 


coal  fired  is  almo  ible.     To  the  cus- 

i"''.     power-fai  increased 

invesl  i  mission  cop- 

per, and  dev  res.  as  well  as  low  and  fluctuat- 
iltage  for  liro    drop  i     -.  er 
ir  as  will  be  shown. 
The  resistance  drop  is  in  phase  with  the 

compo- 
The 
90  d  .10  line 

currenl   and  so  for  low  lagging  power-factor 
loads   has   a    large   component    opposing   the 
ated  electron  As  the  power- 

■  increases  this  component  decreases  to 
zero  and  finally  at  some  value  of  leading 
".  dep  mding  on  the  constants  of 
the  line,  becomes  additive  and  the  re© 
r  than  that  generated. 
This  is  clearly  shown  in  Fig.  '2  which  also 
shows  how  the  generator  voltage  will  have  to 
vary  with  varying  power-factor  in  order  to 
maintain  constant  receiver  voltage.  In  the 
diagram  the  vector  OEr  represents  the  receiv- 
er voltage,  which  is  kept  constant.  The 
kilowatt  input  to  the  load  is  also  kept  con- 
stant, the  vectors  OA ,  OB,  0C,  and  OD  repre- 
senting the  line  current  at  50  per  cent  lagging 
power-factor,  SO  per  cent  lagging  power-fac- 
tor, unity  power-factor,  and  SO  per  cent  lead- 
ing power-factor  respectively,  the  power  com- 
ponent being  OC  in  each  case.  Adding  (geo- 
metrically) to  OEr  the  resistance  line  drops 
parallel  and  proportional  to  the  load  currents, 
and  to  the  end  of  these  the  inductive  drops  at 
right  angles  and  proportional  to  the  load 
currents,  we  have  the  generated  voltages 
required  to  maintain  constant  voltage  on  the 
load  at  varying  power-factor. 
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Fig.  3.     Typical  Power-factor  Chart  for  One  Department  of  a  Large  Steel  Mill 


It  costs  practically  as  much  to  general  e  a  d 
se'l  L000  kv-a.  at  70  pi  er-factor  as 

111(11)  kw.  at  unity,  since  the  same  investment 
in  equipment  and  the  same  overhead  charges 
apply  in  either  case  and  the  difference  in  the 


Low   voltage   is   very   objectionable   in   a 

mill  as  the  major  part  of  the  load  is  on 

induction  motors  and  with  thistypeof  machine 

the  horse-power  output  with  constant-current 

input  varies  approximately  inversely  as  the 
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square  of  the  impressed  voltage.  Also,  if  the 
lighting  circuits  are  alternating-current,  low 
voltage  means  greatly  decreased  brilliancy 
and  fluctuating  voltage  causes  flickering  of 
the  lights. 

It  is  possible  to  supply  the  wattless  current 
from  an  outside  source  without  increasing 
the  size  of  the  generators,  transformers,  or 
transmission  lines,  and  thus  maintain  a  higher 
vi  Itage  at  the  end  of  the  line  and  at  the  same 
time  release  part  of  the  capacity  of  the  gen- 
erating and  transmission  system  for  use  else- 
where. The  most  commonly  used  power- 
factor  corrective  apparatus  is  the  synchronous 
motor  or  synchronous  condenser,  as  it  is  called 
when  used  for  power-factor  correction  only.  A 
synchronous  mut  or  can  be  made  to  supplyall  of 
the  magnetizing  current  required  and  the  gen- 
erators will  then  operate  at  unity  power-factor. 
Under  these  conditions  the  maximum  power 
can  be  delivered  with  minimum  expenditure 
for  generators  and  transmission  equipment. 
On  a  system  with  very  low  power-factor,  the 
saving  in  line  material  alone  will  sometimes 
pay  for  the  machinery  installed  for  improving 
the  power-factor  and  a  material  saving  in 
operating  expense  is  realized  thereafter. 

Some  mi' Is  not  only  correct  poor  power 
factor  but  also  maintain  constant  receiver 
voltage  by  installing  a  condenser  whose  excita- 


■iOOO-kv-a.,    600-r.p.m 

,    2300-volt    Synch 

denser  with  Direct-con 

necled  Exciter,  Tru 

bull  Steel  Co. 

Warren,  Ohio 

tion  is  controlled  by  a  voltage  regulator  which 
causes  the  condenser  to  supply  leading  cur- 
rent when  the  voltage  tends  to  fall  below 
normal,  the  amount  of  leading  current 
decreasing  when  the  load  drops  and  the  volt- 


age tends  to  rise  above  normal.  These  con- 
denser installations  can  be  made  entirely 
automatic,  the  starling  and  stopping  being 
governed  by  load  or  voltage  conditions  or  by 
a  time  clock,  and  only  an  occasional  inspec- 
tion by  an  attendant  is  necessary. 


Fig.  4.      180-kv-=i.,  3-phase,  60-cycle,  6600 
Equipment,  Public  Lighting  Dept., 


atic  Condenser 
t,  Mich. 


In  a  large  steel  mill  there  are  a  number  of 
auxiliaries  that  can  be  driven  by  synchronous 
motors  and  the  steel  mill  engineer 
should  be  urged  to  use  this  type  of 
motor  wherever  possible.  If  designed 
for  70  per  cent  power-factor  they  can 
be  used  for  power-factor  correction, 
supplying  70  per  cent  of  their  kilo- 
volt-ampere  rating  for  this  purpose 
and  70  per  cent  for  driving  a  me- 
chanical load.  The  total  capital 
invested  in  machinery  with  this  ar- 
rangement is  less  than  where  two 
separate  machines  are  used  totaling 
the  same  kilovolt-amperes,  that  is, 
using  one  machine  for  supplying  the 
necessary  magnetizing  current  and 
another  for  driving  the  mechanical 
load. 

In    recent    years    the    variety    of 
products  required  from  a  steel  mill 
has  created  a  demand  for  mills  capa- 
ble of  quick  adjustment  and  therefore 
driven   by   adjustable-speed   motors. 
Motors     with     multi-polar     connec- 
tions are  inherently  lower  power-factor  ma- 
chines than  single-speed  motors  and,  in  addi- 
tion to  giving  only  two  or  three  speeds  with 
no  intermediate  adjustment,  are  rather  expen- 
sive, so  their   use   has   been   rather  limited. 
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been    very 
modi- 
trol   of 
lining  all  tl 

motor  drive, 
wide 
ielov        tii   ironou 

lO! 

cent 

■  syn- 
this  popular  sysfc 
the    wattli  olt-am- 

ii  the  line  by  largi 
1  unless  thei 
the    ine  drawing   wattless  current    the  pur- 
of   power-factor  corn  aratus 

■ary. 
As   has  :    the  use  of  high- 

ad   of  low  ors  will  im- 

the  power-factor  bul  until  recent  years 
this  was  not  satisfactory  for  main  roll  drive 
on  accounl  of  the  difficull  j  of  building  large 

hal  would  stand  up  under  the    ■ 
required   of   them.      Improvements   in  man- 
ufacturing methods  and  in  the  design  of  the 
gears  :  ■  Le  them  thor  mghly 

reliable,  and  there  is  an  increasing  tend 
on  the  tie  steel  nulls  to  use  them  in 

connection  with  high-speed  motors  to  obtain 
a  smaller  investment  in  installed  apparatus  in 
some  instances  and  a  much  better  power-factor. 
In  is<  el  nulls  where  only  a  small 

anion:  n    ctive  apparatus  is  required, 

the  static  condenser  satisfactorily  meets  the 
I  izes  this  piece  of  appa- 

has  several  advantages  over  a  synchro- 
nous ci  It    has  a  lower  initial  cost, 
ttes  with  lowi  and  therefore  at  a 
lower    temperature    rise;    it    has    no    rotating 
parts,     therefore,    no     lubrication     costs,     no 

i^cless. 
It  is  easier  to  put  on  and  take  off  the  line  as 
this  is  accomplished  s mply  by  closing  or 
open:-:  i    circuil  i  ireaker      1 1<  iwe\  e 

correct  ice  capacity  is  fixed  and  leading  only, 
and  is  no1  adjustable  for  either  leading  or  lag- 
ging current  as  is  possible  with  a  synchronous 
condenser.     It  also  takes  mure  floor  space  per 


kilovolt-ampere  and  in  large  sizes  costs  more 
per  ki  impere. 

matter  of  charging  for  power  on  a 
sliding  scale  basis,  that  is,  on  a  power-factor 
instead  of  a  kilowatt  basis,  while  not  new  had 
not  been  given  close  attention  until  emergen- 
cies arose  making  it  necessary  to  invc 
the  possibility  of  taking  on  additional  cus- 
tomers or  of  relieving  the  generating  station 
of    its    load.      With    the    increasing    tendency 

:  facti  ir  clause   in  co 

mill   ei     neer  is  facin 
ij     buying    power-factor    cor-. 
or  paying  more  for  the  power  he 
uses,     h  may  happen  thai  the  central  station 
is  bound  by  contract  to  supply  power  at  a 
certain  rate  on  a  kilowatt  basis  regardli 
the  power-factor,  in  which  case  thi 
the    steel    mill    from    installing    synchn 
condensers,  thus  securing  bettor  voltage  regu- 
lation, may  not  warrant  the  expen 
conditions  such  as  these,  if  the  central  station 
is  running  somewhere  near  its  rated  kilovolt- 
ampere  capacity  and  has  an  opportunity  to 
take  on  additional  customers,  it  must  either 
install  more  generators  or  synchronous  con- 
densers to  relieve  the  generators  of  the  watt- 
less load.     The  purchase  of  additional  gen- 
erators, turbines,  etc.,  may  not  be  advisable 
at  the  time  but  the  extra  income  from  the 
new  load  will  represent  a  fair  return  on  the 
smaller  capital  required  for  the  purchase  of 
synchronous    condensers.      These    could    be 
installed  in  the  station  but  the  logical  place 
for  them  would  be  in  the  steel  mills  drawing 
the  largest  wattless  load  as  the  transmission 
system  would  then  also  be  relieved. 

Since  the  benefits  derived  from  power- 
factor  correction  are  shared  by  the  central 
statii  m  and  the  steel  mill  it  is  to  the  interest  i  if 
both  to  study  the  problems  of  their  particular 
systems  and  with  the  aid  of  the  electrical 
manufacturer  endeavor  to  eliminate  the 
waste  caused  by  low  power-factor.  Marked 
results  due  to  correction  of  power-factor  have 
already  been  accomplished  and  the  future 
will  undoubtedly  show  continued  improve- 
ment keeping  pace  with  the  constant  progress 
toward  increased  efficiencv. 
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Load  Conditions  in  Steel  Mills 

By  J.  D.  Wright  and  L.  C.  Mosley 
Power  and  Mining  Engineering  Department,  General  Electric  Company 


J.  D.  Wright 


A  CURVE-DRAW- 
ING wattmeter 
record  of  the  total 
power  delivered  to  a 
steel  mill  shows  a  load 
curve  which  is  a  com- 
bination of  individ- 
ual power  demands 
varying  from  the  more 
or  less  constant  loads 
of  motors  driving  mul- 
ti-stand mills  and 
I  constant  running  aux- 
iliaries to  the  inter- 
mittent and  rapidl) 
applied  loads  of  motors  driving  single-stand 
mills  and  fast  reversing  auxiliaries.  It  is  the 
purpose  of  this  paper  to  describe  load  condi- 
tions in  steel  mills  as  illustrated  by  typical 
individual  rolling  mill  motor  load  cycles  and 
to  show  their  effect  on  the  total  load  curve. 

REVERSING   BLOOMING    MILLS 

The  motor  driving  a  reversing  blooming 
mill  is  undoubtedly  subjected  to  the  most 
violent  load  fluctuations  encountered  in  any 
rolling  mill  drive.  If  it  were  necessary  to  sup- 
ply power  for  this  motor  direct  from  the  power 
house  it  would  be  a  very  un- 
desirable load  However, 
operating  conditions  require 

the   use  of  a  direct-current 

motor,  and  the  Illgner  sys- 

tern  of  control  is  therefore 
used.  Power  for  the  revers- 
ing mill  motor  is  obtained 
from  a  flywheel  motor- 
generator  consisting  of  one 
or  more  generators,  a  fly- 
wheel and  a  slip-ring  type 
induction  motor.  The  in- 
duction motor  is  usually 
wound  for  220(1  or  6600 
volts,  and  takes  its  power 
direct  from  the  incoming 
power  lines.  ' 

The  secondary  control 
equipment  for  the  induction  motor  consists 
of  a  liquid  slip  regulator.  This  slip  regulator 
is  provided  with  a  torque  motor,  the  windings 
of  which  are  connected  to  the  secondaries  of 
series  transformers  located  in  the  line  leading 
to  the  primary  circuit  of  the  induction  motor. 


The  torque  of  the 
motor  will  vary  with 
the  line  current  and  if 
when  the  load  comes 
on  the  current  tends 
to  exceed  a  certain 
predetermined  value 
the  torque  of  the 
motor  will  overcome 
the  weight  of  the 
moving  parts  of  the 
slip  regulator,  there!  >y 
introducing  resistance 
into  the  rotor  cir- 
cuit of  the  induction 
motor  driving  the  flywheel  set,  causing  the 
latter  to  slow  down  and  thus  allowing  the 
flywheel  to  give  up  its  energy.  During  the 
period  of  light  loads,  when  the  current  tends 
to  fall  below  the  predetermined  value,  the 
weight  of  the  moving  parts  of  the  slip  regu- 
lator overcomes  the  torque  of  the  motor  and 
the  resistance  will  be  automatically  cut  out 
and  the  flywheel  accelerated.  It  is  therefore 
evident  that  the  slip  regulator  is  effective  in 
limiting  the  input  from  the  line  to  a  pre- 
determined maximum  and  prevents  the  rap- 
idly fluctuating  loads  on  the  main  reversing 


L.  C.  Mosley 


g  Blooming  Mill 

motor    from    reaching    the    incoming    power 
lines. 

Fig.  2  shows  a  typical  calculated  load  curve 
for  a  reversing  blooming  mill  motor.  It  will 
be  seen  that  the  momentary  peak  loads  are  as 
high  as  13,000  h.p.,  but  the  use  of  the  flywheel 
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motor-generator  with  slip  regulator  control 
limits  the  input  from  the  power  system  to  a 
maximum  of  approximately  3000  kw.,  as 
shown  in  Fig.  1.  A  reversing  blooming  mill 
therefore  does  not  impose  a  difficult  or  un- 
desirable load  on  a  power  station.    With  con- 


mill  layout  is  shown  in  Fig.  4.  Tin-  stands, 
which  may  vary  in  number  from  four  to 
ten,  six  being  quite  common,  arc  spaced 
with  only  a  few  feet  between  centers.  Such 
a  mill  receives  its  steel  direct  from  the  bloom- 
ing mill  in  the  form  of  a  bloom  having  a  sec- 
tion of  approximately  42  sq.  in.  and  a  length,  for 
an  average  size  ingot,  of  approximately  50  ft. 


Layout  of  Six-stand  Co 


V-  +-l-  -•)•- 1  -4-H 

MINUTES 
Fig.  5.     Load  Cycle  for  Six-stand  Continuous  Mill 


ditions  as  shown  by  the 
curve  in  Fig.  2,  the  power 
consumed  from  1  p.m.  to 
2  p.m.  was  2200  kw-hrs., 
so  that  the  ratio  of  average 
to  peak  load  for  the  hour 
.     2200        _„   .  , 

1S  3000  =  '3°  PCr  C6nt- 
During  this  period  the  mill 
was  idle  for  about  five  min- 
utes. From  2  p.m.  to  3  p.m. 
the  power  consumed  was 
2000  kw-hrs.,  with  the  mill 
idle  approximately  10  min- 
utes. The  paper  speed  of 
this  curve-drawing  watt- 
meter was  three  inches  per 
hour.  A  much  higher  paper 
speed,  say  three  inches  per 
minute,  would  show  that 
due  to  the  action  of  the 
flywheel,  the  load  on  the 
induction  motor  came  on 
and  went  off  gradually  and 
not  suddenly  as  on  the 
direct-current  reversing  mill 
motor  to  which  the  flywheel 
set  furnished  power. 

CONTINUOUS  SHEET    BAR 
AND  BILLET   MILLS 

Load  conditions  on  motors 
applied  to  continuous  mills 
of  this  type  are  probably  as 
easy  as  will  be  found  in  any 
main  roll  drive.     A  typical 
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Fig.  6.      Load  Curve  of  Four-stand  Continuous  Mill 
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mill   r  '    from  the 

these  load  i 

building  up  of  the  load 
tand.      In 
ted  from  1  p.m.  to  2  p.m.  was 
I  from  2  p  m.  to  3  p.i 
kw-hi 

was  2400  kw-hr 


2  p.m.  to  •'!  p.m.  17(»)  kw-hrs.     It  will  be  seen 

ii         thai    the  duration  of  the 

id  is  much  greater  on  the  six- 

H,  ]        ,\  than  on  the  four-stand  mill, 

Such  or  similar  arrangements  of  bloi  >m- 

lillet  and  short  bar  mills  arc.  quite  com- 

ital  load  curve  showing  a  com- 

these  three  individual  mill  loads, 

her  with  the  load   caused   by   the  aux- 

mills,  will  be  of  interest      Such 

a  curve  covering  the  same  period  of  time  as 

in  Figs.  1.  Ii  and  7,  is  shown  in  Fig.  .'!.     The 

1  of  this  curve-drawing  watti 

ing  the  total  load  is  six  inches  per  hour. 

The  auxiliary  load  consisting  of  pumps,  air 

ressors,   motor-generators  etc.,   remains 

pracl  i  con  tanl    at    approximately    1500 

kw.    The  total  power  consumption  from  1  p.m. 

to  _'  p.m.  was  7300  kw-hrs.,  from  2  to  3  p.m. 

6000   kw-hrs.       The   maximum    peak    during 

riod  was  1 1 ,000  kw. 


The  motor  illustrated  was  recently  completed  by  the  General  Electric  Company  for  the  Tata  Iron  and  Steel  Com- 
pany, India.  It  isadoubleunit  machine,  rated  7000  h.  p.  (A. I. E.E.  rating,  with  a  speed  range  of  120-0-120  r.p.m.  Speeds 
from  0  to  55  r.p.m.  are  secured  by  means  of  generator  field  control,  and  from  55  to  120  r.p.m.  by  motor  field  control. 
Power  is  supplied  by  a  flywheel  motor-generator  consisting  of  a  5000-h.p.,  375-r.p.m.  induction  motor  and  three  2700-kw. 
generators.  The  flywheel  weighs  approximately  50  tons.  The  armature  of  the  motor  weighs  132  tons.  The  ventilation 
equipment  for  this  motor  and  others  installed  in  the  same  room  will  be  described  in  an  article  in  our  July  issue 
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Generator  Requirements  for  Crane  Motors 

By  H.  H.  Vernon 
Power  and  Mining  Engineering  Department,  General  Elei  irk    Company 


DOWER  for  elec- 
-*■  trically  operated 
cranes  is  either  sup- 
plied by  a  central  sta- 
tion through  substa- 
tions or  by  an  isolated 
plant ,  and  the  kilowatt 
capacity  of  the  sub- 
station or  of  the  gener- 
ator may  depend  on 
the  current  peaks 
drawn  by  the  motors 
as  in  the  case  of  one 
crane,  or  by  the  con- 
h.  h.  vemon  stant  power   demand 

as  in  the  case  of  a  number  of  busy  cranes. 

Direct  Current 

For  one  crane  that  is  used  only  occasionally 
the  continuous  rating  of  the  generator  does 
not  enter,  but  the  generator  must  be  large 
enough  to  stand  a  load  equivalent  to  150  per 
cent  of  the  input  to  the  hoist  motor  when 
hoisting  full  load. 

Close  regulation  of  a  direct-current  gen- 
erator supplying  power  to  crane  motors  is  not 
very  essential  because  the  torque  of  a  series- 
wound  motor  is  not  affected  by  a  reasonable 
drop  in  the  generator  voltage. 

A  busy  crane  requires  a  generator  that  will 
have  good  regulation  when  delivering  power 
equivalent  to  the  input  corresponding  to  KM) 
per  cent  output  of  the  hoist  motor  plus  150 
per  cent  output  of  the  bridge  motor.  In 
other  words,  for  a  generator  that  will  stand 
not  more  than  150  per  cent  overload  momen- 
tarily, the  continuous  rating  should  be  at 
least  S3  per  cent  of  the  combined  kilowatt 
input  corresponding  to  the  ratings  of  the 
hoist  and  bridge  motors. 

A  generator  that  is  used  for  two  busy  cranes 
with  duplicate  electrical  equipment  should 
stand  peaks  equivalent  to  the  sum  of  the 
ratings  of  the  hoist  motor  plus  three  times 
the  rating  of  the  bridge  motor  on  one  crane. 

If  the  power  is  supplied  by  a  central  station 
or  a  large  generator  that  furnishes  power  to 
motors  other  than  the  crane  motors,  the 
equivalent  continuous  capacity  for  one  light- 
duty'  crane  amounts  to  about  S  per  cent  of  the 
30-minute  rating  of  the  hoist  motor. 

For  a  busy  crane  that  works  fully  up  to  its 
capacity  and  has  enclosed  direct-current 
motors,  the  equivalent  continuous  kilowatt 
load  amounts  to  about  30  per  cent  of  the  input 
corresponding  to  the  sum  of  the  30-minute 


ratings  of  the  hoist  and  bridge  motors.  This 
is  due  to  the  fact  that  the  continuous  output 
of  an  enclosed  direct-current  crane  motor, 
as  shown  by  many  tests,  averages  about  30 
per  cent  of  its  30-minute  rating. 

The  power  required  for  two  cranes  that  are 
worked  up  to  full  capacity  and  have  duplicate 
electrical  equipment  would  be  for  enclosed 
motors  about  30  per  cent  of  the  input  cor- 
responding to  the  sum  of  the  30-minute 
ratings  of  the  hoist  motor  on  one  crane  plus 
the  bridge  motors  on  both  cranes. 

An  industrial  plant  with  a  large  number  of 
overhead  travelling  cranes  that  are  in  use  con- 
tinuously and  are  equipped  with  direct-cur- 
rent motors  requires  an  average  number  of 
kilowatts  equivalent  to  12  or  15  per  cent  of 
the  input  corresponding  to  the  30-minute 
ratings  of  all  of  the  hoist  and  bridge  motors. 

Alternating  Current 

Alternating-current  crane  motors  must 
have  not  less  than  rated  voltage  impressed 
at  the  motor  terminals  because  the  torque 
of  an  induction  motor  varies  as  the  square  of 
the  impressed  voltage,  therefore  the  gen- 
erator must  be  large  enough  to  have  good 
regulation. 

The  remarks  in  regard  to  peak  require- 
ments for  direct-current  generators  applv  as 
well  to  alternating-current  generators,  but 
the  heating  requirements  are  different  because 
the  average  continuous  rating  of  an  open-type 
alternating-current  crane  motor  is  about  SO 
per  cent  of  the  30-minute  rating. 

A  crane  with  open-type  alternating-current 
motors  doing  the  same  work  as  a  crane  with 
enclosed  direct-current  motors  requires  about 
30  per  cent  of  the  kilowatt  input  correspond- 
ing to  the  sum.  of  the  30-minute  ratings  of  the 
hoist  and  bridge  m.otors.  Two  of  these  alter- 
nating-current cranes  furnished  with  dupli- 
cate electrical  equipment  and  doing  the  same 
work  as  two  cranes  with  enclosed  direct-cur- 
rent motors  would  require  about  30  per  cent  of 
the  input  corresponding  to  the  sum  of  the  30- 
minute  ratings  of  the  hoist  motor  on  one  crane 
plus  the  bridge  motors  of  both  cranes. 

If  these  alternating-current  cranes  are 
operated  up  to  their  capacity,  the  30  per  cent 
value  should  be  raised  to  70  per  cent. 

The  power  required  for  heavy  duty  cranes 
equipped  with  open-type  motors  is  dealt 
with  elsewhere  in  this  issue  in  an  article 
entitled  "Substation  Capacity  for  Heavy 
Duty  Material  Handling  Cranes." 
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i  in  solving  a  problem  is  to 
mine  the  duty  cycle  of  power  input  to 
any  i  Luty  cycle  can  be 

easily    supplied    by    the   manufacturer   of   a 
peration    is    very    well 
duty  cycle  for  a 
of    this    kind    plotted    with    time    as 
pu1    as   ordinates. 
1    once   every  48 
ds.     Actually  power  is  drawn  from  the 
line  u1    of  the  48  seconds. 

The  duty  c  ;  he  combined  in- 

put to  the  hoist  motor  and  some  traversing 
■■■; -mean-square   value  of  in- 
221.5   kw.      The   arithmetic  average 
value  of  input  is  1(1  kw. 

In    studying    this    problem,    it    is    r< 

apparent    that    if    only    one    crane    is    being 

supplied   with   power  the   substation   should 

have'  f  221  kw.  continuously, 

but  if  vanes  are  to  be  supplied,  the 

substation  capac- 

r  supplying  both  cranes.     Fig.  2  shows 

cranes   when    all 

cranes   are  performed 

simultaneously.      !  lean-square  value 

of  kill  coml  ination  is  443 

Just    '  E  one  crane  shown  in 

It  is  quite  possible,  however,  that  one 

I  be  doing  the  hardest  part  of  its 

work  while  the  other  crane  is  at  rest.     Such  a 
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individual  cranes  arc  superimposed  on  each 
lo  cause  the  leasl  possible  heat  at 
the  substation.  The  root -mean-square  value 
owatl  input  is  322  as  against 
■  if  373 .'  I"  ' 
which  is  too  large  to  be  overlooked.  It  is  not 
o  era  -  would  operate 
always  as  shown  in  Fig.  2,  nor  always  as 
shown  in  Fig.  3.  For  the  purpose  of  this 
calculation  an  assumption  was  made  that 
ranes  would  start  off  as  shown 
in  Fig.  2,  and  that  one  crane  would  gradually 
drop  behind  the  other  two  seconds  on  every 
cycle.  Input  curves  were  plotted  for  24  such 
conditions  and  the  root-mean-square  of  the 
whole  series  of  curves  plus  the  input  of  one 
duty  cycle  shown  in  Fig.  1  was  taken.  The 
extra  duty  cycle  in  Fig.  1  was  thrown  in  to 
make  up  for  the  fact  that  during  24  com- 
bination duty  cycles  one  crane  made  24  trips, 
and  the  other  crane  made  23.  The  root- 
mean-square  value  thus  obtained  was  372 
kw.  Fig.  1  shows  the  particular  one  of  this 
series  of  combination  duty  cycles  whose  root- 
mean-square  is  -'!72  kw. 

This  value  of  372  kw.  is  practically  midway 
en  the  root-mean-square  of  Fig.  3  and 
the  root-mean-square  of  Fig.  2.  It  is  also 
interesting  to  note  that  it  is  practically  equal 
to  the  sum  of  the  root-mean-square  of  1 
plus  its  arithmetic  average  value. 

Power  Input  to  Three  Cranes 

It  is,  of  course,  evident  that  when  there  are 
three  cranes  on  the  dock,  they  will  have  a 
greater  diversity  factor  than  will  two  cranes, 
and  in  order  to  arrive  at  some  value  for  this 
condition  Fig.  4  was  taken  as  being  the  typical 
input  curve  for  two  of  the  cranes.  The  third 
crane,  whose  duty  cycle  is  as  shown  in  Fig.  1. 
was  superimposed  on  Fig.  4  in  24  different 
combinations,  dropping  back  two  seconds 
each  time  and  then  one  curve,  Fig.  1,  was 
added  in.  The  root-mean-square  avera 
the  whole  combination  was  found  to  be  l^s 
kw.  It  is  interesting  to  note  that  when  the 
input  of  the  three  cranes  was  joined  together 
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e    in  Seconds 
Duty  Cycle  of  Material  Handling  Crane.     Root- 


i-square  equals  221  '  i  kw. 


Fig.  2.      Duty  Cycle  of  Two  Cr 


Time  in  Seconds 


in  Unison.       Dotted  line  indicates  duty  cycle  of  : 
-square  equals  443  kw. 


Fig    3       Duty  Cycle  of  Two  Cranes  Not  Working  in  Unison.      Dott«d  toe  indicates  duty  cycle  of 
fig.  j.      uuiy      y  single  crane.      Root-mean-square  equals  322  kw. 
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Power  Loads 

By  M.  A.  Whiting  and  C.  E.  H.  von  Sothen 
Power  and  Minim.  Engineering  Department,  General  Electrk   Company 


M.  A.  Whiling 


DURING  tl 
year  the  man- 
nents  of  many 
mining  and  industrial 
r  p  ri  s  es  have 
shown  considerable 
interest  in  the  possi- 
bilities offered  by 
automatic  operation 
of  moti  ir-generator 
and  synchrom  ius  con- 
verter   substations. 

been 

inspired  in  part  by  the 
success  of  the  auto- 
matic substation  in  the  railway  field  and  in  part 
doubt  '••  stenswe-a-nd  rapidly  growing 

application    i  atic  motor  control.    An 

added  stimulus  has  been,  of  course,  the  rise 
in  wagi  with  the  difficulty  in  many 

btaining   competent    operators   as 
ne    quarters,    however,    the 
ability    of    automatic    substations    to 
mining  or  industrial  service  has  been  unduly 
dispara  oo  narrow  a  cone  | 

of  the  nature  of  an  automatic  substation. 

Automatic  Substation  Denned 

An   automatic   substation   is  one  which,   at 
the  im  into 

natic  sequence,  which 
thereupon  maintains  by  auton 

service;   which    shuts 


down  and  clears  itself 
automatically  at  the 
opposite  indication  of 
the  master  circuit, 
and  which  protects 
itself  while  starting, 
running  and  shutting 
down. 

To  correct  a  some- 
what prevalent  un- 
ion, it  must  be 
emphasized  that  a 
substation  may  be 
"automatic"    regard- 

,  ,  ,  .  ■  .  C.  E.  H.  von  Sothen 

less    of    whether    it 

starts  only  on  low  direct-current  line  voltage  and 
shuts  itself-  down  on  prolonged  lack  of  load  de- 
mand, or  whether  the  substation  runs  contin- 
uously over  considerable  periods  and  is  caused 
to  start  and  stop  by  a  master  switch,  time 
switch,  etc.,  or  directly  by  the  svs  itching  opera- 
tions supplying  the  alternating-current  service. 

Economic  Considerations 

In  order  to  make  the  most  advantageous 
application  of  an  automatic  substation,  or  of 
any  comparatively  elaborate  type  of  electrical 
equipment,  it  is  necessary  to  consider  the 
economic  relation  between  the  electrical 
costs  and  total  costs,  and  it  is  equally  im- 
portant to  consider  the  functional  relation  of 
the  electrical  operation  to  the  total  operation 
of  the  enterprise  sen  ed. 
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The  chief  business  of  a  central  station  is.  of 
course,  the  production  and  delivery  of 
electrical  energy,  and  the  cost  of  producing 
this  energy  is  of  prime  importance.  The 
major  part  of  the  technical  and  executive 
ability  of  a  central  station  organization  is, 
therefore,  engaged  primarily  in  improving  the 
economy  of  generating,  converting  and  dis- 
tributing the  electrical  energy.  In  an  electric 
railway  the  power  bill  is  a  formidable  part  of 
the  total  operating  costs.  Here  also,  con- 
siderable technical  skill  may  be  profitably 
expended  in  reducing  the  power  bills,  and 
comparatively  elaborate  means  may  justi- 
fiably be  adopted  for  this  purpose. 

In  mining  and  most  industries,  however, 
the  conditions  are  quite  different.  In  most 
cases  the  cost  of  electrical  energy  is  a  small 
fraction  of  the  total  mining  or  manufacturing 
cost.  For  example:  In  bituminous  coal 
fields  a  typical  energy  consumption  is  about 

3  kw-hr.  per  ton  of  coal  mined,  so  that  the 
cost  of  electrical  energy  is  not  more  than  1  to 
2  per  cent  of  the  value  of  the  coal  loaded 
for  shipment.  In  steel  plants  the  ratio  will 
vary  considerably  but  (excepting  electric 
furnace    processes)    is   nearly   always   within 

4  per  cent  of  the  value  of  the  steel  pro- 
duced and  in  many  instances  within  '2x/i  per 
cent.  In  a  certain  large  automobile  plant 
the  cost  of  electrical  energy  per  car  produced  is 
about  1-9  of  1  per  cent  of  the  retail  price  of  the 
car. 

Because  the  profits  in  an  industrial  or  min- 
ing property  must  come  from  the  sale  of  the 
commodity  produced,  most  of  the  technical 
and  executive  talent  of  the  organization  is 
engaged  primarily  in  lowering  production 
costs  and  increasing  the  output.  While  there 
is  room  for  substantial  improvement  in  the 
principal  elements  affecting  mining  or  manu- 
facturing costs  and  plant  output,  the  manage- 
ment can  ill  afford  to  devote  much  special 
attention  to  the  possibilities  of  5  or  10  per 
cent  reduction  in  energy  cost  if  the  entire 
energy  cost  is  less  than  5  per  cent  of  the  total 
cost  of  production. 

Good  electrical  operation  in  industry,  how- 
ever, is  of  vastly  greater  importance  than  is 
indicated  by  the  percentage  cost  of  energy, 
or  even  by  the  percentage  cost  of  maintaining 
the  entire  electrical  department,  since  effi- 
ciency and  continuity  of  most  mining  and 
manufacturing   operations   are   almost    com- 


*It  is  recognized  that  close  supervision  of  energy 
may  be  important  for  a  very  different  reason.  An  undue  i 
in  energy  consumption  may  indicate  faulty  conduct  of  the  work 
or  inadequate  facilities  which  are  causing  losses  greatlv  in  excess 
of  the  increase  in  the  power  bill  itself. 


pletely  dependent  on  adequate  electric  service. 
A  general  interruption  <<i  electric  service  to  a 

mine  or  industrial  plant  causes  a  loss  of 
production  which  lasts  not  only  during  thi 
interruption,  but  in  main'  cases  after  the 
restoration  of  service  while  the  various  inter 
related  operations  arc  being  resumed.  Spoil- 
age of  material  in  process  of  manufacture  or 
damage  to  appliances  may  be  serious  addi- 
tional elements  of  loss. 

It  follows,  therefore,  that  reliability  of 
electrical  service  is  of  prime  importance,  but 
that  in  many  classes  of  industry  small  dif- 
ferences of  energy  consumption  are  negli- 
gible* Applied  to  automatic  substations  the 
foregoing  considerations  call  for  the  elimina- 
tion of  refinements  except  those  which  im- 
prove the  continuity  or  constancy  of  the 
electric  service  maintained  at  the  various 
parts  of  the  work. 

There  are,  to  be  sure,  many  industrial 
applications  in  which  the  cost  of  electrical 
energy  is  a  large  part  of  the  total  cost  of  pro- 
duction, but  these  applications  usually  have 
high  load  factors,  so  that  the  efficiency  of  con- 
version is  naturally  high.  Power  economies 
in  these  cases  can,  therefore,  be  sought  only 
through  proper  layout  of  the  distribution 
system  or  through  improvements  in  the 
technique  of  the  industry  itself.  No  less  than 
in  the  industries  discussed  earlier,  industries 
in  this  class  require  reliability  of  the  sub- 
station above  all  else. 

Character  of  Automatic  Service  Required 

In  our  definition  of  automatic  substation 
one  of  the  essential  elements  is  the  main- 
tenance of  the  "required  character  of  sendee." 
From  the  economic  considerations  outlined 
it  appears  that  the  best  service  is  provided  by 
starting  the  required  number  of  substations 
before  operations  begin  and  maintaining  this 
service  until  the  working  period  ends.  A 
typical  industrial  automatic  substation  will 
be  started  at,  say,  6:30  a.m.  by  pilot  wires 
to  a  convenient  point  at  a  distance,  will  run 
continuously  throughout  the  day,  and  will 
shut  down  at,  say,  5  p.m.  In  other  typical 
cases  a  substation  will  start  automatically 
whenever  the  alternating-current  incoming 
power  is  available  and  will  not  shut  down  at 
all  (except  on  failure  of  alternating-current 
power  or  other  emergencies  in  which  the  unit 
must  be  shut  down  for  protection).  Other 
provisions  for  putting  the  substation  in  and 
out  of  service  may  be  made  in  accordance  with 
other  requirements  determined  by  conditions 
under  which  the  enterprise  operates. 
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Benefits  from  Automatic  Operation 

nsider- 

ile  to  accom- 

these 

icularly 

In   many    casus    the 
■  a  o 

led,  or  auto- 
rjndei 
parison  is  si 

later,   how- 

apro  e  the 

ing  an 

In     industrial 

;  ile  distance, 
i  ■!•  steel  plants,  it  may  be  de  i 
to   use   several    single-unil    substations    dis- 
tributed over  the  property  in  order  to  improve 
the  voltage  regulation  witl  i  i  essive 

lation    of    fi  But    since 

ordinary   substations   require   operators,    the 
use  of  a  smaller 
numb  it  ions  than  is  best  from  the 

standpoint   of  distribution.     The  automatic 
substation   removes   this  wage  limitation  so 
that  the  number  and  location  of  automatic 
substations  may  be  determined  solely  with  re- 
iutio      l  nder  si  erne  conditions 
eduction  in  feeder  copper  which 
arrangement   of  automatic   substations 
on    than  co1  er  the  entire  extra 
the    automatic    substation 
equipments;   thus    (after   deducting   a   small 
re  is  a  net  saving 
e  entire  item  of  operators'  wages 
tional  saving  of  capital  charges. 
nder  this  head  may  be 
includi  which  have  an  effect,  di- 

rectly or  indirectly,  on  the  profits  or  security 
of  the  enterprise  but  which  are  difficult  to 
evaluate  definitely  in  dollars. 

The     railway     experience     indicates     that 
substations    operate    with    fewer 
interruptions  than  manually  controlled  sub- 
.  and  thai  wear  and  tear  on  the  sub- 
are  reduced  by  the  elirnina- 
;  unskillful  handling. 
In  a  containing  several  manual 

tions  interconnected  on  the  direct-cur- 
rent side  a  o  loads  which  vary  in 


magni  bout  on  the  system,  a 

substation  overloaded  beyond  its  limit  trips 

its  direct-current  circuit  breaker  and  throws 

n  the  remaining  substations. 

in  an  extreme  case,  may  so  heavily  over- 
li  iad  theol  her  substations  that  their  direct-cur- 
rent circuit  !  pen  successively.    Under 

favorable  conditions  the  remaining  sub- 
stations will  carry  the  overload,  but  fi 
through    a    long    distance    with    consequent 

ive  voltage  drop  to  the  loads  which 
are  causing  the  difficulty.  On  the  contrary, 
ded  form  of  automatic  substa- 
tion for  interconnection  on  the  direct-current 
side  has  provision  whereby  a  substation,  when 
the  load  approaches  its  momentary  capacity, 
limits  its  own  load  so  that  its  direct-current 
circuit  need  not  open.  Thus  it  shifts  only  the 
ither  substations,  but  continues 
itself  to  deliver  a  moderate  overload.     This 

itly   provides   the  greatest   practicable 

continuity  of  service,  the  best  voltage  at  the 

ing  places,  and  the  least  slowing  down 

of  production  during  heavy  overload  demands. 

Alternating-current  Automatic  Substations 

The  principal  field  for  automatic  sub- 
station control  has  been  that  of  substations 
for  conversion  from  alternating  to  direct 
current.  The  question  is  often  asked :  What 
are  the  possibilities  of  the  automatic  substa- 
tion for  alternating-current  industrial  power  ? 
There  is  a  large  field  for  automatic  control  for 
public  service  alternating-current  distribution, 
but  within  individual  industrial  plants  the  con- 
ditions are  considerably  different.  In  the  aver- 
age industrial  plant  which  is  operated  by  alter- 
nating current  the  transformer  substations  are 
located  advantageously  for  voltage  regulation 
and  feeder  investment  and  the  feeders  are  not 
particularly  subject  to  troubles.  These  substa- 
tions usually  are  not  attended  but  give  entirely 
adequate  service  on  this  basis,  so  that  under 
these  conditions  there  is  practically  nothing  for 
an  automatic  substation  control  to  do.  Where, 
however,  an  industrial  plant  must  use  trans- 
former substation  operators,  or  is  having 
difficulty  or  taking  an  appreciable  risk  due  to 
operation  without  attendants,  the  possibility 
of  automatic  operation  should  be  considered. 

Synchronous  condensers,  being  rotating 
machinery,  should  be  either  attended  or  con- 
trolled automatically.  Applications  of  syn- 
chronous condensers  have  probably  been 
limited  by  the  problem  of  attendance,  but 
t  he  use  of  automatic  control  makes  it  practi- 
cable to  locate  condensers  wherever  in- 
hcrentlv  most  desirable. 
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Industrial  Plant  Substations 

By  E.  G.  Merrick  and  B.  Nikiforoff 
Power  \m>  Mining  Engineering  Department,  General  Ele<  ikh   Company 


FOR  convenience  of 
analysis,  substa- 
tions  may  be  divided 
into  two  general 
classes,  which  we  will 
designate  as  main  and 
secondary.  The 
former,  which  are 
usually  located  at 
important  load  cen- 
ters, constitute  an  in- 
tegral part  of  the 
_  main  transmission 
e.  g.  Merrick  system,  receiving  pri- 

mary power  direct 
from  the  system  and  distributing  it  to  various 
points  of  consumption.  The  character  and 
operation  of  their  equipment  must  therefore 
be  of  the  same  order  as  that  used  in  the 
balance  of  the- primary  system,  so  as  to  insure 
continuity  of  service  from  the  generating 
station  to  the  distribution  feeders  under  both 
normal  and  transient  conditions. 

The  secondary  class  covers  substations 
which  furnish  power  to  individual  consumers, 
such  as  industrial  plants.     They  may  be  fed 


Failures  in  im  idem, 
well-installed,  and 
carefully  operated 
electrical  apparatus 
are  very  rare  and 
recognition  of  this 
fact  accounts  for  the 
simplicity  of  design 
in  many  secondary 
installations  where 
temporary  interrup- 
tions would  not  be 
serious.  The  possi- 
bility of  failure  must 
be  recognized  never- 
theless, and  this  necessitates,  in  many  cases, 
a  greater  outlay  to  obtain  the  quality  of  serv- 
ice desired  and  may  result  in  a  design  com- 
parable with  that  which  would  ordinarily  be 
required  for  a  main  substation  of  the  same 
capacity. 

Several  simplified  one-line  diagrams  of  sub- 
station connections  have  been  included  in 
this  article  and  a  brief  analysis  is  given  of 
each  in  order  to  illustrate  more  clearly  the 
considerations    governing    the    selection    of 
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directly  from  the  primary  sys- 
tem or  from  a  main  substation, 
but  in  either  case  the  selection 
of  equipment  is  governed 
largely  by  the  nature  of  the 
particular  load,  rather  than 
by  general  distribution  re- 
quirements. Here  too,  continuity  of  service  is  a 
desirable  feature,  but  the  degree  sought  after 
depends  on  the  extent  to  which  interruptions 
of  power  supply  can  be  capitalized,  and  this 
will  vary  widely  in  different  classes  of  plants. 


Transformer 

Air  Circuit  Breaker 

Oil  Circuit  Breaker 

Disconnectinq  Switch 


different  types  of  stations 
to  meet  various  conditions. 
These  are  typical  designs 
which  must  necessarily  be 
modified  to  meet  the  require- 
ments of  particular  cases. 
The  illustrations  chosen  cover 
only  plants  whose  operating  voltage  is  lower 
than  that  of  the  feeder  and  which  therefore 
require  step-down  transformers.  Where  the 
plant  operates  at  feeder  potential,  the  modifi- 
cation in  arrangements  will  be  evident. 
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should  be  pro\  ided  and  equipped  with 
■    relays,   in  conjunct  inn  with  ov< 

apply  end  of  the  circuit,  which 
will  automatically  cu1  off  cither  lii 
be  in  trouble,  throwing  the  entire  1<  ad  i 
line,  which 

the  entire  load  temporarily  with- 
ausing  excessive  line  dr< 
The   scheme   shown   in    I-'i 

arrangement  of  a  substation  acting  as 
a  switching  The  two  line  breakers 

make  he  sectionalizing  of  the  high 

■i  line  in  case  of  line  failure,  pern 

■1  from  either  side  of  the 
without  interruption. 
5  is  an  amplification  of  Fig.  ;;  b 
bling  the  number  of  transformer  hank-      In 
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of  the  feeder,  the  arrangement  shown  in  Fig. 

ary,  due  to  the  limited 

amount  of  magnetizing  current  which  can  be 

;    by  a  high   tension  air  break 

sw  itch  durii  ii  in  s-.\  itching. 

The  equipment  of  Fig.  :2  is  also  preferable 
■  of  Fig.  1  when  several  substations  are 
connected  to  the  same  feeder.  In  case  of 
failure  in  any  station,  the  high 
tension  transformer  switch  will  open  and 
therefore  proted  the  other  stations  against 
interruption  of  service.  No  low  tension  trans- 
former oil  switch  is  required  in  this  arrange- 

ides  a 

ubstations  com- 

pletely  from   the  feeder.     The  possibility  of 

r,  due  to  line  or  transformer 

failure,   is  i  i   this  case  as  with  the 

arrangement  of  Fig.  1. 

In  order  to  protect  the  service  against  inter- 
ruptions  due   to   line   failure,    double   circuit 


case  of  transformer  failure,  the  plant  will  be 
shut  down  temporarily,  but  as  soon  as  the 
fault  is  cleared  service  can  be  resumed  at 
partial  output  until  the  damaged  transformer 
is  replaced  by  a  spare  unit. 

The  arrangement  of  Fig.  6  is  somewhat 
more  expensive  than  that  of  Fig.  5  due  to  the 
additional  cost  of  the  high  tension  bus-tie 
oil  switch;  the  extra  expense  is  frequently 
warranted,  however,  because  of  the  gain  in 
reliability  and  simplification  of  switching 
operations.  In  case  of  transformer  failure 
differential  transformer  relay  protection  will 
open  the  low  tension  transformer  switch,  bus- 
tie  switch  and  line  switch  corresponding  to 
the  bank  in  question  and  therefore  automati- 
cally disconnect  the  faulty  transformer  bank. 
Under  normal  conditions,  a  transformer  bank- 
can  be  taken  out  of  service  1  ly  i  >]  lening  the  1  ius- 
tie  switch  and  the  line  switch  corresponding 
e  transformer  bank,  thus  breaking  the 
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load  current;  the  magnetizing  current  will 
then  be  broken  by  opening  the  Low  tension 
transformer  switch. 

A  still  more  elaborate  design  is  indicated  in 
Fig.  7.  With  three  or  more  transformer  banks 
installed,  it  becomes  necessary  to  add  high 
tension  transformer  oil  switches  to  secure 
automatic  protection  against  interruption 
due  to  transformer  failure.  By  the  addition 
of  differential  transformer  protection,  the 
high  and  low  tension  breakers  are  made  non 
automatic  as  regards  external  disturbanc 
but  automatic  in  case  of  breakdown  in  the 
transformer  windings  or  at  the  terminals. 
The  great  advantage  of  this  method  of  pro- 
tection lies  in  its  sensitiveness  and  also  in  the 
elimination  of  a  time  differential  between  the 
high  and  low  tension  busses.  The  system  can 
1  herefore  be  relayed  as  if  the  incoming  feeders 
were  connected  directly  to  the  low  tension  bus. 

Additional  reliability  and  flexibility  are 
obtained  by  the  installation  of  either  double 
high  or  low  tension  busses,  or  both,  as  shown 
in  Pig.  8.  This  provides  a  means  of  taking  a 
bus  out  of  service  at  any  time  for  inspection 
or  cleaning,  and  also  of  dividing  the  load  for 
independent  operation  from  separate  busses. 

Carrying  the  scheme  of  Fig.  8  still  further, 
double  oil  switches  may  be  used  in  both  feeder 
and  transformer  connections.  This  removes 
any  limitation  to  service  which  might  be 
caused  by  an  oil  switch  failure  or  by  discon- 
necting a  switch  for  inspection  and  cleaning. 


Fig.  9.      70,000-volt  Outdoor  Air  C 


to  the  quality  of  service.  Fig.  9  shows  a 
photograph  of  an  air  break  switch  such  as 
might  be  used  for  the  equipment  shown  in 
Fig.  1.  This  type  of  switch  has  successfully 
broken    charging    and    load    currents    corre- 
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The  various  substation  arrangements  which 
have  been  presented  show  the  possibility  in 
certain  cases  of  reducing  the  cost  of  installa- 
tion by  substituting  disconnecting  or  air 
break  switches  for  oil  switches  where  such 
substitution  does  not  offer  a  serious  handicap 


sponding  to  approximately  3,600  kv-a;  under 
different  operating  conditions  this  value  night 
have  been  increased  or  decreased,  depending 
on  the  switch  spacing  and  the  magnitude  and 
direction  of  the  wind.  For  moderate  voltages, 
the  switch  can  be  built  in  combination  with 
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eluding     lightning     arresters,     di 
switches,   oil   switches,    power  and  metering 
transformers  and  high  tension  busses.     The 
control  and  low  tension  equipment  only  art- 
installed  indoors  and  the  saving  in  bui] 

linarily  a  c  The 

outdoor  station  also  lends  itself  mi 
to    fir  I 


if 


Fig.  10.     Oil  Fuse  Cutout 

cui 
of  different  capacities 
is   unreliable.      The   delay    in    reestablishing 
ce  may  also  be  prohibitive. 

A    i  ely    recent    development    in 

below  1 5,000  volts  is  shown 
in  Fig.  10.  The  fuse  is  submerged  in 
oil  in  a  cast  iron  tank.  These  fuses 
havea  considerable  rupturing  capacity, 
viz.,  ID  times  normal  current  for  the 
lighl  type  and  25  inns  normal  current 
for  the  heavy  duty  type.  The  con- 
struction permits  of  easy  replacement 
of  the  fuses. 

In  selecting  transformers  for  sub- 
stations, a  chi  lice  must  he  made  between 
three-phase  and  single-phase  units  of 
--cooled,  forced-oil  or 
forced-draft  type.  The  selection  will 
usual!  1  on  the  basis  of  first 

including  spare  equipment,  effi- 
ciency, space  limitations,  weight  to  be 
handled,  availability  of  cooling  water, 
and  cost  of  operation.    For  general  sub- 

m  use,  the  single  phase,  oil-cooled  unit 

will   probably   have    the   widest  application. 

but  consideration  of  the  different  items  just 

mentioned  will  often  lead  to  the  selection  of 

he  other  types  in  particular  cases. 

Modern  substation  design  is  strongly  in 
favor  of  outdoor  installations.  This  applies 
particularly  to  high   tension  equipment,   in- 


Fig.  11      Small  Outdoor  Substation 

outdoor   apparatus   has   been   so   thoroughly 
established  that  no  hesitancy  is  now   I 
recommending  its  use  under  the  most 
climatic  conditions.     Figs.    11   and    12    illus- 
trate typical  outdoor  equipments  for  stations 
of  widely  different  capacities. 


Fig.  12.      Outdoor  Substation  of  Large  Capacity 

Space  limitations  have  permitted  touching 
but  briefly  on  some  of  the  salient  features  of  sub- 
statii  >n  design.  These  and  other  features  must 
be  carefully  consideredby  the  industrial  concern 
which  is  contemplating  the  purchase  of  power 
as  the  selection  of  proper  equipment  for  any 
particular  installation  has  an  important  bear- 
ing on  reliable  and  economical  plant  operation. 
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Load  Equalization 

By  F.  L.  Stone  and  T.  W.  Kennedy 
Power  and  Mining  Engineering  Department,  General  Electric  Company 


T 


'HE  most  efficient 
way  of  handling 
peak  loads,  both  from 
the  power  house  and 
the  consumer's  stand- 
point, has  always  been 
a  serious  problem. 
The  power  house  ques- 
tion is,  "What  shall 
we  charge  for  peaks 
of  short  duration 
above  the  average 
load?"  The  consum- 
er's  question,    "How 

F.  L.  Stone  i  T  a        , 

much  can  I  afford 
to  pay  for  these  peaks'"  In  most  communi- 
ties the  power  rate  is  fixed  by  the  public 
service  commission  and  usually  involves  a 
peak  clause;  this  clause,  however,  may  be 
of  such  a  nature  that  the  instantaneous  peak 
does  not  in  any  way  affect  the  rate. 

For  example,  the  demand  charge  may  be 
based  upon  the  maximum  5  or  10  minute  or 
even  longer  integrated  peak,  and  the  kw-hrs. 
charge  made  in  a  separate  item.  Then 
again,  the  demand  rate  may  be  based  upon 
an  integrated  time  peak  and  the  consumer 
allowed  to  exceed  this  average  for  very  short 
times  by  a  given  amount,  but  any  excess 
of  this  amount,  or   some   portion  of  it,   will 
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be  added  to  the  inte- 
grated peak  to  deter- 
mine the  demand 
charge.  Whenever  in- 
stantaneous peak  is 
referred  to  in  a  power 
contract  the  consumer 
should  be  very  sure 
he  knows  what  the 
nature  of  his  load  is 
to  be,  and  how  this 
instantaneous  peak  is 
going  to  affect  his 
power  bill. 

The  mining  indus- 
try affords  the  best  example  of  variable  loads 
and  poor  load  factor.  The  underground  mine 
load  is  made  up  of  pumps,  ventilating  fans, 
locomotive  haulage,  rope  haulage  hoists,  cut- 
ting machines,  and  various  and  sundry  small 
motors  for  many  uses  differing  in  different 
localities. 

The  surface  load  is  made  up  of  tipple  and 
breaker  machinery  and  occasionally  some 
haulage.  Of  these  loads  the  haulages  and 
hoists  are  very  intermittent  and  usually 
produce  excessive  peaks. 

Fig.  1  shows  a  curve  taken  from  a  24-hour 
chart  of  a  power  house  feeding  a  group  of 
mines.    The  total  connected  horse  power  in 
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pumps  and  fans  a    a  rule  operate  at  a 
01     while    the  haulages 
and  hoists  on  the  other  hand  operate  a 
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Moment  Diagram  Case  II— Conical  Drum  6  ft.  to 
8  ft.— WR:  Rotating  Parts  300,000 
A  =  Moment  up  load,  total 
H  =  Moment  up  car.  cage  and  ore 
C  =  Moment  acceleration 
I)  =  Moment  up  rope 
E  =  Moment  down  rope 
/■  =  Moment  friction 
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//  =  Moment  down  car  and  cage 
/  =  Moment  total  down  side 
U  =  Moment  total  net 
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The  hoists  if  they  arc  of  any  considerable 
size  produce  the  highest  peaks  and  are  the 
most  intermittent  in  service.  For  instance, 
a  hoist  making  three  trips  per  minute  must 
start  and  stop  three  times  per  minute,  tin- 
load  increasing  from  zero  to  as  much  as  double 
load  in  five  seconds,  and  back  to  zero  in  111 
seconds  more. 

There  are  numerous  ways  of  compensating 
for,1  "r  removing  this  peak  from  the  line.  If 
the  peak  is  not  too  excessive,  the  design  of 
the  drum  should  be  given  serious  thought. 
Below  is  shown  the  resulting  duty  cycle  where 
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various   shapes   of   drums    are   used   for   the 
same  production. 

Duty  cycle  in  each  case  made  up  from 
the  following  data: 

Weighl  •>!  coal  hoisted 5000  lb. 

Total  lift 300  ft. 

Weighl  oi  i  age 1 1,000  lb. 

Weighl  of  car    4000  lb. 

Rope 1.25  in. 

Number  i if  trips  per  min ■'! 

Rest  between  trips 1  see. 

Ca  e  l .     Cylindrical  drum. 

Case  2.     Conical  drum. 

Case  3.     Cylindro-conical  drum. 

By  examining  the  moment  diagrams  of 
Figs.  2a,  3a,  and  4a  and  the  horse-power  out- 
put of  the  motor  in  each  of  the  three  eases,  it 
will  be  seen  that  the  accelerating  peak  is  quite 
materially  affected.  Case  1  shows  an  accel- 
eration peak  of  825  h.p.  In  Case  2.  that  of 
a  conical  drum,  the  accelerating  peak  is  re- 
duced to  approximately  700  h.p.;  while  in 
Case  3  we  have  reduced  the  accelerating 
peak  to  approximately  000  h.p. 

The  drum  shape  can  be  of  great  help  in 
many  cases,  but  is  by  no  means  the  answer 
for  all  problems.  Drums  of  odd  shapes  get 
very  heavy  and  thereby  defeat  the  object 
for  which  they  are  intended. 

In  case  the  peak  cannot  be  reduced  suf- 
ficiently by  the  use  of  odd  shaped  drums,  the 
only  solution  left  is  the  utilization  of  some 
device  which  will  store  up  energy  when  the 
demand  is  low  and  give  it  up  when  the  de- 
mand is  high.  There  are  several  means  of 
accomplishing  this  that  arc  known  to  the 
art,  such  as  storage  batteries,  compressed 
air,  etc.,  but  the  most  practical  method 
seems   to    be  the  use  of    a    flywheel. 

The  most  satisfactory  way  of  using  a  fly- 
wheel is  in  combination  with  a  motor-gen- 
erator consisting  of  an  induction  motor  con- 
nected mechanically  to  a  d-c.  generator  and  a 
flywheel.  The  hoist  motor  is  driven  from  the 
d-c.  generator  and  controlled  by  the  well- 
known  Ward-Leonard  control.  The  sec- 
ondary of  the  induction  motor  has  a  variable 
resistance  connected  across  the  collector 
rings  and  controlled  by  the  line  current. 
When  the  current  tends  to  increase  above  a 
predetermined  value  the  resistance  increases, 
tending  to  hold  the  current  constant;  and 
vice  versa,  when  the  current  alls  the  resist- 
ance decreases,  tending  to  keep  up  the  cur- 
rent. This  action  necessitates  a  change  in 
speed  of  the  motor,  and  the  wheel  will  give 
out  energy  and  absorb  energy  as  the  speed 
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do  with  the  matter.  If  the 
cycle  is  rapid,  say  three  trips  per  minute, 
and  the  depth  300  ft.  or  more,  the  Ward- 
Leonard  system  would  be  so  much  more 
economical  in  power  consumption  that  its 
first  cost  in  all  probability  would  be 
warranted  by  the  saving  in  power  consump- 
tion.    Each  case  must  d  separately 
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In  the  approximate  horsepower-time  dia- 
grams, Fig.  5  shows  total  equalization  and 
6  the  approximate  input  to  the  motor 
for  partial  equalization.  The  latter  involves  a 
much  lighter  wheel  and  could  be  accomplished 
by  notchl  »ack  relays  in  place  of  the  liquid  rheo- 
stat or  liquid  slip  regulator  as  it  is  often  called. 

The  question  is  asked  many  times  where 
the  dividing  line  as  to  horse  power  comes 
between   the  ordinary  induction  motor  hoist 


and  in  order  to  arrive  at  a  dependable  answer 
facts  must  be  dealt  with,  not  guesses. 

The  power  rate  must  be  known;  also  the 
depth,  the  load,  the  weight  of  all  moving  parts, 
etc. ;  and  finally  the  other  loads  which  are  to  be 
metered  out  at  the  same  point.  With  these 
facts  at  hand  it  should  not  be  difficult  to 
predict  with  reasonable  accuracy  just  how 
the  power  bill  will  be  affected  by  a  peak  of 
short  duration. 
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Load  Equalization  as  Affecting  Power  Rates 

By  L.  A.  Umanskv 
Power  and  Mining  Engineering  Department,  General  Electric  Company 


TT  is  a  well  recog- 
-*■  nized  fact  that  an 
up-to-date  power  rate 
schedule  should  con- 
sider not  only  the 
integrated  amount  of 
energy  consumed  at 
a  given  service  con- 
nection but  should 
take  into  account  the 
character  of  the  load. 
Quite  evidently  a 
steady  and  constant 
load  of,  say,  500  k\v. 
l.  a.  umansky  for    24    hours   a    day 

requires  less  installed  capacity  at  the  generat- 
ing station  than  an  intermittent  load  of  the 
same  integrated  value  but  which  includes  high 
peak  demands  amounting  to,  say,  1500  kw. 

In  the  case  of  an  isolated  power  plant  a 
load  of  the  latter  character  may  require  a 
large  increase  in  the  installed  generating 
capacity  with  a  respective  increase  in  the 
fixed  capital  charges,  which  can  but  raise  the 
cost  of  electric  power  for  the  producer  and 
therefore  for  the  consumer.  If,  on  the  other 
hand,  a  large  distribution  system  is  considered 
the  heavily  fluctuating  load  at  a  service  con- 
nection increases  the  fixed  charges  not  so 
much  by  requiring  additional  installed  capac- 
ity at  the  generating  plant,  as  by  necessitat- 
ing larger  substations,  feeders,  etc. 

In  either  case  the  customer  should  be 
expected  to  pay  directly  or  indirectly  the  pri- 
mary charge  for  the  "readiness-to-serve"  de- 
termined by  his  maximum  demand,  besides 
paying  for  the  amount  of  energy  actually 
consumed.  The  purpose  of  this  article  is  to 
illustrate  the  magnitude  of  the  extra  charges 
added  to  the  power  bills,  and  the  importance 
to  the  customer  of  using  suitable  means  of 
reducing  his  maximum  demands. 

Although  the  actual  primary  charge  is 
necessarily  higher  in  the  case  of  an  isolated 
plant,  it  is  better  to  illustrate  the  case  as 
applied  to  the  rates  of  a  large  power  system. 
These  rates  are  based  on  average  conditions 
prevailing  in  a  number  of  installations  and  the 
results  thus  obtained  should  therefore  be 
considered  the  more  convincing. 

Mining  companies  which  use  electric  hoists 
comprise  a  large  class  of  customers  that  pay 
penalty  rates  for  high  peaks,  and  thus  it  is 


well  to  take  a  mining  load  cycle  as  a  good 
illustration. 

Fig.  1  gives  an  idea  of  the  typical  load 
curve  drawn  by  the  recording  meter  installed 
by  the  power  company  at  a  mining  service 
conned  inn. 

One  large  eastern  power  company  with 
many  coal  mines  as  customers  defines  its 
rates  in  the  following  manner : 

First  of  all,  the  so-called  "significant  peak, " 
S,  of  a  given  service  connection  is  determined. 
For  this  purpose  a  maximum  five-minute 
average  load  for  the  given  billing  period  is 
selected  from  the  record  chart  of  the  curve- 
drawing  neter.  This  corresponds  to  value 
.4,  Fig.  1.  If  during  the  same  billing  period 
the  actual  maximum  demand  did  not  exceed 
for  any  moment  150  per  cent  of  the  foregoing 
five-minute  average,  then  the  latter  is  con- 
sidered as  the  "significant  peak."  If,  how- 
ever, the  peak  P  exceeded  the  150  per  cent 
limit,  half  of  the  excess  should  be  added  to 
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the  five-minute  average  and  the  total  is  then 
defined  as  the  "significant  peak."  In  other 
words,  whenever  P  is  greater  than  1.5.4: 


5  =  .4  + 


P-1.5A 


kw. 


(1) 


P     4 
S  =  |+^kw. 

In  case  of  lagging  power-factor  (Cos  <£). 
1 


5  = 


Cos4>      \2T4 


kw. 


(2) 


(3) 


It  is  then  assumed  that  the  customer  has 
used  this  power  for  70  hours  a  month,  and  he 
is  charged  for  this  fictitious  amount  of  energy 
at  the  rate  of  six  cents  per  kilowatt-hour. 
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i-   ■•      The 

owatl    hours 

kill  iwatt-hour 

ount  of 

kw-hr.,     is 

cycle    as 
five-minute  aver- 
d  a  maximum  peak  of 
1200  kw.     i 

ermi 

=  '2okw. 

»    70  X 
50,750    kw-hrs.      The    prim. 
will    thru    be,    •■  t-hour- 

meter  readii 

50,750X0.06  =  $3045.00 

In  case  the  mine  operates  at  the  same  ra 

hours  a  day,  or  two  hundri 
month,  the  total  actual  energj   consun 
will     be     500X200  =  100,000     kw-hr.       The 
lary  charge  will  amount  t< i 
(Km.  I  >0)X0.0125  =  $615  60 

The  gro  11  be: 

3045  •  615  6     $3660  60 

If,  oi  ::"  other  hand,  the  maximum  peak 
were  reduced  to  750  kw.,  i.e.,  to  L50  per  cent 
of    tin-    five-minti  lemand,    the 

monthly  bill  calculated  in  the  same  manner 
would  amount  to  only  $2912.50.  This 
ents  a  monthly  saving  of  $748.10,  or  a 
■  Kill  reducl  i<  in  oi  20.5  per  cent. 

Other  power  companies  define  and  cal- 
culate the  primary  charge  in  somewhat  differ- 
ent ways,  but  any  of  the  modern  power  rate 
schedules  ii  applied  to  the  foregoing  example 
will  illustrate  just  as  clearly  how  much  the 
customer  has  to  pay  in  excess  charges  for  not 
applying  some  of  the  numerous  means  of 
reducing  the  load  peaks  The  yearly  saving 
in  the  amount  of  Mils  will  not  only  cover  the 
capital  charge  against  the  load  equalizing 
apparatus,    if    any,    but    in    numerous    cases 


bi    li  n  over  to  represent  a  hand- 
some return  on  the  invested  money. 
When  we  speal  '      [ualization,  v 

arily  mean  a  complete  equalization, 
ting  in  a   constant    input    to   the  power 
apparatui       In  a  good  many  cases  all  that  is 
required  is  the  lowering  of  those  peaks  which 
are   in   excess  of   the   permissible   values,   as 
defined  by  the  power  rate  schedule  or  by  the 
acity  of  the  power  plant.     In 
i    ample  under  discussion,  the  elimiri 
aks  which   do   no'    exceed    150 
cenl    oi    the   maximum    five-minute  a 

■.ill  not  reduce  the  power  Kill  and  can- 

not     therefore     he     considered     as     a     paying 

o  ition  for  the  customer,  as  long  as  the 

hedule  is  unchanged 

For  the  same  reason  any  peak  higher  than 

150  per  cent  value  should  nol   1"    ni  cessarily 

reduced  much  below  the  150  per  cent  mark. 

In  the  case  of  mine  hoist  load,  surprisingly 
gratifying  results  may  be  obtained  by  usin« 
conical  or  cylindro-conical  drums  of  proper 
shape  instead  of  cylindrical  drums.  This 
point  is  well  illustrated  bj  duty  cycle  curves 
nted  in  the  article  by  F.  L.  Stone  and 
T.  \V.  Kennedy  in  this  issue. 

When  these  means  cannot  be  very-  well 
adopted  for  various  reasons,  the  engineers 
can  apply  a  method  using  flywheels  in  con- 
nection with  the  electrical  machinery.  When- 
ever the  load  curve  has  a  periodical  shape, 
that  is.  the  peaks  alternate  regularly  with 
points  of  low  demand,  the  combination  of 
properly  selected  flywheel  masses  with  well 
designed  electrical  equipment  will  give  the 
desired  results.  The  widely  known  flywheel 
motor-generator  sets  are  but  one  of  the  several 
feasible  arrangements  of  that  nature  for  the 
elimination  of  high  peaks. 

The  description  of  the  technical  features  of 
load  equalizing  apparatus  is  outside  the 
scope  of  the  present  article,  but  it  is  quite 
obvious  that  there  is  a  good  economic  reason 
not  to  spare  any  engineering  effort  to  study 
thoroughly  each  individual  problem  and  to 
find  for  each]  a  solution  which  will  give  the 
customer  .the_best  operating  efficiency. 
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Power  Contracts  and  Substations  for  Industrial  Loads 

By  Ernest  Pragst  and  A.  G.  Darling 
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Ernest  Pragst 


rHEREVER  an 
industrial  plant 
is  built  the  engineer, 
entrusted  with  pro- 
viding the  means  f<  >r 
meeting  the  particular 
industry's  power  re- 
quirements, is  invari- 
ably confronted  with 
the  important  ques- 
tion: Shall  we  install 
our  own  generating 
station  or  purchase 
power  from  the  local 
public  utility' 
In  a  great  proportion  of  cases,  particularly 
the  large  power  using  industries,  the  question 
can  not  be  answered  off-hand.  A  compre- 
hensive study  of  the  problem  is  often  required 
and  should  be  welcomed  by  the  utility  seeking 
the  load;  for  to  prosper  in  its  service  to  this 
class  of  customer  the  utility  must  be  in  a 
position  to  render  a  more  reliable  and  cheaper 
service  than  it  is  possible  to  obtain  in  an 
isolated  plant  operated  by  the  industry.  Such 
a  study  usually  involves  an  investigation  to 
ascertain  the  class  of  sendee  the  utility  is  in 
a  position  to  render,  and  the  cost  of  this 
service  to  meet  the  particular  load  require- 
ments of  the  industry.  A  contrast  should 
then  be  made  between  the  cost  of  this  pur- 
chased energy  plus  the  cost  of  operating  a 
low  pressure 'steam  heating  plant  for  process 
and  building  heating  and  the  cost  of  operating 
an  isolated  station  and  heating  plant,  credit- 
ing the  cost  of  power  generation  with  that 
part  of  the  prime  mover  exhaust  steam  which 
it  is  possible  to  utilize  in  the  heating  system. 
Assuming  that  the  results  of  such  an  inves- 
tigation indicate  the  economic  desirability  of 
purchasing  power,  what  are  the  provisions 
that  should  be  made  for  its  receipt  and  dis- 
tribution ? 

Size  of  Substation 

Knowing  the  energy  requirements  of  the 
various  power  using  pieces  of  apparatus 
throughout  the  plant  and  applying  a  diver- 
sity factor  which  experience  in  the  particular 
class  of  industry  suggests,  we  arrive  at  an 
estimate  of  the  possible  peak  load  that  must 
be  provided  for  by  the  power  company  and 
industrial    plant — in    generating    and    trans- 


1 15 
the  former,  and  in 
transportation,  con 
version,  ami  distribu- 
tion capacity  by  the 
latter. 

Experience  with 
1  In  class  of  mi  In  t  rial 
application  leads  us 
to  conclude  that  engi- 
neers responsible  for 
the  design  maj  I" 
more  justly  criticised 
for  a  lack  of  optimism 
in   the  success  of  the  A'  G  Darlmg 

particular  industrial  venture  than  for  any 
degree  of  over  optimism,  which  is  so  often  a 
characteristic  displayed  by  men  engaged  in 
other  activities.  An  initial  installation  should 
not  be  made  simply  to  meet  immediate 
requirements;  rather,  we  should  attempt  to 
anticipate  the  extent  and  nature  of  the  prob- 
able plant  growth  which  is  the  usual  result 
of  successful  operation  and  provide  for  it. 
The  initial  installation  should  provide  ade- 
quately for  the  immediate  plant  activities, 
and  should  be  so  designed  that  extensions 
may  be  made  conveniently  from  time  to  time 
as  demanded  without  having  these  extensions 
handicapped  as  a  result  of  a  near-sighted 
policy  in  the  original  design. 

Power  Contract 

Most  modern  power  contracts  are  based 
upon  furnishing  energy  in  the  form  of  three- 
phase  alternating  current  at  the  standard  dis- 
tribution potential  of  the  central  station.  In 
some  cases  the  customer  owns  and  operates 
the  complete  substation  with  its  transforming 
apparatus,  etc.  In  other  cases  the  power  com- 
pany owns  the  necessary  transforming  appa- 
ratus, and  usually  reaches  an  agreement  with 
the  customer  upon  a  low  tension  potential 
suitable  for  plant  distribution,  thereby  reduc- 
ing the  transformer  capacity  to  a  minimum. 
In  the  former  case  the  metering  of  the  power 
is  usually  done  on  the  high  tension  side  of  the 
substation  transformers,  the  customer  paying 
for  all  transformer  losses;  in  the  latter  case,  it 
is  customary  to  meter  on  the  low  tension  side, 
the  losses  being  borne  by  the  power  company, 
which  must  also  maintain  and  carrv  the  fixed 
charges  on  this  part  of  the  installation  at  the 


Jui  e,  1921 


GENERAL  ELECTRIC   REVIEW 


Vol.  XXIV.  No.  6 


( (bviousl 

in  the 

to  co\  er  this  addi- 

■uld  also  specify 
i  potei  tial  which  it 
l1   the  customer's  sub- 
d    the  maximum  variation   a 
a    which  it  is  undei 
y  will  not  exceed,  pn>\  id 

d  the 
:    which  he  has  contra 

tract  mention 

the  no  actor  of  1  tie  load  during 

times    nt"  customer's   maximum    demand   or 

ig    it,  with   a  graded  penalty 

:  !■ 

mus  for  a  power  factor  exceed- 
ing the  specified  normal.      After  assurin 
of  the  monthly  bill,  th 

er  conl  rad  which 
will  better  pay  th  ompany  than  one 

which  will  ii  customer  to  maintain  a 

high  pi  i  •  during  periods  of  heavy  load. 

The  charge  for  central   station   service   to 
tin-  more  u  i  oi   Loads,  where 

the  n  pen  ate    for  the  mure 

complicated  method  of  metering,  is  now 
usually  based  upon  two  characteristics  of  tin- 
load — the  maximum  demand  and  the  energy 
consumed  during  the  period  for  which  the 
bill    i  ed       The   maximum    demand 

e,  usually  exprei  >ed  in  kilowatts,  is 
based  upon  the  fixed  charges  and  mainte- 
nance of  the  investment  made  by  the  power 

any    in    generating,    transmission,    and 

distrilniiii.ii   apparatus  which  must  be  held, 

maintained  and   operated  by   the  utility  to 

the    power   demand   of   the   industrial 

rgy   charge,   universally  ex- 

d  in  kilowatt-hours,  is  a  charge  based 
upon  the  cost  of  fuel  in  steam  generating 
water  and  water  storage  reservoirs 
it  employed  in  hydro-electric  stations, 
plus  the  in  t  of  handling,  to  supply  the 
requirements  of  the  load.  Sometimes  the 
demand  charge  decreases  with  an  increase 
in   demand,   and  usually  the  energy  charge 

ases  with  an  increase  in  consumption. 
This  method  of  rate  making  has  come  into 

al  favor.  It  is  applicable  to  all  classes 
of  power  service,  with  the  possible  exception 
oi  some  special  forms  of  off-peak  and  seasonal 
types  oi 

Continuity  of  Service 

service  to  an  industrial  cus- 
I    is  essential.      In  certain  industries  an 


interruption  in  service  results  in  only  a  loss 

iinl  labor  during  the  tin 
on;    in    other    industries    such    an 
interruption  would  result,  in  addition  to  this 
loss,  in  a  depreciai        on    en  total  loss  of  the 
material  in  the  process  of  manufacture  at  the 
Naturally,  any  provision  wl 
li  t  icable  to  make  to  assure  any  particular 
continuity  of  service  is  to  a  large 
extent   a  function   of   the   rate   charged   for 
service,    the    investment    involved,    and  the 
I    nf  the  load.      In   a  great   many  cases 
ncome  derived  from  a  given  sen-ice  jus- 
tifies only  the  simplest  form  of  construction — ■ 
a  single  incoming  circuit,  fuses,  transformers, 
and    metering    equipment.      In    other   cases, 
particularly  those  involving  large  important 
it  is  often  possible  to  deliver  and  meter 
the  power  with  some  such  simple  means;  but 
in  such  cases  the    assurance  of  continuity    of 
ervice  is  not  very  great,   particularly  if  the 
line  feeding  the   load  is  long  and  subject  to 
lightning  disturbances.     Very  often  it  is  pos- 
sible, with  the   cooperation  of  the  customer 
to  decrease  the  chance  of  serious  interruption 
;ii   1  .lit  small  additional  expense  fi  >r  equipment, 
by  careful  design,  thereby  avoiding  financial 
loss  to  both  parties  and  the  sacrifice  of  good 
will  and  confidence  of  the  customer. 

It  should  be  remembered  that  in  most 
energy  consuming  industrial  processes,  except 
perhaps  the  electro-chemical  and  electro- 
thermal industries,  where  the  energy  is 
utilized  in  the  form  of  mechanical  power  the 
cost  of  power  represents  but  a  small  part  of 
the  total  cost  of  the  product.  Labor  and 
material  are  the  principal  items.  As  a  rule 
the  i  mwer  cost  does  not  exceed  five  per  cent 
of  the  cost  of  the  product,  and  in  the  majority 
of  cases  it  is,  perhaps,  nearer  two  per  cent. 

When  we  consider  that  the  cost  of  power 
to  most  industries  represents  but  a  small 
part  of  the  cost  of  the  manufactured 
product,  that  is,  but  a  trifle  when  compared 
with  labor,  raw  materials,  fixed  charges,  etc., 
and  that  when  it  fails  production  ceases,  we 
are  forced  to  conclude  that  the  central  station 
must  employ  every  reasonable  means  to 
assure  continuity  of  service,  and  that  the 
industry  can  afford  and  should  pay  an  amount 
sufficient  to  warrant  the  installation  and 
maintenance  of  such  apparatus  as  is  essen- 
tial for  rendering  the  highest  class  of  sen-ice. 

The  selection  of  liberally  designed  appa- 
ratus, duplicate  service  feeders,  adequate 
lightning  protection,  a  properly  chosen  selec- 
tive relay-  scheme,  close  attention  to  design 
and  installation  details,  and  careful  operation 
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and  intelligent  supervision  over  operation  arc 
i  he  essential  factors  for  securing  a  high  stand- 
ard of  service. 

Short-circuit  Currents 

It  is  needless  to  comment  upon  the  mechan- 
ical stresses,  heating,  and  extremely  severe 
duty  generally  which  short  circuits  on  modern 
central  station  systems  impose  upon  circuit 
breakers,  buses,  cables,  etc.,  unless  provision 
is  made  to  limit  their  effects.  The  magnitude 
of  these  possible  short  circuit  currents  is 
usually  limited  to  a  safe  value  by  the  segrega- 
tion of  apparatus,  the  introduction  of 
reactance,  etc. 

The  interests  of  the  power  company  should 
extend  beyond  the  limits  of  the  apparatus 
forming  its  system,  to  include  its  customer's 
plant,  particularly  with  regard  to  the  pos- 
sible effects  of  short  circuits  within  his  sys- 
tem. Very  often  circuit  breakers  have  been  se- 
lected for  industrial  plants  which  wereof  ample 
capacity  to  rupture  any  short  circuit  which 
might  have  occurred  at  the  time  the  installa- 
tion was  originally  made,  but  owing  to  the 
rearrangement  of  the  distribution  system  or  to 
a  rapid  increase  in  central  station  generating 
capacity  the  breakers  have  become  inadequate 
within  a  short  time.  Itis  not  uncommon  tofind 
circuit  breakers  installed  in  industrial  plants 
controlling  circuits  where  the  possible  values 
of  short  circuit  currents  exceed  by  several 
times  the  safe  rupturing  capacity  for  which 
the  circuit  breakers  have  been  designed.  As 
a  rule,  when  the  initial  installation  of  the 
industrial  plant  is  made  the  apparatus  is 
properly  chosen  to  meet  the  requirements 
then  obtaining.  It  is  the  unforeseen  growth  of 
load,  the  rapid  increase  in  capacity  of  generat- 
ing and  distribution  systems  and  lack  of  fore- 
sight that  are  usually  the  causes  of  this  con- 
dition. There  are  cases  where  the  increase  in 
possible  short  circuit  current  has  been  so 
rapid  that  circuit  breakers  which  were  ade- 
quate at  the  time  of  placing  the  order  for 
equipment  were  entirely  inadequate  before 
the  installation  could  be  put  in  operation. 
When  negotiating  a  new  power  contract  with 
an  industry,  a  definite  statement  by  the  engi- 
neers of  the  power  company  to  the  power 
customer  relative  to  the  possible  magnitude 
of  short  circuits  is  highly  desirable.  There 
should  be  a  further  understanding  to  the  effect 
that  the  power  company  will  undertake  to 
limit  the  maximum  possible  short  circuit  cur- 
rent to  a  specified  value  for  a  definite  period  of 
years.  With  such  an  understanding  by  both 
parties, the  installat  on  can  be  carried  out  with 


the  assurance  that  it  will  be  safe  as  regards 
the  effects  of  short  circuits  for  a1  least  the 
period  of  agreement. 

Limiting  the  Maximum  Demand 

The  demand  and  energy  charges  of  a  well 
balanced  power  contract  should  be  such  that 
the  revenue  to  the  power  company  represents 
a  reasonable  return  over  and  above  the  expense 
of  serving  the  customer,  irrespective  of  the 
load-factor  of  the  particular  load.  The 
engineers  of  the  power  company  can  suggest 
means  and  assist  the  customer  in  selecting 
apparatus  and  working  out  methods  of  reduc- 
ing the  demand  without  materially  reducing 
the  per  cent  earnings  of  the  utility  which  may 
result  in  the  further  extension  of  service. 
Any  decrease  in  demand  for  the  same  energy 
consumption  by  a  given  customer  wi.l  result 
in  a  definite  saving  to  the  customer  and  a 
decrease  in  the  cost  of  power  per  unit  of  energy 
consumed.  It  will  not  particularly  lessen  the 
revenue  of  the  power  company,  because  it  will 
make  available  apparatus  and  line  capacity 
for  meeting  the  demand  of  other  customers. 

Power-factor  Correction 

The  credit  to  be  given  power  customers  for 
maintaining  a  power-factor  equal  to  or  higher 
than  the  normal  specified  in  the  power  con- 
tract should  be  ample  to  justify  and  encourage 
any  reasonable  expense  that  the  customer 
might  be  put  to  in  securing  the  higher  power- 
factor.  As  a  rule,  this  high  power-factor  is 
essential  to  the  power  company  only  during 
the  hours  of  heavy  load.  It  is  equally  true 
that  it  might  be  costly  and  inconvenient  to 
the  customer  to  maintain  a  high  power-factor 
during  periods  of  light  load  as  well.  For 
example,  a  customer  might  feel  justified  in 
purchasing  and  operating  a  synchronous  con- 
denser ten  hours  a  day,  six  da\rs  a  week,  in 
which  case  he  would  pay  for  the  power  losses 
of  the  condenser  for  only  60  hours  out  of  a 
possible  168  hours  per  week.  If  the  power 
contract  does  not  specify  the  time  nor  load 
at  which  the  high  power-factor  must  be  main- 
tained it  may  be  inferred  that  it  should  be 
at  all  times.  In  such  case  the  power  company 
must  reimburse  the  customer  for  the  power 
consumed  in  the  corrective  apparatus  based 
upon  its  continuous  operation,  thus  reducing 
the  possible  revenue  unnecessarily  by  the 
amount  which  is  necessary  to  pay  for  the 
energy  losses  of  the  condenser  during  the  off- 
peak  period,  when  its  operation  is  not  essen- 
tial to  proper  voltage  regulation  nor  to  reduc- 
ing; the  reactive  kv-a.  of  the  svstem. 
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ini  than  ran  be  obtained  in  am  other 
manner.  It  must  convince  its  customers  that 
it  is  doing  this;  it  must  seek  and  maintain 
their  good  will,  confidence  and  co-operation. 
It   is  essential   that   the  customer  shall  ap- 

Eact  1  ha1  the  utility  is  rend 
him  a  e  equal  oi  which  he  can  not 

iti  and  that  for  this  utility  to  i  ndure 
it  must  receive  a  fair  compensation  for  the 
service  rendered  Ju  I  as  the  utility  is  depend- 
ent upon  the  success  of  its  customers'  under- 
takings for  its  own  success,  so  also  is  1: 
cess  of  the  customers  of  the  utility  to  some 
i1  linked  with  the  fortune  oi  the  utility, 
ugh  a  spirit  of  close  co-operation  and 
mutual  interest,  mutual  benefit  3  should  accrue 
to  both  parties  to  a  power  contract. 


The  Electric  Melting  Furnace  as  a  Central 
Station  Load 

By  H.  A.  Winne 
Power  and  Fining  Engineering  Department,  General  Electric  Company 


WHEN    eL 
furnaces  for  the 
melting  • 

other  metals  first  came 
into  use,  the  majority 
oi  power  generating 
ci  impanies  were  rather 
afraid  to  take  a  fur- 
nace load  on  their 
ines,  and  this  antip- 
athy still  persists  to  a 
certain  extent.  As  a 
matter  of  fact,  an 
elect  ric  furnace,  when 
properly  installed  and 
operated,  is  usually  a  desirable  type  of  load  for 
a  cenl  ral  stal  ion 

That  the  electric  furnace  has  come  to  stay 
can  l>e  mi  quest  ion,  and  it  is  equally  cer- 
tain  that    the   number  of  furnaces,   and  the 
power  required  to  operate  them  are  going  to 
increase  enormously.     We  have  only  to  con- 
sider  the   phenomena]   strides  made  by  the 
electric  furnace  industry  in  the  past  d< 
e  these  facts  impressed  upon  us. 
Take,  for  example,  the  electric  steel  furnace. 
I  there  were  only  about  ten  electric  steel 
furnaces  in   operation    in   the    United   States, 
and  the  steel  produced  in  them  amounted  to 
29,105  tons.     By  1915  the  number  of  furnaces 
had  increased  to  41.  and   the  production  of 


electric  steel  to  69,412  tons.  In  1917  there 
were  in  operation  some  136  furnaces  produc- 
ing 304,543  tons  of  steel.  By  1919  the  fur- 
naces numbered  2S7,  and  the  output  was 
566,084  tons.  On  January  1.  1921,  356  elec- 
tric steel  furnaces  were  installed  or  contracted 
for  in  the  United  States.  Translating  the 
foregoing  into  terms  of  installed  kilovolt- 
ampere  capacity,  and  yearly  power  consump- 
tion, w^e  have  the  figures  given  in  Table  I. 

TABLE  I 
TOTAL  CAPACITY  AND  POWER  CONSUMP- 
TION  OF   ELECTRIC   STEEL   FURNACES 


Estimated 
Total  Installed 
Kv-a.  Capacity 


Estimated 
Total  Ann«al 
Kw-hr.  Power 
Consumption 


1911 

5,000 

22,0011,01111 

1915 

25,000 

45,000,000 

1917 

100,000 

155,000,000 

1919 

240,000 

260,000,000 

1921 

320,000 

Estimating  from  these  data  as  a  basis. Itt 
seems  reasonable  to  believe  that  in  1925. 
assuming  a  normal  growth,  the  total  trans- 
former capacity  of  electric  steel  furnaces 
installed  will  reach  450,00(1  kv-a..  and  that 
the  power  consumed  by  them  will  total  at 
least  500,000,000  kw-hrs.  annuallv. 
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The  development  of  the  electric  furnace 
for  melting  non-ferrous  metals,  such  as  brass, 
bronze,  cupper,  and  aluminum,  is  still  more 
recent  than  that  of  the  steel  furnace,  but  it 
has  already  outdistanced  its  forerunner  in 
point  of  number  of  furnaces  installed,  al- 
though not  in  total  kilovolt-ampere  capacity, 
nor  in  amount  of  power  consumed.  On  July 
1,  1915,  so  far  as  is  known  to  the  author, 
there  was  no1  a  single  electric  brass  melting 
furnace  installed  in  the  United  States.  On 
March  1.  1920,  there  were  installed  or  con- 
tracted for  26S  electric  furnaces  for  melting 
non-ferrous  metals.  By  .March  I.  1921,  this 
number  had  increased  to409,  with  a  total  trans- 
former capacity  of  approximately  46,000kv-a. 

No  figures  are  available  as  to  the  amount  of 
brass  and  copper  melted  in  electric  furnaces. 
nor  as  to  the  total  power  consumption.    How- 


In   attempting   to  answer   these   questions 

eel    furnace    will    first    be    considered. 

Practically     all     electric     steel     furnaces,     at 

ion  in  this  country,  are  of 

the  arc  type. 

Almost    all   types  of  arc   furnai  i      can  be 

made    for    operation    fr eil  her    single    i  n 

polypha  •  circuits,  bu1  practically  all  steel 
furnaces  now  being  installed  use  polyphase 
power.  In  the  early  days  of  the  electric 
furnace,  a  number  of  single-phase  units  of 
comparatively  small  capacity  were  put  into 
use  and  arc  still  in  service.  On  January  1, 
1921,  there  were  approximately  :!7  single- 
phase  furnaces  installed  or  sold,  as  against 
319  polyphase  units.  Since  January  1,  1918, 
si )  far  as  can  be  learned,  only  five  single-phase 
steel  furnaces  have  been  installed  in  this 
country. 
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irve  Drawing  Wattmeter  Records  of  Power  Inout   to 
.  Electric  Steel  Furnace  (Melting  and  Refining) 
Controlled  by  Automatic  Regulator 


?.      Curve  Drawine  Wattmeter   Record  of  Power  Input 
1500-lb.  Muffled  Arc  Brass  Melting  Furnace 


ever,  with  normal  business  conditions,  the 
1  ii  >n  er  consumed  by  non-ferrous  metal  melt- 
ing furnaces  in  the  present  vear  would  un- 
doubtedly exceed  50,000,000  kw-hr.  The 
amount  of  brass  and  other  alloys  melted  elec- 
trically is  certain  to  increase  with  extreme 
rapidity.  The  economies  and  advantages 
of  the  electric  non-ferrous  furnaces  are  so 
marked  that  their  adoption  by  the  major 
portion  of  the  industry  cannot  be  long  de- 
layed. It  seems  entirely  possible  that  by  1925 
the  annual  power  consumption  of  these  fur- 
naces may  total  350,000,000  kw-hr. 

Here,  then,  including  both  the  steel  and 
brass  furnaces,  is  a  load  which  at  present  has 
a  probable  normal  power  consumption  of 
40(1,0(1(1.0(1(1  kw-hr.  annually,  and  which  by 
191*5  will  have  doubled  this  figure  at  least. 
What  are  the  characteristics  of  this  load' 
How  does  it  compare  with  the  ordinary  power 
load?  Is  it  a  desirable  load  for  a  central 
station' 


The  average  kilovolt-ampere  capacity,  that 
is,  the  transformer  rating  of  the  steel  furnaces 
now  installed,  is  approximately  900  each. 
There  are  some  144  installations  with  a 
capacity  of  1000  kv-a.  or  over  each,  of  which 
15  are  over  "200(1  kv-a.  The  largest  units  are 
of  approximately  3000  kv-a.  each.  This  leaves 
over  200  furnaces  with  capacities  ranging 
from  50  to  999  kv-a.  each.  Furnaces  which 
have  been  installed  in  the  past  two  years  will 
probably  average  somewhat  higher  than  900 
kv-a .  as  the  general  tendency  is  to  increase  the 
ratio  of  transformer  capacity  to  tons  holding 
capacity,  thereby  permitting  a  greater  tonnage 
output  from  a  unit  of  a  given  hearth  capacity. 

Practically  all  polyphase  steel  furnaces  now 
installed  are  equipped  with  some  form  of 
automatic  electrode  regulator.  These  regula- 
tors ordinarily  consist  of  contact-making 
ammeters  which  operate  in  response  to 
variations  in  the  currents  in  the  electrode 
circuits,   and    control    direct -current   motors, 
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■notors 
ngth- 
bg  or 


/  amp.  In  Percent  normal  volts 


Fig.  3.     Characteristics  of  Furnace  Circuit  as  Determined  by 
Amount  of  Reactance 


But,  as  with  all  governing  devices,  the 
disturbance  must  occur  before  the  regu 

can  coi  That  is.  the  regulator  can- 

not foresee  disturbance  h  rut  to  hap- 

pen in  the  furnace,  and  adju 
to  prevent  them.     It  can  only  pull  tin 

out  of  trouble  after  I !  - 
it.      The    reactance    of   the   circuit   must   be 
'led  upon  to  limit  the  value  of  the  cur- 
;  ha1  may  occur  during  the  rm 
down  portion  of  the  operating  cy< 

may  be  due  to  | tal  falling 

■     '  la 

short    circuits,    or   to    establishing    tin 
after  it  has  been  broken  by  the  rapid  mi 
away  of  the  metal.    The  frequency  and  dura- 
tion of  aks  depend  largely  on  the  care 
rator  in  charging  the  furnace. 
If  the  furnace  is  charged  with  heavy  scrap 
■  Ly,  or  with  line  scrap  on  the  bottom  and 
heavy  on  top,  the  fluctuations  will  be  much 
er  a  much  longer 
I  than  if  the  heavy  scrap  is  placed  on 
the  bottom  of  the  furnace,  with  the  light  scrap 
and  turnings   on   top.      During  the  refining 
period,  or  in  furnaces  which  work  so], 
molten  metal,  current  surges  are  very  much 
less  frequent  and  severe  than  during  the  melt- 
ing operation. 

The  percentage  reactance  in  a  furnace  cir- 
cuit will  depend  upon  the  amount  of  react- 
ance inherent  in  the  transformer,  the  arrange- 
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Fig.  4.    Number  of  Electric  Steel  Furnaces  in  the  United  States 


rears 
Electric  Steel  Output  in  Per  Cent  cf  Total  Steel  Output 
of  the  United  States 


of  perfection,  and  no  arc  furnace  which  is  nut 
equipped  with  one  should  be  installed.  It  is 
safe  to  say  that  the  automatic  regulator  has 
done  more  to  make  the  electric  steel  furnace 
1  station  load  than  any  other 
development. 


ment  of  the  conductors  between  transformer 
and  furnace,  the  voltage  and  frequency  at 
which  the  furnace  operates,  the  kilovolt-am- 
pere  capacity  of  the  equipment,  and  the 
reactance  of  external  reactance  coils  if  such  are 
used.    On  very  large,  heavy  current  furnaces 
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ii  is  difficult  to  arrange  the  conductors  to  givi 
sufficiently  low  reactance,  and  external  re- 
actance coils  or  high  reactance  transformers 
are  rarely  necessary.  On  the  other  hand,  in 
units  of  small  capacity,  especially  if  they 
operate  at  comparatively  high  voltages,  high 
reactance  transformers  and  external  reactance 
D  lils  are  often  necessary  to  limit  the  maximum 
surges  to  a  reasonable  percentage  above  nor- 
mal. 

The  most  desirable  amount  of  read  a  mi 
for  a  given  installation  will  depend  upon  local 
conditions.  The  higher  the  ratio  of  the  fur- 
nace load  to  the  total  load  in  the  station  which 
supplies  it,  the  greater  should  be  the  percent- 
age reactance.  However,  it  must  not  be  too 
high,  otherwise  the  operating  power-factor 
will  he  too  low.  Fortunately,  even  with  511 
per  cent  reactance,  which  would  limit  the 
maximum  possible  current  surges  to  twice 
normal,  the  power-factor  at  full  kilovolt-am- 
pere  load  would  be  as  high  as  86  per  cent. 
It  is  not  usually  wise  to  increase  the  react- 
ance purposely  beyond  this  point,  as  it  will 
then  limit  the  maximum  possible  kilowatt 
input  to  a  value  below  the  kilovolt-ampere 
rating  of  the  transformer.  On  the  majority 
of  furnaces  now  in  operation  the  total  reactance 
ranges  from  30  to  50  per  cent,  limiting  the  max- 
imum current  surges  to  from  333  to  200  per 
cent  normal,  and  giving  power-factors  at  normal 
kilovolt-amperes  of  from  95  to  86  per  cent. 

The  operating  cycle  of  a  steel  furnace  varies 
according  to  the  work  being  done.  A  furnace 
used  solely  for  refining  molten  metal  may 
operate  at  practically  constant  load  for  an 
hour  or  two,  followed  by  no  load  during  the 
pouring  and  charging  period.  The  interval 
between  heats  may  be  from  fifteen  minutes 
to  several  hours.  Such  furnaces  are  usually 
operated  day  and  night.  In  furnaces  melting 
cold  scrap  and  refining  the  metal,  the  length 
of  a  heat  varies  from  three  to  six  hours.  Dur- 
ing the  melting  period,  of  from  two  to  four 
hours,  the  rate  of  power  input  usually  averages 
close  to  the  transformer  capacity.  During  the 
refining  period  the  input  may  be  from  one- 
third  to  two-thirds  the  rated  value.  The  time 
between  heats  is  ordinarily  from  30  to  60 
minutes.  If  the  furnace  is  acid  lined,  and  no 
refining  is  attempted,  the  length  of  a  heat  is 
usually  from  one  and  one-half  to  three  hours, 
and  the  power  input  is  usually  held  near  the 
maximum  value  during  almost  the  entire 
heat.  A  large  number  of  melting  furnaces 
are  operated  24  hours  a  day,  but  in  the  smaller 
plants,  such  as  foundries,  they  are  usually 
operated  during  the  daytime  only. 


Comparing  the  electric  steel  furnace  load 
with  an  ordinary  power  load,  it  may  be  stated 
that  the  power-factor  of  the  Eurnao   load  will 

ul  a  i.i  ■'■  at  Ii'.t.i  85  per  cenl .  w  I 
considerably  higher  than  the  overall  power- 
factor  ul  the  ordinary  motor  load.  The  load 
due  to  a  ingle  furnace  is  of  course  intermit- 
tent in  character,  bu1  v\  here  more  than  one 
furnace  is  installed  in  a  plant,  the  heats  can 
usuall]  med  as  to  giv< 

load-factor.     It  is  interesting  to  note  that  of 
the  356  furnaces   now   installed,    151    arc  in 
plants  having  two  or  more  furnao 
number  of  such  plants  totalling  55. 

If  the  furnace  circuit  has  a  reasonable 
amountof  reactance  and  the  furnace  is  properly 
operated,  the  current  surges  can  be  limited 
to  a  comparatively  low  value  and  made  rela- 
tively infrequent.  Of  course,  if  a  melting 
furnace  constitutes  a  large  proportion  of  the 
total  load  on  a  station,  during  the  first  part  of 


Fig.  6.    Electrode  Control  Panels 


the  melting  period  the  fluctuations  art  apt  to 
cause  some  voltage  variation  on  the  system. 
It  is  impossible  to  make  any  rule  as  to  the 
maximum  allowable  ratio  between  furnace 
load  and  total  load  on  a  system,  but  it  would 
seem  desirable  that  the  total  arc  furnace  trans- 
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furnai  an  105  kv-a. 

A  :  umber  <•>   !  ira  single- 

phase   indiri  ire   in   use   a 

rmer  capaci 
from    LOO  to  300  kv-a. 
and  usually  sufficienl    reactance  is  in- 
serted in  the  circuit  to  limit  the  maximum 
possible  current,  with  the  electrodes  together, 
er  three  times  normal.     The  elec- 
trodes  oi  th  be  automatically 

regulated,   with   the  same  type   of  regulator 
used    on    steel    furnaces.      Automatic 
regulation    gives   a   much   mere   satisfactory 
than  hand  operation.     With  automatic 
regula  ■■re  steady — 

the  furnace  is  heated  up  than  during 
the  melting  period  in  the  ordinary  steel  fur- 
nace.     The    load 

nearly  like  those  of  the  steel  furnace  during 
ling  period. 


of   brass    furnao 
muffled  or  smothered  arc  principle  of  heating. 

isfacti tv  as 
built  they  utilize 

;>i)-il>  i  'I  actor  of  the  load 

c  idei      i       '   ■ 
arc  furnace.     Th<    ■  [> 
atically  regulated,  ensuring  . 

load.     The  transformer 

o  kv-a. 

:;   ■    to   too  1    -a    on  a  2250-lb. 

.  melting  fu 
finding  a  lai  imilar 

plants.     These  furnaces  require  singli 

a1    a   power-factor  of  approximately 
<  trdinarily  a  number  of  furnaces 
ed   in  each  plant,  so  that  in  these 
ingle-phase  featui  ;o  ob- 

inable.    Thi  i  <i  I  hese  fur- 

ach,  having  a  max- 
imum output  of  600  lb.  of  brass  per  hour. 
units  being  of  the  induction  type,  at 
a  portion  of  a  charge  of  molten  metal 
»    maintained   in   them. 
equently  some  power  is  required  during 
nights  and  Sundays,  regardless  of  whether  the 
planl   operates  24   hours  a  day.     The 
standby  power  amounts  to  about  15  per  cent 
of  the  rated  full-load  input.     Aside  from  the 
fact   that    they    require   single-phase    power, 
these    furnaces    constitute    a    very    desirable 

>r  central  stations,  as  the  input  is  - 
and  free  from  sur 

From  the  foregoing  it  is  evident  that  the 
electric  brass  furnace  is,  as  a  rule,  an  even 
more  desirable  load  than  the  electric  arc 
furnace.  The  units  are  of  smaller  capacity, 
and  a  greater  number  will  ordinarily  be  in- 
stalled in  a  single  plant  than  is  the  case  with 
steel  furnaces.  This  will  tend  to  give  a  better 
load-factor.  Of  the  409  brass  furnaces  now 
installed,  27S  are  in  a  total  of  44  plants,  each 
of  which  has  two  or  more  units. 

In  conclusion,  it  may  be  stated  that  as  a 
ral  rule  the  electric  melting  furnace  con- 
stitutes an  excellent  load  for  the  ordinary  cen- 
tral station.  This  is  particularly  true  of  the 
brass  melting  furnace,  which  because  of  its 
small  demand  may  be  taken  on  even  com- 
paratively small  systems. 
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Electrically  Heated  Steam  Boilers 

By  Eric  A.  Lof 
Power  and  Mining  Engineering  Department,  General  Electric  Company 
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'HE  generation  of 
steam  by  electric 
current  opens  up  a 
new  industrial  field 
for  the  utilization  of 
electric  power.  Its 
universal  use  is,  how- 
ever, as  yet  impos- 
sible for  economic 
reasons,  but  there  are 
many  special  cases 
where  its  application 
will  result  not  only  in 
a    direct    economical 

Eric  A.  Lof  1      ,  i 

saving  but  also  m 
many  advantages 
from  an  operating  standpoint.  One  particular 
field  where  the  electric  boiler  should  prove 
very  desirable  is  in  connection  with  hydro- 
electric central  stations  where  power  can  as 
a  rule  be  obtained  at  a  com.paratively  low  rate 
and  where  combustible  fuel  is  generally  scarce. 
Other  fields  are  such  industries  that  rely  upon 
central  stations  for  their  power  supply  and 
whose  manufacturing  industries  require  steam 
but  who  desire  to  do  away  with  the  coal  fired 
boiler  installation  and  its  many  unpleasant 
detriments.  When  circumstances  are  such  that 
excess  power  is  available  at  certain  times,  gen- 
erally at  night  and  on  holidays,  the  econom- 
ical advantages  of  an  electric  boiler  plant  are 
apparent;  and  the  possibilities  of  storing  up 
this  surplus  power  or  at  least  part  of  it  as  heat 
in  so-called  vapor-accumulators  offers  many 
new  and  interesting  problems. 

From  the  technical  point  of  view  the  elec- 
tric boiler  problem,  in  general,  does  not  offer 
any  great  difficulties  and  a  large  number  of 
such  boilers  are  now  in  successful  operation 
in  all  parts  of  the  world.  Their  construction 
is  simple;  they  require  very  little  floor  space 
and  are  easy  to  install  on  account  of  the 
absence  of  brick  settings,  stacks,  etc.  The 
large  heat  losses  due  to  the  escape  of  the  hot 
gases  through  the  stacks  with  ordinary  boiler 
installations  are  naturally  eliminated  with 
the  electric  boiler,  the  losses  of  which  com- 
prise only  the  heat  which  is  radiated  to  the 
surrounding  atmosphere.  By  carefully  heat 
insulating  the  boiler  it  is  possible  to  reduce 
these  losses  to  such  an  extent  that  the  effi- 
ciency of  electric  boilers  of  average  size  may 
be  as  high  as  96  to  98  per  cent.    The  operat- 


ing force  can  be  reduced  to  a  minimum,  and 
even  when  the  workmen  are  poorly  qualified 
the  automatic  control  devices  will  insure  that 
the  normal  quantity  of  steam  is  continuously 
obtained  under  even  pressure  and  without 
the  risk  of  dry-boiling  followed  by  the  lia- 
bility of  explosion,  which  here  is  quite  non- 
existent. The  steam  pressure  in  the  boilers 
can  be  raised  very  quickly,  in  certain  cases 
even  within  as  short  a  time  as  ten  minutes 
from  the  moment  the  current  is  switched  on, 
a  fact  of  great  importance  especially  for 
intermittent  working. 

In  connection  with  labor  saving,  it  might 
be  interesting  to  learn  what  has  been  accom- 
plished in  a  large  paper  mill  in  Sweden  where 
the  electric  boiler  installation  consists  of  not 
less  than  seven  2000-kw.  boilers  operating  at 
a  potential  of  10,000  volts  and  a  steam  pres- 
sure of  10  atmospheres:  "In  comparison  with 
our  old  coal  boiler  plant  we  now  save  the 
expense  for  about  1 7  firemen  and  for  all  hands, 
tonnage  and  rolling  stock,  otherwise  required 
for  the  transport,  reloading  and  discharge  of 
coal  and  ashes,  amounting  to  about  65  tons  a 
day.  " 

In  comparing  the  relative  heating  values 

of  fuel  and  electric  heat,  we  have  first  the 

fundamental  conversion  factor  of  one  kilowatt 

hour  equalling  3412  B.t.u.     With  an  electric 

1  toiler  efficiency   of  96   per  cent,   this  figure 

would  then  be  3421X0.96  =  3275  B.t.u.     We 

also  find  from  steam  tables  that  to  raise  the 

temperature  of  one  pound  of  water  from,  say, 

60  deg.  P.  to  212  deg.  F.  and  a  gauge  pressure 

of,  say,  100  lb.  per  square  inch  there  are  re- 

3275 
quired  1 158  B.t.u.     Consequently  —  --  =2.82 

1158 

pounds  of  such  steam  can  be  generated  per 
kilowatt-hour  in  the  electric  boiler. 

Assuming  a  heat  value  of  14,000  B.t.u.  for 
the  fuel  which  would  be  burned  in  the  ordi- 
nary boiler  and  that  the  average  efficiency 
of  these  is  70  per  cent  we  find  that  this  boiler 

will    produce        '   .  X0-70  =  8.5    pounds    of 

steam  per  pound  of  coal.  Previously  we 
found  that  in  the  electric  boiler  2.S2  pounds 
of  steam  would  be  generated  per  kilowatt- 
hour    and  the  ratio  of  evaporation  between 

8  5 

the  two  types  of  boilers  would  be  ^-^  =  3. 

2.82 
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kw-hr  rder  that  th<  cost  for 

heating  should   not  exceed   the 
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equivalent  to  3412  1!  I  .u.  so  that  for  all  prac- 
tical purposes  one  boiler  horse  power  is  equal 
hours  of  electric  energy.      A 
ore   would   be 
rated  1000 kw., a  150-h.p.  boiler  1500  kw..  etc. 
Electric   boilers  may   be   classified   in 

roups:  first,  such  boilers  in  which 
heated  by  means  of  resis; 
mounted  within  the  boiler;  and,  second,  such 
in  which  the  water  itself  comprises  the 
resistance  which  is  heated  when  the  electric 
current  is  passed  directly  through  it  from  elec- 
trodes immersed  in  it. 


Diagram  of  Electrically  Heated  Steam  Boiler  of  the  Metallic  Resistor  Type,  Together  with  Control  Board 
for  Automatically  Maintaining  the  Steam  Pressure 


r 


*L~= 


Fig.  2.     One  of  the  Resistor  Heating  Units  of  the  Boiler  Shown  in  Fig.  1 


necessary  to  obtain  power  at  not  more  than 

r-rz  =  0.0S5  or  less  than  one-tenth  of  a  cent  per 

kilowatt-hour.  Thfe  is,  of  course,  only  possi- 
ble in  localities  where  cheap  hydro-electric 
power  is  available  or  on  the  other  hand,  the 
cost  of  fuel  may  be  so  high  as  to  make  the 
economical  utilization  of  electric  heating  look 
more  favorable.  The  foregoing  figures  refer, 
of  course,  only  to  the  cost  of  fuel  or  power  and 
they  do  not  include  the  operating  and  main- 
tenance charges  which  are  very  much  reduced 
with  the  electric  boiler. 

In  the  rating  of  steam  boilers  by  horse  power , 
one  horse  power  is  equivalent  to  33,480  B.t.u. 
As   previously   stated,   one   kilowatt-hour   is 


Either  direct  or  alternating  current  may  be 
used  with  the  first  named  type  of  boiler  having 
resistance  heating  elements,  as  these  elements 
do  not  come  into  direct  contact  with  the 
water.  With  electrode  boilers,  however,  it  is 
essential  to  use  alternating  current  as  direct 
current  would  have  a  decomposing  effect  on 
the  water. 

There  are,  of  course,  a  variety  of  different 
constructions  employed  for  electric  boilers. 
One  of  the  most  satisfactory  resistance-unit 
boilers  in  this  country  is  the  fire-tube  boiler. 
This  is  admirably  adapted  to  electric  heating 
as  the  heating  units  can  readily  be  inserted 
and  supported  in  the  tubes  and  adequately 
insulated    from    them.      The    heating    units 
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in  these  boilers  are  a  modification  of  those 
which  have  been  used  for  years  in  large  elec- 
tric  resistance  furnaces.  The  unit  consists 
of  a  heavy  ribbon  of  resistance  alloy,  sup- 
ported at  frequent  intervals  by  suitable  insu- 
lators which  are  clamped  to  the  resistor  and 
are  of  such  size  that  the  unit  when  assembled 
will  slide  freely  into  a  boiler  tube. 

The  units  may  be  connected  either  in  series 
or  multiple  and  the  groups  connected  Y  or 
delta,  and  operated  on  standard  voltage  cir- 
cuits such  as  110,  220  or  440  volts,  single- 
phase  or  polyphase,  and  at  any  standard 
frequency.  By  this  grouping  of 
the  circuits  it  is  possible  to  regulate 
the  load  of  the  boiler.  For  exam- 
ple, a  1200-kw.  boiler  may  be 
equipped  with  eight  circuits  of  150 
k\v.  each,  and  each  of  these  circuits 
controlled  by  a  contactor  so  that 
the  load  may  be  connected  or  dis- 
connected in  steps  or  operated  at 
only  part  capacity  so  that  shocks 
to  the  system  may  be  avoided.  As 
to  the  maximum  capacity  for  which 
boilers  of  this  type  may  be  built,  it  is 
obvious  that  the  electrical  features 
are  no  limitations  as  it  is  possible 
to  get  more  heat  into  a  given  boiler 
electrically  than  would  be  possible 
by  fuel  firing.  Re-equipping  old 
fire  tube  boilers  for  electric  opera- 
tion therefore  furnishes  a  ready 
means  for  increasing  the  available 
boiler  capacity.  Fig. . 

The  boilers  can  be  perfectly 
controlled  by  automatic  means, 
using  standard  boiler  room  devices  applied 
in  a  manner  adapted  to  electric  operation, 
and  the  automatic  devices  controlling  both 
the  steam  pressure  and  water  level  may  be 
supplemented  by  positive  devices  which  func- 
tion in  case  the  automatic  devices  fail  for  any 
cause.  The  electric  boilers  are  therefore  abso- 
lutely safe  and  the  insurance  rate  should  be 
very  low. 

The  sketch  shown  in  Fig.  1  shows  an  out- 
line of  a  1500-kw.,  3-phase,  440-volt,  elec- 
trically-heated steam  boiler  with  control 
board  for  automatic  pressure  control,  and 
Fig.  2  shows  one  of  the  heating  units. 

The  second  type  of  boiler  which  is  as  yet 
comparatively  new  in  this  country,  but  which 
is  quite  universally  used  in  Europe,  is  designed 
on  an  entirely  different  principle  than  is 
the  resistance-unit  boiler.  Electrodes,  usually 
of  iron,  are  immersed  directly  in  the  water 
and  the  current  is  led  to  them  through  leads 


which  pass  through  the  boiler  cover  throu  ' 
iteam-tight  insulating  bushings.  The  elec- 
trodes  themselves  are  often  surrounded   bj 

cylindrical  insulating  tubes,  which  assist  the 
circulation  of  the  wain-  past  the  electrode. 
On  account  ot  the  high  resistance  of  the 
water  and  a  suitable  arrangement  of  the  elec- 
trodes, it  is  possible  to  utilize  currents  of  very 
high  voltage  directly.  Several  such  boilers 
are  in  operation  using  an  electrode  voltage 
of  10,000  volts  and  it  is  said  that  twice  this 
voltage  may  be  used  successfully  for  the 
larg ■:'  sizes. 


A  Battery  of  2000-kw.  Steam  Boilers  in  Which  the  Water  Itself 
Compiises  the  Heat  Generating  Resistance 

The  regulation  of  the  steam  production  is 
obtained  by  providing  a  number  of  electrodes 
and  by  arranging  them  in  groups  which  can 
be  cut  in  or  out  of  the  service  as  the  conditions 
may  require.  The  2000-kw.  boilers  shown  in 
Fig.  3  are  thus  provided  with  eighteen  elec- 
trodes in  six  groups  so  that  the  capacity  of 
these  boilers  can  be  controlled  in  steps  of  one- 
sixth  the  capacity  by  means  of  switching  in 
or  out  the  respective  electrode  groups.  A 
closer  regulation  is,  however,  possible  by 
changing  the  composition  of  the  feed  water 
and  thus  its  resistance.  A  feed-water  reser- 
voir is  therefore  provided  with  each  boiler 
installation  into  which  the  water  from  the 
boilers  is  blown  off  when,  through  the  evap- 
oration the  percentage  of  dissolved  salts 
exceeds  a  certain  value.  As  the  salt  content 
increases,  the  resistance  of  the  water  falls  and 
the  current  as  well  as  the  load  will  increase. 
To  bring  about  a  reduction,  it  is  only  neces- 
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team     pressure    is    accomplished    by 
varying     the     wa  in     the     boiler, 

which   means   that    the   water   supply   must 
be    continuous.     The   feed   pump    is    so    ar- 
ranged   that    it    automatical]}'    maintains    a 
irre  ponding    to    I  he    di 

ill  rs  have  been  built  in  capaci- 
p   to    1000  kw.,  and  it  is  claimed  that 
then.'  would  be  no  difficulty  in  building  them 
for  twice  this  capacity. 


Alternating-current  Motors  for  High-speed  Elevators 

I    Matson 
d  Mining  Engineering  Department,  General  Electrk   Compani 


^^^^  'TMIIC  rapid  growth 

suited     in    two    new 
condition        L)  an  in- 

mand;    and,     (2)     a 
l\  increased  land 
value.      The    former 
has     caused     an     in- 
crease in  the  amount 
of  alternating-current 
■  r    used,    on     ac- 
count   of    less  coppei 
being  required  f<  ir  al- 
j.  j  Mauon  alternating-current 

transmission   than  is  required   for  direct-cur- 
rent   transmission.     This   increase  has   been 
made  possible  only  by  the  advent  of  trans- 
rs.      The   latter   of    the    two   conditions 
mentioned    has    resulted    in    increasing    the 
heights  of  all  types  of  buildings,  this  being 
ary   in   order  thai    income  could  keep 
■  a  ed  land  values. 
As  the  heighl  of  a  building  increases,  it  is 
only  reasonable  that  a  change  must  be  mack' 
in  elevator  characteristics.  One  of  two  changes 
may  be  effected:   (1)  the  size  or  number  of 
cars  may   lie  increased,  maintaining  the  car 
speed  at  a  low  value;  or   (2)   the    car  speed 
may  be  increa  :ed  sufficiently  to  maintait 
cars  at  a  relatively  small  number.    The  latter 
is  more  desirable  due  to  the  large  amount  of 
additional  space  thereby  made  available  for 
renting  pur]"  i  i 

Bearing  in  mind  the  large  increase  in  the 
use  of  alternating  current,  as  pointed  out 
it  is  evident  that  it  would  be  very 
desirable  to  utilize,  alternating  current  through- 
out any  new  buildings  to  be  erected.  This 
would  insure  the  building  owner  the  lowest 


possible    power   bills    inasmuch    as   he   could 

purcha  i  ower  at  a  very  low  i  i 

of  taking  all  of  it  at   the  higher  transmission 

e  and  stepping  it  down  for  his  own  di 
tribution.     One  of  the  primary  applici 
for  electric  power  in  the  building  will  b 
elevators,   and    it    is    the  author's  desire    to 
explain  methods  for  utilizing  alternating  cur- 
rent for  this  type  of  service.     In  doing  this, 
the  field  will  be  divided  into  three  classes: 

Mi   Passenger  elevators  up  to   175  f1 
minute  and  freight  elevators  up  to  about  100 
ft.  per  minute. 

(2)  Passenger  elevators  from  17.")  to  300 
ft.  per  minute  and  freight  elevators  from  100 
to  200  ft.  per  minute. 

(3)  Passenger  elevators  from  300  to  500 
ft.  per  minute  and  freight  elevators  from  200 
ti '  350  ft.  per  minute. 

It  has  been  long  recognized  that  for  the 
first  type  of  service,  namely  passenger  eleva- 
tors up  to  175  ft.  per  minute  and  freight 
elevators  up  to  100  ft.  per  minute,  the  single- 
speed  induction  motor  is  adaptable.  Either 
a  slip-ring  or  squirrel-cage  type  motor  can  be 
used,  but  it  should  be  pointed  out  that  a 
squirrel-cage  motor  is  smaller  in  size  and 
much  cheaper  than  is  a  slip-ring  motor.  In 
building  squirrel-cage  motors  for  this  service, 
a  high-resistance  rotor  is  employed  so  as  to 
insure  maximum  torque  at  starting  as  well  as 
a  minimum  starting  current.  This  type  of 
motor  is,  therefore,  adaptable  for  throwing 
directly  across  the  line  without  exceeding  the 
momentary  inrush  currents  as  suggested  by 
the  X.E.L.A.  rules.  A  squirrel-cage  motor 
develops  approximately  20  per  cent  more 
torque  than  does  a  slip-ring  motor  built  in  the 
same  frame.     It  is  also  simpler,  has  a  smaller 
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moment    of  inertia,   and  is  of  more   rug 
construction  than  the  corresponding  slip-ring 
motor. 

For   the  second   class  of   service,   namely, 
enger  elevators  from   175  to  300  It.  per 
minute  and  freight  elevators  from  LOO  to  200 
minute,  a  definite  low  speed  for  making 
an  accurate  landing  at  floors  must  be  provided 
( in  account  of  this  feature,  it  has  been  deemed 
advisable  until  just  recently  to  supply  direct- 
current   adjustable-speed  motors  and  to  use 
otor-generator  set  or  synchronous  con- 
verter  for  changing  from  alternating-current 
to  direct-current  power.     It  is  now,  however, 
a  proved  fact  that  two-speed  alternating-cur- 
rent motors  arc  very  satisfactorily  adapted  to 
tins  type  of  service. 

In  order  to  secure  as  rugged  and  cheap  a 
motor  as  possible,  the  squirrel-cage  type  of 


.\  ith  the  primary  at  the  instant  of  <  I 
ing  connections,  the  effect  being  to  smooth  out 
the  deceleration  After  a  given  time  interval, 
thisre  i  ance  tiorl  circuited  and  the  motor 
is  directly  across  the  line  This  gives  a  slow 
down  to  approximately  one-half  full-load  speed 
in.  1.  \-  hen  used  with  thecal  peeds mentioned, 
an  accurate  landing  ran  be  made. 

In  order  to  i  un  ati  Eacfc  >r  accelerating 
characteristics,  the  low-speed  connection  is 
tarting  torqueof  250pero  til 
full-load  running  torque  and  the  high-speed  ci  m- 
nection  has  a  starting  torqueof  200]  >envnt  full- 
load  running  torque.  In  starting  two  current 
peaks  are  experienced,  the  first  when  connect- 
ing at  low  speed  to  the  line  and  the  second 
when  changing  from  the  low  to  the  high-speed 
connection.  The  latter  is  the  more  severe  and 
gives  a  momentary  current  peak  of  from  260 


Motor  Characteristics 


Single-speed. 

Squirrel-cage 

Motor 


Starting  torque  -  lb-ft.  at  1-ft.  radius 

Full-load  torque  (40  per  cent   starting  torque) 

Synchronous  speed    r.p.m 

Full-load  speed   r.p.m 

Average  load  speed   r.p.m.  

Starting  current  amperes 

Lb-ft.  starting  torque  ,        „  , 

: - —    (sec    I  as.'    .1  

starting  current 

Lb-ft.  starting  torque w,   ,,  ,       ,  ,        ^         „, 

: -  Xfull-load  r.p.m.  (see  Case  B) 

starting  current 

Lb-ft.  starting  torque  w         ,      ,  .        „         „■, 

; - — Xav.  load  r.p.m.  (see  C  ase  C; 

starting  current 

Rotor  moment  of  inertia.   Lb-ft.'-' 

Kilowatt-seconds  consumed   in   friction   brake   when  stopping 

from  synchronous  speed 


41(1 
164 
900 
712 
872 
220 


1330 

1630 

35 
6.5 


1  Hi 
176 
900 
855 
893 
215 


175(1 

1  SI'S 


2:1  Two-speed 

Squirrel-cage 

Motor 


520 
208 

nun   150 
722 
87.3 
245 


2.12 


1525 
1850 


motor  has  been  thoroughly  investigated  and 
one  developed  which  has  a  speed  ratio  of  2:1. 
This  motor  has  a  single  winding  in  the  primary 
and  a  single  high-resistance  rotor  winding.  The 
motor  speed  is  changed  by  means  of  an  exter- 
nal pole-changing  switch  which  connects  the 
motor  at  either  speed  directly  across  the  line. 
The  simplest  control  as  well  as  the  simplest 
and  most  rugged  type  of  motor  is  thus  insured. 
The  low-speed  connection  is  used  only  during 
starting  and  stopping.  On  starting  the 
elevator,  the  motor  is  first  connected  to  the 
line  at  low  speed.  After  accelerating  to 
approximately  full  speed  for  this  connection, 
the  number  of  poles  is  changed  by  the  pole- 
changing  switch,  the  motor  then  accelerating 
to  its  full-rated  speed.  On  stopping,  the 
motor  connections  are  changed  in  the  reverse 
order.      A  block  of  resistance  is  inserted  in 


to  270  per  cent  of  full-load  current.  A  well 
damped  ammeter  would  read  75  per  cent  of 
this  or  would  indicate  a  current  at  throw-over 
of  from  195  to  20.':!  per  cent  full-load  current. 
Thus  the  starting  currents  on  this  type  of 
motor  are  well  within  the  limits  as  suggested 
by  the  N.E.L.A.  covering  the  throwing  of 
squirrel-cage  motors  on  the  line. 

Table  I  shows  the  comparative  characteris- 
tics of  the  single-speed  squirrel-cage  motor, 
the  single-winding  2:1  squirrel-cage  motor  and 
a  single-speed  slip-ring  motor.  The  relative 
merits  of  these  motors  will  be  considered  in 
three  ways : 

Case  ,4,  assuming  the  same  gear  ratio 
regardless  of  motor  speed.  This  comparison 
is  shown  by  the  ratio 

lb-ft.  starting  torque 
starting  current 
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This  corn- 
ratio 

<r.p,n.  at  full  load 

■     itor  ti    :" 

day.    This  com- 
by  the  ratio 

■  r.p.m.  at  averag 
irrent 

d  is  assumed 

It    lias  been   assumed   thai 
umed  by  each  type  of  motor 
rting  and  stopping,  and  no  allowance 
more  accurate  landing 
which  results  with  the  2:1  motor.  If  all'  ■ 

■Made  for  accuracy  of  landing  at  floors, 
mid  show  up  better  than  the 
tios     of     car    mileage     now 

In  all  comparisons,  the  starting  torqu* 

assumed   to  be   -  al    full-load 

running    torque.      The    slip-ring    motor    dis- 

1  has  a  low  density  and  would  be  the 
type  recommended  when  a  slip-ring  mi 
desired  for  a  high-grade  passenger  elevator. 
In  these  comparisons  the  larger  the  various 
ratios  are  the  better  the  motor  for  this  type 
ice. 
This  comparison  shows  the  2:1  two-speed 
squirrel-cage  motor  to  be  best  when  all  three 
motor  1  the  same  or  when  they  are 

all  geared  to  give  the  same  car-miles  per  day. 

'ip-ring  motor  shows  up  best  when  all 
are  geared  to  give  the  same  car  speed  at  full 
load.  If  this  latter  method  of  gearing  were 
used,  however,  both  types  of  squirrel-cage 
motors  would  give  a  higher  value  of  car-miles 
than  would  the  slip-ring  motor,  due  to  the 

•■  variation  in  motor  speed  obtainable 
with  the  squirrel-cage  motors  than  with  the 
slip-ring  motor  between  full  load  and  average 
load  This    comparison    again 

accuracy  of  landing.  If  this  were 
considered,  the  single-speed  motors,  of  both 
the  slip-ring  and  squirrel-cage  type,  would 
show  a  reduction  in  car-miles  per  day  on 
account  of  the  time  lost  in  jogging  at  landings, 
while  the  2:1  squirrel-cage  motor  would 
remain  unchanged  as  its  low-speed  connection 
gives  a  definite  low  speed  from  which  an 
accurate  landing  can  be  made.  The  2:1  motor 
should  make  from  15  to  30  per  cent  more  car- 
miles  per  day  than  will  the  slip-ring  motor, 
assuming  both  elevators  are  discharging  and 


ing  passengers  the  same  amount  of  time 
durinj 

The  single-speed  squirrel-cage  motor  si 
up  poorest  in  all  cases  except  when  flywheel 
-  are  considered,  which  shows  this  type 
of  motor  to  be  best.      Also  the  squirrel-cage 
single-speed  motorrequiresless  frictionbraking 
than  d<  >es  theslij  i-ring motor;  but  on  account  of 
the  slowing  down  for  landings  being  electrically 
accomplished  with  the  2:1  squirrel-cage  motor 
•  ven  less  friction  braking  tha- 
luirrel-cage  single-speed  motor. 
The  foregoing  discussion  shows  the 
importance  attached  to  selecting  the  : 
method    of    gearing.      This    feature    should 
always  be  carefully  considered  and  the  fact 
be   kept   in   mind,    that   passenger  elevators 
carry  maximum  load  only  about  one  hour  per 
day    and    freight    elevators    carry   maximum 
load  very  infrequently.     It  therefore  appears 
lie  proper  way  to  gear  is  for  rated  car 
at  average  loads,  as  this  not  only 
test  speed  regulation  but  also  the  best 
motor  application. 

Many  writers  have  pointed  out  the  power 
by  using  an  adjustable-speed  instead 
of  a  single-speed  direct-current  motor  on 
elevator  service.  For  like  reasons,  the  2:1 
squirrel-cage  motor  takes  less  power  than  a 
single-speed  motor.  This  saving  results  from 
two  causes: 

(1)  Due  to  the  low-speed  connection 
requiring  only  one-half  the  power  of  the 
high-speed  connection.  As  operation  up  to 
half  speed  and  all  jogging  is  done  on  the  low- 
speed  connection,  a  saving  in  power  results. 
This  is  shown  in  Fig.  1  bv  the  areas  marked 
"A." 

(2)  With  a  2:1  motor  some  power  is  re- 
turned to  the  line  by  the  low-speed  connection 
during  slow  down  to  low  speed.  This  is  shown 
by  area  "B"  in  Fig.  1. 

A-  any  elevator  makes  from  100  to  300 
stops  per  car-mile  the  advantage  of  these 
savings  in  power  is  apparent. 

For  the  third  class  of  service,  namely,  pas- 
senger elevators  from  300  to  500  ft.  per 
minute  and  freight  elevators  from  200  to  300 
ft.  per  minute,  a  motor  having  a  speed  ratio 
of  3:1  is  required  to  insure  a  sufficiently  low 
speed  for  accurate  stopping  at  floors,  as  well  as 
to  permit  friction  brakes  of  feasible  size  to  be 
used. 

Three  general  types  of  motors  may  be  con- 
sidered for  this  sen-ice: 

(1)  A  two-speed  slip-ring  motor  having 
1 1  >le  set  of  primary  and  a  double  set  of 
secondary  windings. 
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(2)  A  squirrel-cage  motor  having  two 
primary  and  one  secondary  winding. 

(3)  A  double  motor  set  consisting  of  a 
slip-ring  and  squirrel-cage  motor  mounted  on 
the  same  shaft  and  within  the  same  support- 
ing frame.  This  design  is  in  reality  two  motors 
in  the  same  frame  since  the  squirrel-cage  and 
slip-ring  motors  each  have  their  own  magnetic 
field  and  do  not  have  any  electrical  or  mag- 
netic connections  to  each  other. 
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Fig.  1.     Elevator  Duty  Cycle  Curve.      Shaded  Area 

represents  power  saved,  and  Area  B  power  returned 

to  line,  by  a  2:1  squirrel-cage  motor 


The3 :1  slip-ring  motor  justdiscussed  has  the 
following  disadvantages : 

(1)  A  motor  of  large  diameter  is  required 
on  account  of  the  double  primary  and  second- 
ary windings  used.  This  increases  the  moment 
of  inertia  of  the  rotor  which  causes  increased 
power  consumption  and  motor  heating  during 
acceleration. 

(2)  Cooling  is  hindered  by  each  winding 
having  to  radiate  heat  through  the  other. 

(3)  In  case  of  an  inner  coil  burning  out, 
both  windings  must  be  removed  in  order  to 
repair  the  motor. 

(4)  When  either  winding  is  connected  to 
the  line  some  of  the  iron  is  not  in  use.  This 
results  in  a  machine  having  a  relatively  poor 
power-factor  and  efficiency. 

The  squirrel-cage  motor  having  double 
nrimary  windings  has  the  same  four  dis- 
advantages as  the  3:1  slip-ring  motor.  It 
should,  however,  be  pointed  out  that  the 
heating  of  the  squirrel-cage  motor  is  even 
worse  than  discussed  under  objection  (2),  on 
account  of  the  losses  at  starting  being  all 
inside  the  motor  while  with  the  slip-ring  motor 


[erable  of  thelo    i    an  dissipated  b 
resistor.    On  account  of  this  heating  condil  ii  n 
during   starting,   the   squirrel-cage    motor    i 
not  sa  for  \  ery  high  speed  pa: 

elevator:  where  a  greal  many  starts  are  mad< 
per  day.    The  squirrel-cage  3:1  motor  may  be 
very  wisely  used  on  freight  elevators  where  a 
large  speed  ratio  is  desired  bu1  relative! 
starts  are  made 

The  double  motor  set   described  has  been 
developed,  keeping  all  the  foregoing  objection 
in  mind  with  the  following  results: 

(1)  This  type  of  motor  is  easily  repaired 
inasmuch  as  each  winding  is  at  all  times  a<  ce 
sible. 

(2)  The  heating  of  the  low-speed  motor 
is  greatly  lessened,  due  to  its  being  ventilated 
by  the  windage  set  up  by  the  high-speed  wind- 
ing when  in  operation. 

(3)  Neither  winding  must  radiate  heat 
through  the  other,  thus  the  cooling  effeel  is 
greatly  increased. 

(4)  Instead  of  making  a  large  diameter 
unit,  the  machine  is  kept  narrow  and  long  as 
one  winding  is  not  on  top  of  the  other.  This 
results  in  a  greatly  decreased  value  of  the 
moment  of  inertia;  also,  since  each  winding 
has  its  own  iron,  the  iron  is  more  efficiently 
utilized  giving  a  motor  having  much  better 
electrical  characteristics  than  results  when 
superimposed  windings  are  employed. 

The  double  motor  set  may  be  started  by 
either  throwing  both  the  squirrel-cage  and  slip- 
ring  motor,  with  resistance  in  circuit,  on  the 
line  or  by  throwing  the  squirrel-cage  motor 
only  on  the  line.  In  case  a  load  of  twice  the 
elevator  capacity  is  to  be  handled,  this  type  of 
motor  could  be  used  by  connecting  both  motor 
windings  to  the  line,  the  slip-ring  motor  hav- 
ing a  block  of  resistance  in  circuit.  A  hoisting 
speed  of  approximately  one-third  full-load 
speed  would  result.  A  switch  could  be 
mounted  on  the  switchboard  to  permit  these 
motors  to  operate  in  parallel.  This  increased 
capacity  which  is  often  desired  is  sometimes 
taken  care  of  by  the  use  of  a  changed  gear 
ratio.  This  method  is,  however,  expensive  and 
also  is  rather  difficult  as  either  gears  or  pinions 
must  be  changed. 

In  conclusion,  it  might  be  stated  that  the 
increase  in  elevator  speeds  will  make  two- 
speed  elevator motorsmandatory,  and  from  the 
advancement  already  made  it  seems  certain 
that  we  are  just  entering  upon  another  large 
field  of  induction  motor  application. 
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Electrochemical  Industries 
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exclusively,  chiefly  on 

and  distribution 

when  dealing  with  heavy  cur: 

of  the  imp  inches  of  electro- 

chemistry  is   electrometallurgy,   and  in  the 
rothermic  applications 
eadily  growing  importance,  such  as  the 
smelting,    melting    and    refining    of    various 
metals  and  alloys.    The  first  electric  furnaces 
for  melting  and  refining  steel  were  installed 
1904  and  for  a  long  time  were  regarded 
with    contempt,    and    only    as    a    labor 


by  nearly  all  steel   makers,   crucible 
and  o]  alike.     Slowly 

iday  we 

Mii  65  tons,  and  double  this 
ity  with  six 

ear  future.     For  all  practical  pui 

ile    steel,    and    for    ordinal" 

ric  fur- 
and  most   of  the 
ordinary  commercial  ca 

furnace  was  developed  and 
age  expansio  furnaces,  in 

all  types,  has  far  outstripped  that  of  th< 
furnaces.  Electric  furnaces  for  cast  and  malle- 
able iron  ha  low  in  application,  but 
developments  are  under  way  and  may  si 
d  to  become  a  factor  in  this  line. 
With  this  idea  in  mind,  we  recognize  another 
ification  where  the  entire  industry  is  based 
on  the  process,  or  the  opposite  condition  where 
the  process  is  a  subordinate  part  and  simply 
supplies  a  purified  product  as  raw  or  finished 
material.      In  both  cases  the  cost  of  power  is 
an  important  factor;  in  the  former,  where  a 
r  plant  has  not  been  built  as  an  integral 
part  of  the  industry,  power  is  purchased  in 
large  blocks  at  a  flat  rate  per  h<  >rse-]  lower  year, 
and  in  the  latter  it  is  generally  purchased  by 
the  kilowatt-hour  from  the  central  station. 

Many  examples  of  the  first  case  immediately 
occur  to  the  reader,  such  as  the  manufac- 
ture of  nitrates  and  nitrites,  caustic  soda, 
aluminum,  zinc,  ferro-alloys,  calcium  carbide 
and  cyanamid,  etc.,  while  the  production  by 


table  i 
electrochemical  products 


Electrothermic  Products 


Electrolytic  Products 


Main                                                 Subordinate                                                  Main 

Subordinate 

Alundum                                        Barium  Oxide 

Calcium  Carbri.-                            Melting  and 

Calcium  Cyanamid                          refining  of 

Carbon  Bisulphide                           various  metals 

Ferro-alloys                                       and  alloys 

Graphite 

Iron 

N'itric  Acid 

Phosphorous 

Aluminum 

Caustic  Soda 

Iron 

Lead 

Magnesium 

Chlorine 

Hydrogen 

Oxygen 

Refining  of  Metals 
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electrolysis  of  oxygen  and  hydrogen  for  cut- 
ting and  other  uses,  and  of  chlorine  and  allied 
products  in  the  paper  industry,  etc.,  are 
examples  of  the  second  case.  It  is  evident 
that  the  secondary  applications  are  relatively 
insignificant  from  the  standpoint  of  total 
energy  consumption,  but  these 
products  have  become  indis- 
pensable and  the  manufacture 
of  the  apparatus  for  their  pro- 
duction is  the  basis  of  industries 
of  steadily  growing  importance. 

Instances  will  be  found  where 
an  entire  plant  will  be  engaged 
in  the  manufacture  of  a  single 
product  in  a  given  location, 
while  at  a  short  distance  the 
same  product  will  be  man- 
ufactured on  a  much  smaller 
scale  as  a  necessary  adjunct  to 
other  major  processes.  The 
explanation  is  that  in  the 
second  case,  while  the  cost  will 
be  somewhat  higher,  the  con- 
trol of  all  factors  entering  into 
the  manufacture  of  the  prin- 
cipal product  will  more  than 
compensate  for  the  slight  dif- 
ference in  cost. 

Table  I  shows  one  method  of  dividing  the 
various  applications,  although  it  is  obvious 
that  other  arrangements  might  be  used,  such 
as  a  classification  according  to  power  supply- 
direct  or  alternating  current,   continuous  or 


interrnil  ten!  cycle,  single  or  polyphase  current, 
high  or  low  power  and  load  factors,  etc. 

This  classification  shows  products  that  can 
be  made  l>\  non-electric  processes,  ami  omits 
unusual  or  subsidiary  products  that  are  of 
importance  but   need   nol    be   included    here 


Fig.  1.     Nitrogen  Fn 


Development  at  Rjukan,  Norway 


In  this  Substation  are  four  General  Electric  Synchronous  Converters,  each 
upplying  13,000  amperes  at  525  volts  for  the  electrolytic  production  of 
A  fifth  unit  has  later  been  added,  making  the  total 
capacity  of  this  station  65,000  amperes 


for  various  reasons,  the  main  idea  being  to 

show    the    range    of    electrochemistry    as    it 

affects  our  industrial  life 

In  Table  II  some  of  the  more  important 

products  are  listed,  with  approximate  energy 
consumption  required  for  their 
production  from  which,  assum- 
ing power  to  be  furnished  at 
$20  per  horse  power  year,  we 
can  derive  the  percentage  cost 
of  the  power  to  the  market 
price  of  the  product.  Obvi- 
ously power  at  this  low  figure 
can  be  obtained  in  only  a  few 
localities,  but  the  same  figure 
is  used  throughout  in  order  to 
obtain  a  basis  of  comparison. 

Table  III  is  given  covering 
the  melting  and  refining  of  a 
few  metals  and  alloys  because 
of  the  increasing  use  of  the 
electric  furnace  for  this  pur- 
pose and  public  interest  therein. 
The  cost  of  power  is  figured 
at  2  cts.  per  kw-hr.,  as  being 
representative  of  average  prac- 
tice and  therefore  the  per- 
centages are  more  in  accord 
with  actual  practice. 
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bauxite,  is  mixed  with  coke,  which  reduces  the 
of  ir<>n.  silicon  and  titanium,  and  these 
liminated. 

Barium  Oxide 

In  the  manufacture  of  sugar,  barium  oxide 
is  becoming  of  increasing  importance  and  is 
made  from  a  mixture  of  barium  carbonate  and 
coke  in  the  electric  furnace,  using  direct-cur- 
rent energy.  This  is  one  of  the  exceptional 
cases  where  direct-current  energy  is  used  in 
lectric  furnace  and  it  is  claimed  that 
part  oi  e  to  electrolysis. 


TABLE  II 
ELECTROCHEMICAL   PRODUCTION   OF   VARIOUS   MATERIALS 


Alui 

rial 

Process 

Kw-hr. 
Per  Ton 

'Present 
Market  Price 

of  Product 

Cost  of  Power 
Per  Ton 

Per  Cent  Cost 
of  Power  to 
Market  Price 

linum 

p  ilytic 

30,000 

$90.00 

15.8 

Alundum 

Electrothermic 

2,000 

60 

6.00 

10. 

Barium  1 

■rothermic 

* 

3.60 

* 

)am 

Electrolytic 

2,500 

2,200 

7.50 

3.4 

Calcium  Car' 

Electrothermic 

4,000 

80 

12.00 

15. 

Calcium  Cyanamid 

Electrothermic 

300 

11.25 

3.75 

Carbon  Bisulphide 

•rothermic 

850 

160 

2.55 

1.6 

Carborundum 

Electrothermic 

8,500 

* 

25.50 

* 

Caustic  Soda  2000  lb.   1 
Chlorine  1760  lb.            J 

Electrolytic 

3,000 

/    72  1 
\220  / 

90.00 

30.8 

Copper 

Electrolytic  Refining 

300 

240 

.90 

.38 

Copper 

Electrolytic 

2,600 

240 

• 

3.25 

Ferro-Chromium  (60 

Electrothermic 

8,000 

180 

24.00 

13.3 

• 

Manganese  (76%) 

Electrothermic 

5,000 

90 

15.00 

16.6 

' 

Molybd 

Electrothermic 

8,400 

3,000 

25.20 

.84 

' 

Silicon 

Electrothermic 

5,000 

80 

18.00 

22.5 

' 

Silicon  '  ,  V  , 

Electrothermic 

10,000 

135 

30.00 

22.2 

■ 

Tun;j 

Electrothermic 

7,600 

700 

22.80 

3.25 

' 

Uranium   (40 

Electrothermic 

8,000 

4,800 

24.00 

.5 

"    Vanadium  (::." 

Electrothermic 

6.S00 

3,500 

20.40 

.58 

Graphite 

Electrothermic 

7,800 

200 

23.40 

11.70 

Iron 

Electrothermic 

* 

* 

Iron 

Electrolytic 

4,000 

* 

12.00 

* 

Lead 

Electrolytic  Refining 

145 

70 

4.35 

6.2 

Magnesium 

Electrolytic 

27,000 

2,500 

81.00 

3.24 

Nitric  A 

Electrothermic 

17,500 

* 

52.50 

* 

Phosphorous 

Electrothermic 

12,000 

720 

36.00 

5. 

Potassium  Chlorate 

Electrolytic 

1,350 

150 

4.05 

2.7 

Sodium 

Electrolytic 

20,000 

400 

60.00 

15. 

Sodium  Chlorate 

Electrolytic 

7,000 

170 

21.00 

12.S 

Tin 

Electrolytic  Refining 

17.", 
4,000 

570 

.525 

.09 

Zinc 

Electrolytic 

120 

12.00 

10. 

1  Figures  not  available. 


required,  it  is  necessary  that  the  industry  con- 
trol the  power  supply,  and  in  practically  all 
cases  the  power  developments  have  been  made 
by  the  manufacturer. 

Alundum 

This  material   is  made  by  fusing  alumina 

(aluminum  oxide)  in  the  electric  furnace  and 

lal  product  is  used  for  various  purposes, 

principally  abrasives.    Impure  alumina,  called 


Cadmium 

This  unusual  metal  is  obtained  by  elec- 
trolysis of  the  condensation  products  from 
lead  and  copper  furnaces. 

Calcium  Carbide  and  Cyanamid 

As  a  source  of  acetylene  and  as  a  starting 
point  for  the  manufacture  of  calcium  cyan- 
amid and  many  other  materials,  calcium  car- 
bide is  an  important  substance. 
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It  is  usually  mack-  from  a  mixture  of  cuke 
and  lime  in  an  open  top  polyphase  electric 
furnace  of  very  large  capacity.  In  Fig.  1  is 
reproduced  a  24-hour  chart  of  the  power 
input  to  such  a  furnace,  the  automatic  regu- 
lator maintaining  the  power  input  within  one 


Fig.  3.  Chart  Indicating  the  Desirable  Load  of  Large  Electric 
Furnaces.  It  is  a  24-hour  load  chart  from  a  large  calcium 
carbide  furnace,  the  current  being  controlled  within  one  per 
cent  by  a  General  Electric  automatic  electrode  regulator 


Fig.  4.  A  24-houi  Chart  from  a  1500-kw.  Ferro-alloy  Furnace, 
Controlled  by  General  Electric  Automatic  Electrode  Regu- 
lator. On  account  of  the  nature  of  the  alloy,  the  load  fluc- 
tuated somewhat  but  the  load-factor  was  96.2  per  cent 


per  cent.  With  such  an  ideal  load  it  is  not 
surprising  that  the  load  factor  approximates 
very  closely  100  per  cent.  The  well  known 
process  of  crushing  the  calcium  carbide  and 
treating  with  nitrogen  to  form  calcium  cyan- 
amid,  having  a  nitrogen  content  of  approxi- 
mately 20  per  cent,  is  too  well  known  to  require 


furthei  discussion  here  or  comment  on  il 
portance  as  a  source  of  artificial  fertilizer. 

Carbon  Bisulphide 

This  material  which  finds  many  importanl 
applications  in  the  arts  is  made  1>\  the  dired 
combination  of  sulphur  and  coke  in  the  elec- 
tric furnace,  the  process  having  been  <l<  vel 
oped  principally  by  E.  R.Taylor  at  Penn  Van, 
N.  Y.  It  has  been  made  by  oilier  proce  e 
not  using  the  electric  furnace,  but  for  safety 
to  the  operators,  quality  of  product  and  con- 
tinuity of  production  the  electric  furnace 
process  is  far  superior  to  the  old  method  : 


Fig.  5.   Enormous  Size  of  a  Large  Rotary  Converter  for  Electro- 
lytic Work,  the  output  being  13,000  amperes  at  525  volts 

Carborundum 

Carborundum,  which  differs  radically  from 
that  class  of  artificial  abrasives  made  by 
melting  and  purifying  bauxite,  is  made  by  the 
reduction  of  silicon  oxide,  the  silicon  thus 
liberated  combining  with  carbon  to  form 
silicon  carbide. 

In  addition  to  its  use  as  an  abrasive,  it 
finds  many  other  important  uses,  such  as  high 
grade  refractory  material  in  furnace  construc- 
tion. 

Caustic  Soda 

The  manufacture  of  caustic  soda  and  potash , 
sodium  chlorate,  potassium,  perchlorate,  and 
various  other  products  and  by-products  such 
as  chlorine,  is  the  basis  of  large  industries. 
These  substances  are  principally  obtained  by 
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Fig.  6.    An   Up-to  date   Electric   Furnace   Installation   for    Producing 
Steels.    The  present  equipment  consists  of  four  6-ton  furnaces,  each 


from  solutions  direct  from  the  ore,  using 
insoluble  anodes,  the  power  consumption 
increases  considerably,  or  from  300  kw-hr. 
to  2600  kw-hr. 

Ferro-alloys 

Because  of  their  importance  in  the  steel 
and  iron  industries,  and  because  of  the  rela- 
tionship of  these  indu  air  national 


rity,  it  is  not  exaggeration  to  say  that 
the  ferro-all  most  useful  prodm 

the  electric  furnace.     Of  the  alleys 

:  important  are  the  various 
iro-silicon  without  which  it  would 
le  to  secure  the  excellent  grad 
that  are  now  used  in  the  manufac- 
■    ra1    r    and  trai     i  irmers. 
A  low  gn  is  irade  in  the 

blast    furnace,    but    the    impuritii 
numerous  and  the  silicon  content  too  low  to 
permit  its  use  in  the  more  important 

rn  i-manganese,  although 
rinding  mor  last  furnace 

duct  than  any  other  ferro- 
alloy, is  of  considerably  greater 
purity    and     then 
adapted    to    the  manufacture 
of  manganese  and  other  alloy 

steels. 

Of  the  other  ferro-alloys 
all  are  u 
the  manufacture  of  high  grade 
alloy  steels  and  several  have 
special  uses,  such  as  ferro- 
chromium  in  the  manufacture 
of  stainless  and  corrosion  resist- 
ing steels,  ferro-vanadium  in 
spring  manufacture,  and  both 
alloys,  together  with  ferro- 
n,  ferro-molybdenum 
and  ferro-uranium  in  the  pro- 
duction of  high  speed  steels. 

Artificial  Graphite 

High-grade  Tool  The  manufacture  of  artificial 

taking  1500  kw.  graphite  from  anthracite  coal 
and  other  materials  is  one  of 
the  major  industries  at  Niagara  Falls  and  is 
directly  responsible  for  our  being  able  to 
obtain  graphite  electrodes.  It  is  also  valuable 
as  a  source  o*"  very  pure  graphite  for  lubrica- 
tion purposes,  the  artificial  material  contain- 
ing on  the  average  approximately  0.5  per  cent 
impurities  as  compared  to  natural  graphite 
which  seldom  contains  less  than  5  per  cent. 
This  material  is  an  outgrowth  of  the  carbo- 


TABLE   III 

ELECTROTHERMIC    MELTING   AND   REFINING   OF    METALS 

Market  Price  Per  Ton 


Material 

Kw-hr.  Per  Ton 

Raw  Materials 

Product 

Power  Cost  at 
Two  Cents 

Per  Cant  Cost 
of  Product 

Aluminum 

$570 

§1200.(1(1 

- 

.8 

Brass 

200 

600  00 

6.00 

1. 

Bronze 

330 

300 

800.00 

6.60 

.82 

Cast  Iron 

450 

25 

90.00 

9.00 

10. 

Cast  Steel 

000 

2.", 

150.00 

12.00 

8. 

High  Speed  Sti 

750 

400 

1500.00 

15.00 

1. 
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rundum  industry,  graphite  being  found  in  the 
center  of  the  furnace  as  the  silicon  was  vapor- 
ized by  heating  the  silicon  carbide  above 
2700  deg.  C 

Iron 

The  elect rotherm.ic  smelting  of  iron  ores  in 
Scani  inavia  is  well  known  to  all  interested 
in  electrochemistry  and  has  achieved  eonsid- 
erable  success  under  certain  conditions.  On 
account  of  the  purity  of  the  product,  it  is 
better  suited  for  the  manufacture  of  high 
grade  steel  than  the  ordinary  Mast  furnace 
product  and  will  undoubtedly  have  con- 
siderable usefulness  in  some  industries. 

The  electrolytic  refining  and  deposition  of 
iron  has  not  been  worked  out  commercially 
except  at  Grenoble,  France,  where  a  plant  is 
in  operation.  If  this  process  can  be  worked 
out  to  use  iron  ore  as  a  starting  point,  along 
the  lines  developed  in  the  electrolytic  pro- 
duction of  copper  and  zinc,  we  will  have  a 
solution  of  the  problem  of  producing  iron 
in  those  localities  where  iron  ore  and  cheap 
water  power  are  available,  but  where  coke 
and  charcoal  are  not,  such  as  Canada,  Scan- 
dinavia, India  and  South  America. 

Magnesium 

This  element,  prepared  by  the  electrol- 
ysis of  fused  salts,  is  the  lightest  metal  used 
in  commercial  quantities  and  will  probably 
be  one  of  the  most  important  metals  of  the 
future.  In  combination  with  aluminum, 
several  alloys,  magnalium,  etc.,  combining 
great  strength  with  extreme  light  weight,  are 
available  and  are  extensively  used  for  auto- 
motive and  aviation  purposes. 

Nitric  Acid 

This  is  another  Scandinavian  development 
which  requires  large  amounts  of  cheap  water 
power,  but  in  view  of  the  recent  developments 
in  the  direct  synthesis  of  nitrogen  and  hydro- 
gen, it  is  doubtful  if  the  present  processes  can 
continue  to  compete. 

Phosphorous 

The  production  of  phosphorous  in  the  elec- 
tric furnace  is  a  comparatively  limited  devel- 
opment and  com.es  under  the  class  of  opera- 
tions where  the  material  is  prodttced  in  vapor 
form,  and  condensed,  similar  to  electrothermic 
production  of  zinc. 

Zinc 

After  a  long  period  of  research  work,  the 
electrolytic  production-  of  zinc  from,  zinc  sul- 
phate has  been  worked  out  successfully. 
From  the  standpoint  of  cost  alone,  it  is  prob- 
able that  the  electrolytic  process  can  suc- 
cessfully  compete  with   the  standard  retort 


proce  is,  and  when  qualil  ,  i:  taken  into  con- 
sideration, especially  when  the  ores  contain 
silver  and  gold,  the  electrolytic  process  not 
onl\  can  i  ompete  bu1  in  practically  all  eases 
eoni rols  the  held. 


Large  Electric  Furnace  Transformers  are  the  product  of 
long  experience  and  high  skill,  and  the  making  use  of  the 
best  materials  available.  This  transformer  takes  power  at 
44,000  volts  and  delivers  to  each  of  three  electrodes  26,600 
amperes  at  85  volts 

General 

At  the  present  time  the  chief  industries  of 
interest  to  the  central  station,  electrochem- 
ically  speaking,  are  those  which  use  electric 
power  to  melt  and  refine  various  m.etals  and 
alloys,  specially  brass,  bronze,  iron,  and  steel, 
and  certain  electrolytic  developm.ents  such  as 
electrolytic  deposition  of  various  metals  and 
electrolysis  of  water.  However,  as  the  com- 
binations of  power  companies  continue  to 
increase,  they  will  better  appreciate  the  prob- 
lems of  the  electrochemist  and  be  able  to 
handle  his  power  requirements.  The  elec- 
trochemical industries  are  not  over  30  years 
old  and  have  had  to  hunt  for  sources  of  power 
as  for  any  other  raw  material  forming  a 
necessary  part  of  the  process. 

In  future  developments,  may  we  not  look 
for  closer  co-operation  between  the  electro- 
chemist  and  the  power  engineer,  knowing  that 
the  former  can  supply  the  most  desirable  load 
the  latter  can  reasonably  ask  for,  if  power 
station  schedules  are  arranged  to  conform  to 
the  requirements  of  the  chemist? 
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Electric  Drive  for  Machine  Shops 

:.  S.  PERO 
ineering  Department,  General  Electric  Company 


)RACTICALLY 
I  every  manufac- 
turer is  interested  in 
machine  shops,  and 
■  quently  in  ma- 
chin<  Al- 

th<  iuj  ed  the 

machine  shop  only  for 
repair  and  experi- 
mental work,  many 
[i  ir  regular 
production  work  and 
;e   the 

b  s  Pcro  'u  nI   drive  of  the 

machine   tools    is    of 
greal  importance.     The  application   of  indi- 
vidual motor  drive  has  many  advantages,  and 
is  now  generally  recognized  as  a  necessi 
maximum  production. 

Belts    and    line    shafting    are    elimil 

natural  lighting  and  use  of  cranes  are 
obtained,  a  saving  in  building  construction  is 
made  possible,  and  heretofore  unused  space 
s  available  because  of  the  unrestricted 
location  of  the  motor-driven  tool.  Fig.  2 
shows  the  clean  cut  and  very  desirable  layout 
possible  with  individual  drive.  This  photo- 
graph was  taken  in  an  up-to-date  plant  in 
which  machinery  is  the  product.  Generally, 
power  is  saved  by  individual  motor  drive. 
although  the  connected  load  in  motors  is 
usually  greater  than  the  required  rating  of  an 
engine  necessary  to  drive  the  shop.  The 
major  saving  is  due  to  the  increase  in  pro- 
ossible  by  the  ability  of  the 
electric  motor  to  maintain  the  machine  speed 
under  heavy  load  conditions  and  by  the  con- 
nce  with  which  the  portable  motor- 
driven  tool  can  be  brought  to  heavy  or 
cumbersome  work. 

Ti  i  illustrate  the  losses  caused  by  belts 
slipping,  a  belted  planer  was  selected.  The 
cut  was  increased  until  21-h.p.  load  was 
shown,  at  which  the  planer  stopped  and  the 
belt  slipped.  The  construction  and  size  of  the 
planer  permitted  of  a  25-h.p.  direct-coupled 
■  being  used,  and  this  motor  took  care 
of  the  test  cut  very  well. 

In   the  average  machine  shop  where  indi- 
vidual drive  is  used,  the  total  load  is  remark- 
ably constant,  because  a  great  many  motors 
mparatively  small  rating  are  used  and 


when  one  machine  is  shut  down  there  is  likely 
to  be  om 

The  load-factor  of  an  entire  shop  will 
usually  average  about  40  per  cent.  Very  few 
tools  demand  full  output  of  the  driving  motor 
continuously  throughout  the  work  period, 
and  the  time  factor,  or  percentage  of  time 
that  the  machine  is  running,  averages  about 
."■)!)  per  cent.  "Waiting  for  cranes"  is  one  of 
which  mean  less 
production,  as  well  as  reduced  time  factor, 
tn  be  eliminated  only  by  improved  work 
handling  de\ 

Fi  ir  constant-speed  work,  the  squirrel-cage 
induction  motor  is  very  desirable.  It  is  free 
from  sliding  contacts,  is  of  simple  construc- 
tion, and  very  reliable.  Assuming  central 
station  power  is  being  used,  the  induction 
motor  usually  requires  only  a  transformer 
for  reducing  the  service  voltage.  In  all 
machine  shops  there  are  machine  tools  that 
require  adjustable-speed  motors,  and  for 
that  reason  a  certain  amount  of  direct 
current  is  necessary.  The  average  of  a 
number  of  plants  shows  that  about  50  per 
cent  of  each  type  of  motor  is  required. 


Fig.  1.     Three  300-kw.,   1200-r.p.m.,  250-volt  Synchronous 

Converters  and  Direct-current  Switchboard.  Bullard 

Engineering  Works,  Bridgeport.  Conn. 


Synchronous  converters  or  motor-gen- 
erator sets  are  used  for  transformation  to 
direct  current.  The  machines  and  switch- 
board shown  in  Fig.  1  supply  the  direct- 
current  power  used  in  the  shop  illustrated 
in  Fig  2. 
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The  crane  load  in  a  great  many  plants  is 
quite  an  item,  and  with  this  as  an  incentive  a 
vast  amount  of  experimental  work  has  been 
carried  on  with  the  result  that  very  satis- 
factory alternating-current  crane  equipments 
have  been  developed. 

From  the  foregoing,  it  will  be  noted  that 
the  most  desirable  arrangement  is  obtained 
when  both  alternating-current  and  direct- 
current  motors  are  applied.  This  scheme  is 
used  in  the  shop  shown  in  Fig.  2,  the 
direct-current  connected  load  being  approxi- 


This  c  mdition  will  not  be  found  in  a  machine 
tool  thai  requires  an  adjustable-speed  n 

In  general,  all  machine  tools  used  to 
remove  metal  by  means  of  cutting  tools  or 
abrasives  produce  constant  loads  and  can 
be  driven  by  shunt-wound  ilnvrl  -current  or 
constant-speed  alternating-current  motors. 
The  class  of  tools  used  to  form  or  shear  metal 
generally  produce  high  intermittent  peak- 
loads,  and  should  be  driven  by  compound- 
wound  direct-current  or  high-torque  alternat- 
ing-current motors. 


Fig.  2      Machii 


•  Shop,  Bullard  Engineering  Works 
Bridgeport,  Conn. 


mately  450  h.p.  and  the  alternating-current 
load  amounting  to  about  400  h.p.  The  pur- 
chased power  is  alternating-current  and  is 
furnished  by  a  central  station. 

All  machine  tools  that  are  driven  at  con- 
stant speed  should  have  alternating-current 
motors  applied,  and  those  requiring  adjust- 
able speed  shoidd  be  driven  by  direct-current 
motors.  The  exception  for  constant  speed  is 
where  very  high  torque  is  required  which 
would  probably  call  for  a  direct-current  com- 
pound-wound machine.  Care  should  be  taken 
in  the  application  of  alternating-current  vari- 
able-speed motors,  which  are  often  erroneously 
applied  where  adjustable  speed  is  required. 
The  variable-speed  induction  motor  should  only 
beapplied  where  the  torque  required  is  constant. 


Besides  cranes,  for  transporting  material  in 
the  shop,  the  electric  tractor  and  truck  have 
come  into  extensive  use.  It  is  possible  to 
charge  the  batteries  of  these  vehicles  during 
the  night,  thereby  producing  a  24-hour  load. 
Many  large  plants  use  battery  locomotives 
for  yard  hauling,  thereby  decreasing  the  day 
demands  considerably  below  what  they  would 
be  if  these  locomotives  were  drawing  on  the 
power  station  direct.  Electric  tractors  can 
get  into  otherwise  inaccessible  places,  and  do 
much  toward  decreasing  the  time  usually 
required  for  transporting  the  work  to  and 
from  the  different  machines.  These  work 
transporting  devices  should  be  used  to 
increase  the  50  per  cent  time  factor  referred 
to  in  the  first  part  of  this  article. 
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Electric    Drive  for  Small    Automatic  Self-dumping 

Skip  Hoists 

By  R.  II.  McLain  and  C.  B.  Connely 

ING  ]    MG1NEERING  DEPARTS.  LAI     EL]        BIi     COMPANY 

SMALL    au1 
self-dumping  skip 
<  rally 
used  for  ash  removal 
and  coal   hoisting  in 
d  rail- 
way locomotive 

ms,  ami  in  han- 
lowingbulk 
rial    of    various 
It  is  beli 
that  their  field  of  use- 
fulness could  be  fur- 
ther extended  if  their 
limitations  were  stud- 
ied and  means  of  improving  their  characteris- 
inted  out  from  I  int  of 

power  applica 

There  art'  three  general  classes  of  self- 
dumping  skij)  hoists.  All  are  equipped  with 
cial  skip  bucket  which,  when  drawn 
ams  at  the  top,  either  tilts  over  and  dis- 
charges from  its  top  or  opens  and  discharges 
at  the  side  and  bottom,  and  then  rights 
itself  when  lowered  back  into  the  skip  shaft. 


R.  H.  McLain 


Class  1  is  theunbal- 

1  skip  hoist ,  and 
its  re 

(a)  Pi  iwi 

ing  a  full  skij). 

(b)  Powerfor  hoist- 

ing an  empty 
skip. 

(c)  B  rake  for  lower- 

ing an  empty 
skip. 

(d)  Brakeforlower- 

a  full  skij). 
Class  2  is  the  coun- 
ter-weighted skip 
hoist.  The  counter-weight  may  be  of  any 
value,  but  for  the  purposes  of  this 
it  will  be  considered  to  be  equal  to  100 
per  cent  of  the  skip  plus  60  per  cent  of  the 
material  in  the  ski]).  lis  power  require- 
ments are: 

Power  for  hoisting  a  full  bucket. 

(b)  Brake  for  hoisting  an  empty  bucket. 

(c)  Power  for  lowering  an  empty  bucket. 

(d)  Brake  for  lowering  a  full  bucket. 


C    B.  Connely 
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Figs    1   to  9.      Typical  Rope  Pulls  of  Balanced  Skip  Hoists  Expressed 
Torque  at  Motor  Shaft 
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Class  3  is  the  balanced  skip  hoist.     It  con 
sists  of  two  dumping  skips  and  skip-ways,  <>ne 
of  which  is  lowering  while  the  « i1  her  is  hoisting. 
The   power   requirements   arc: 

(a)    Lower    for    hoisting    a    full    skip    and 

lowering  an  empty  skip. 
1 1     Power    for    hoisting    a    full    skip    and 
lowering  a  full  skip. 

ici   Power  for  hoisting  an  empty  skip  and 
lowering  an  empty  skip. 

id)  Brake  for  hoisting  an  empty  skip  and 
lowering  a  full  skip. 

The  rope  pulls  change  while  material  is 
being  dumped  and  while  some  of  the  weight 
of  the  top  ski])  may  be  resting  on  the  dump- 
ing cams,  and  Figs.  I  to  i)  inclusive  are 
plotted  to  show  the  motor  torque  required 
for  Class  3  hoists  under  conditions  (a),  (c)  and 
id),  it  being  assumed  that  speed  is  constant. 
These  curves  are  plotted  with  motor  torque 
as  ordinates  and  feet  along  the  skip-way  as 
abcissae. 

The  following  standard  assumptions  are 
made: 

Drums  are  cylindrical. 

Weight  of  skip  100  per  cent. 

Weight  of  material  in  skip  100  per  cent. 

Weight  of  counter-weight  (when  used) 
100  per  cent. 

Motor  speed  900  r.p.m. 

Height  of  hoist  100  feet. 

Weight  of  the  rope  is  neglected. 

Normal  amount  of  rope  drawn  in  when 
skip  is  being  pulled  into  the  dumping 
cams  is  5  ft. 

The  skip  or  counter-weight  when  at  the 
bottom  is  suspended  entirely  on  the  n  >\  le ; 
also  the  counter-weight  when  at  the  top  is 
suspended  entirely  on  the  rope.  A  variation 
in  this  arrangement  can  easily  be  made  by 


Fig.  10.    Theoretical  Skip  Hoisting  Engine  Efficiency 
from  Motor  Shaft  to  Rope 


allowing  some  of  the  weight  of  the  skip  at 
the  bottom  to  rest  either  on  a  weigh-beam  or 
a  cam-shaped  track.  Such  an  arrangement 
can  be  made  to  materially  improve  the  duty 
cycle,  especially  as  regards  accuracy  of 
stopping    and    amount    of    starting    torque. 


(Figs.  i.  8,  and  it.  while  not  plotted  to  cover 
this  condition  accurately,  illustrate  the  nature 
of  the  adva  ined.) 

When  the  skip  is  in  the  normal  fully 
dumped  position  a1  the  top,  either  100  per 
cent  .  50  per  eei it  or  25  per  e,  in   of  the  weight 
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Fig.  11.      Speed  at  Which  a  Falling  Body  Strikes 
Versus  Height  of  Fall  ip  Inches 

of  the  skip  may  be  suspended  from  the  rope, 
the  remainder  resting  on  the  dumping  cams. 
The  amount  of  weight  which  hangs  on  the 
rope  depends  upon  the  type  of  bucket  and 
cams.  Distinction  will  be  made  between 
the  duty  cycles  under  each  of  the  three 
conditions.  When  the  skip  is  drawn  3  feet 
of  rope  travel  above  the  normal  position  of 
dumping,  100  per  cent  of  the  weight  of  the 
skip  is  suspended  from  the  rope. 

The  losses  in  sheaves  and  the  shaft  friction 
for  a  skip  are  taken  as  3  per  cent  of  the  rope 
pull  produced  by  that  skip  in  a  vertical  shaft. 

The  mechanical  efficiency  of  the  hoisting 
machine  between  motor  pinion  and  rope  is 
taken  as  85  per  cent. 

An  additional  set  of  curves,  Figs.  12and  13, 
are  plotted  to  show  how  great  is  the  variation 
in  the  point  of  stopping  both  at  the  top  and 
at  the  bottom  when  certain  of  these  conditions 
vary.  In  this  set  of  curves  the  variation 
of  the  stopping  point  in  feet  is  plotted  as 
ordinates  against  the  skip  speed  in  feet  per 
minute  as  abscissae.  These  variations  are 
caused  by  the  following  variations  in  hoist 
conditions,  which  are  now  used  to  supersede 
certain   assumptions  made   above: 

The  hoist  machine  efficiency  will  now  be 
taken  as  65  per  cent  for  50  ft.  per  minute 
speed,  and  will  vary  up  to  85  per  cent  for 
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Fig.  12.      Variation  in  Stopping  in  Feet  Versus  Norma! 
Hoisting  Speed  Under  Following  Conditions 
Hoisting  an  Empty  Bucket  and  Lowering  a   ! 

Balanced  Skip 

pi    I  Skip  on  Kails 
Drake  Setting 

ket  and  Lowering  Empty  One 


z. 
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Fig.  13.      Variation  in  Stopping  in  Feet  Versus  Normal 
Hoisting  Speed  Under  Following  Conditions 

Hoisting  an  Empty  Bucket  and  Lowering  an  I 

Bucket 
Balanced  Skip 
50  Per  Cent  Weight  of  Dumped  Skip  on  Rails 
150  Per  Cent  Nominal  Brake  Setting 
Limit  Switch  Setting  for  Normal  Stop  When  Hoisting 

Loaded  Bucket  and  Lowering  an  Empty  One 


■m  for  lowering,  were  used  to  cover 
variations  due  to  voltage  and  load  conditions 
and  to  the  class  of  motor  considered. 

A  wound  rotor  polyphase  induction  motor 

with  the  armature  short  circuited  and  with 

normal  voltage  has  a  full  load  speed  95  per 

«ed. 

It  takes  one-fifth  of  a  second  for  a  friction 

brake  to  begin  actual  retardation  after  a  stop 

limit    switch    has   tripped.      This  assumption 

makes  allowance  for  the  time  required  to  open 

mtactor  plus  the  time  for  it  to 


open,    plus    the    time    for    the    circuil 
throuj  .;,  tor  to  In   lu-i  ken,  plus  the 

n  quired  for  the  brak   cori     o  move  from 
the  relea  ed  to  the  applied  position. 

Tlir  acceleration  of  the  armature  and  all 
other  mo  ing    parts   is  assumed    to   require, 
during  one  second,  100  percent  ol  the  torque 
required    to    hoisl    normal    load    al     tn 
aighl  pari  ol 

Voltage  will  be  assumed  to  b<  105  per 
cenl  maximum  and  90  per  cei  I  minimum. 
and  for  each  condition  the  particular  vo 
\  alue  \\  ill  I"-  chosen  ■ 
the  widest  variation  in  speed.  This  will  mean 
itor  peed  varies  from  95  per  cent 
to  124  per  cent  of  synchronism. 

'Flu    t..ri[iie  produced  by  the  friction  brake 
will   be  assumed  to  be  somewhei 
125  per  cent  and   150  The  value 

which  produces  the  widest  variation  in  land- 
i  uracy  will  be  used 

From  Figs.  12  and  13  it  is  easy  to  deter- 
mine the  cage  speed  at  which  a  hoist  can  be 
operated  for  any  desired  accuracy  of  landing. 
But  these  curves,  as  shown  by  fori 
assumptions,  picture  the  condition-  of  what 
might  be  called  an  ordinary  installation  where 
no  refinements  were  used  to  improve  the 
accuracy  of  landing. 

The  Tables  I  and  II,  which  refi  I 

ll?    and    13,     indicate     that    much     greater 
accuracy   of  landing    may   be    obtain, 
adopting  improved  methods,  as  follows: 

1.  Use  a  heavier  solenoid  brake  whose 
maximum  retarding  torque  is  200  per  cent  of 
torque  required  to  hoist  full  load  at  full  speed, 
and  minimum  retarding  torque  is  166  per  cent. 

2.  Provide  means  in  the  control  apparatus 
which  will  eliminate  entirely  the  time  interval 
between  the  shutting  off  of  power  from  the 
motor  and  the  beginning  of  retarding  torque 
by  the  brake. 

3.  Use  a  motor  which  has  a  speed  ratio  of 
I'd.  that  is,  it  can  be  slowed  down  from  a 
maximum  speed  to  one-half  maximum  speed 
before  the  final  stop  is  made.  Such  a  motor 
would  have  approximately  2(1  per  cent  more 
flywheel  effect  in  its  armature  than  would  a 
single  speed  motor. 

4.  Use  a  slip  ring  induction  motor  in  which 
all  resistance  is  short  circuited  while  hoisting, 
thus  insuring  a  range  in  motor  speed  between 
96  per  cent  and  114  per  cent. 

5.  Use  a  slip  ring  motor,  as  described 
under  (4),  but  arrange  it  with  a  2:1  ratio. 
Such  a  motor  would  have  approximately  20 
per  cent  more  flywheel  effect  in  its  armature 
than  would  a  single  speed  motor. 
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Tallies  I  and  II  indicate  by  percentage  the 
relative  accuracy  of  these  various  expedients. 
The  conditions  shown  by  Fig.  12  are  taken  as 
101)  per  cent  for  Table  I  and  those  shown 
by  K>  are  taken  as  10(1  per  cent  for  Table  II 
For  example:  in  Fig.  12,  the  variation 
in  stopping  for  a  skip  whose  full  load  normal 
speed  is  300  ft.  per  minute  will  be  6.9  ft.  Ni  >\v 
by  referring  to  Table  I,  it  will  be  seen 
that  this  condition  is  considered  as  100  per 
cent,  and  if  the  control  is  arranged  to  take  the 
lag  out  of  the  brake,  this  variation  will  be 
47  7  per  cent  of  0.0  ft.,  or  3.3  ft.  If  this  time 
element  is  taken  out  of  the  setting  of  the 
solenoid  brake,  and  if  the  brake  is  increased 
so  that  its  retarding  torque  varies  between 
166  per  cent  and  200  per  cent  of  normal 
torque,  the  variation  now  becomes  25.3  per 
rem  of  6.9  ft.,  or  1.74  ft.  If  a  still  further 
improvement  is  made  by  using  a  2:1  adjust- 
able speed  motor  having  a  small  slip,  ami  the 
large  brake  is  still  used,  the  variation  will  be 
6.2  per  cent  of  6.9  ft.,  or  0.43  ft.  In  other 
words,  by  introducing  several  refinements  a 
very  high  degree  of  accuracy  can  be  obtained. 

As  indicated  above,  one  method  of  improv- 
ing the  accuracy  of  landing  is  the  use  of  ;i  2  . 1 
adjustable  speed  motor  which  is  slowed 
down  to  a  creeping  speed  for  approaching  the 
landing  point. 

There  are  three  other  conditions  besides 
accuracy  of  stopping  which  will  determine 
the  value  of  this  creeping  speed,  viz.:  first, 
the  speed  at  which  the  skip  may  be  permitted 
to  enter  the  dumping  horns  because  of  strains 
in  the  structure  when  the  vertical  velocity 
of  the  skip  is  changed  to  horizontal  velocity; 
second,  the  speed  at  which  material  may  be 
permitted  to  spill  as  determined  by  its  disposi- 
tion in  the  receptacle  into  which  it  falls ;  third, 
the  speed  at  which  the  skip  may  strike  the 
scale  beam  at  the  bottom  when  such  a  beam 
is  used.  No  attempt  will  be  made  in  this 
paper  to  prescribe  these  limits  because  they 
depend  on  conditions  other  than  the  power 
drive,  but  Fig.  11  is  submitted  as  an  aid  in 
judging  the  speed.  The  accuracy  required  for 
landing  is  most  frequently  the  cause  of  speed 
limitation. 

Don't  use  series  wound  direct-current  motors 
except  on  Class  1  hoist. 

Don't  use  compound-wound  direct-current 
motors  except  on  Class  1  hoist,  unless  the  series 
field  is  short  circuited  by  the  starting  controller. 

Don't  insert  resistance  in  the  armature 
circuit  of  a  direct-current  motor  or  an  alter- 


nating current  motor  and  expect  this  to 
improve  the  accuracy  of  landing.  Under 
normal  conditions  it  may  diminish  the  speed 
at  which  the  skip  enters  the  dumping  horns, 
but  it  increases  the  variation  in  Stopping 
accuracv  and  under  abnormal  conditions 
of  load,  such  as  hoisting  an  empty  skip  and 
lowering  a  full  skip,  h  increases  the  speed  at 
which  the  skip  enters  the  dumping  horns. 
The  onlysure  method  with  cylindrical  drums  * 
oi  getting  a  dependable  decrease  in  speed  for 
dumping  and  landing  purposes  is  to  use 
dynamic  braking  or  shunt  field  control  in 
the  case  of  d-c.  motors,  or  multi-speed 
windings  in  the  case  of  a-c.  motors 

TABLE   I 

FOR   CLASS   3   SKIPS 

When  hoisting  an  empty  bucket  and  lowering  a 
loaded  one  the  per  cent  variation  from  the  stopping 
distance  in  Fig.  12  is  given  below: 


^ 

0.K 

2:1                                                  1:1 

v    \i:  i   v     |i  IN    1   ki  i.\l  S  ,    .     t: 

£.5 

!L'l  Per  Cent     95-124  Per   Cent 

I    '      PER  CENT 

7-J-: 

LS0  ,o-    200  166     150  125                    150   1.25     !00   166 

-J 

PERCENTAGE  VARIATION   PROM   FIG.    12 

-  : 

9.43 

18 

72. 
41. 

22.6 

A 
B 

0 

17. 

30 
6.2 

100. 
47.7 

25.3 

B   50 

31.5 

31 

7.73 

102. 
53.3 

28.1 

A 
B 

75 

A  indicates  variation  allowing  0.2  seconds  after 
power  shut  off  before  brake  applies. 

B  indicates  variation  when  braking  commences 
instantly  after  power  cut  off. 

TABLE   II 

FOR   CLASS   3   SKIPS 

When  hoisting  an  empty  bucket  and  lowering  an 
empty  one  the  per  cent  variation  from  the  stop- 
ping distance  in  Fig.  13  is  given  below: 


Motor  speed  range 

2:1 

1:1 

Zi; 

Variation    from 

95-124  Per   Cent 

95-124  Per  Cent 

"■-- 

Brake  per  cent 

150/125 

150   12.". 

200   166 

9.76 

54.7 
41.3 

22.7 

A 
B 
A 

B 
A 

0 

9.88 

100. 

50 

24.3 

113. 

75 

A  indicates  variation  allowing  0.2  seconds  after 
power  shut  off  before  brake  applies. 

B  indicates  variation  when  braking  commences 
instantly  after  power  cut   off 
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■  b    an    emergency.     A   slack 
svitch  for  stopping  the  hoist,  should  a 

■    slack  around  the  drum  indicat- 
i  ir  i  ha1  a  skip  had  been 
ucted  in  the  shaft 
trouble. 

trol  may  be  made  to  per- 

the  foll<  wing  functions: 

atl  endanl  starts  the  skip  from  the 

bottoi  ed  to      e  top  u  here  it 

is   automatically   dumped   and   stopped.      It 

.in  until  an  attendant  starts 

I  "' mgh  tin    cycle  each  time 

n1    starts   it.      Such   an   equipment 

push    button    for   starting  up,   a 

push  button  for  starting  down,  a  stop  switch, 

■  ,    limit  swil  • 

down  ai  rid  of  1  ravel. 

do  ( )n   Class    I    and   I  llass  2   hoists,   it    is 
..d\  auiaccoiis  for  the  operator  to  start 
the  skip  from  the  bottom  and  for  the  skip  to 
ri  mnd  trip  before  I  he  i  iperati  ir  is 

i  give  ii   attention.     Such  a  eon- 
push  button  for  starting  up, 
a  push  button  for  starting  down  (to  be  used 

■  ;encj  or  m  -i 
switel  en1   relay  for  holdii 


at    standstill    for   approximately    five 
seconds  at  the  top  while  the  skip  is  being 
dumped,  .and  limit  switches  for  slowing  down 
and   Sti  ipping   a1    each   end   of   I  ravel. 
(  In  all  classes  of  hoists  it  is 

of  starting 
the  skips  into  operation  .and  having  them  run 
continuously  without  further  attention,  with 
approximati  I  econd   inten  a 

el  for  loading  and  unloading.  Such 
a  controller  would  require  a  starting  up  push 
button  ;  down  push  button,  a  stop 

and 
limit  switches  for  slowing  down  and 

h   end  Of  1  ravel 
(d  i    Class    1    and   Class   2   hi 
require  a  five  second  interval  for  unloading  at 
;  he   top,   and   an   automatic  switch 
with  a  scale  b  I  arting  th( 

Such  a  hoist  will  run  continuously 
when  once  started  and  will  automatically 
dump  and  reverse  at  the  top,  and  will  remain 
a1  the  bottom  on  a  scale  beam  until  a 
determined  weight  of  material  is  spilled  into 
it.  whereupon  it  automatically  is  : 
the  top.  Such  a  controller  requires  a  starting 
up  push  button,  a  starting  down  push  button, 

.  switch,  time  element  relay,  master 
switch  operated  by  a  scale  beam,  and  the 
necessary  limit  switches  for  slowing  down  and 
stopping  at  the  end  of  travel.  It  is  also  neces- 
sary that  there  be  a  certain  amount  of  slack 
rope  leading  to  the  bottom  skip  when  it  first 
on  the  scale  beam  so  that  the  solenoid 
brake  on  the  motor  shaft  will  not  interfere 
with  the  descent  of  the  skip  as  its  weight 
increases.  (As  stated  above,  the  curves 
plotted  to  show  variation  in  stopping  wen 
made  to  cover  the  use  of  a  scale  beam,  i 

i  in  ( )lass  3  hoisl  tti  sometimes  d< 
the  hoists  operate  continuously  when 
once  started,  their  operation  to  be  governed 
by  a  scale  beam  at  the  bottom  of  each  shaft  — 
one  scale  beam  starts  one  of  the  skips  up  when 
loaded,  and  the  other  scale  beam  starts  the 
other  skip  up.  In  addition  to  this,  a  time 
element  relay  might  be  inserted  to  hold  the 
motor  at  standstill  not  only  while  the  scale 
beam  is  operating,  but  for  a  pre-determined 
time  of  about  five  seconds  so  as  to  make  sure 
that  the  top  skip  has  been  fully  emptied. 
Such  a  controller  would  require  a  starting 
up  push  button,  a  starting  down  push  button, 
ch,  two  master  switches  which  are 
operated  from  scale  beams,  necessary  time 
element  relays  if  desired,  and  limit  switches 
for  slowing  down  and  stopping  at  each  end  of 
tra\  el. 
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A  necessary  part  of  all  of  the  above  control 
apparatus  is  that  the  motor  be  equipped  with 
[enoid  brake;  but  under  one  special  con- 
dition it  is  possible  to  operate  a  skip  hoist 
without  a  solenoid  brake,  and  this  on  a  Class 
1  hoist,  although  this  is  not  always  to  be 
recommended  on  account  of  other  dis- 
advantages; for  instance  a  brake  of  some 
kind  may  be  needed  when  repairs  are  made. 
A  scries  wound  d-c.  motor  can  be  used 
fur  hoisting,  and  if  the  hoisting  speed  is 
such  that  the  material  is  fully  dumped  at  the 
time  the  skip  reaches  the  top  of  travel,     the 


motor  can  lie  allowed  to  reverse  immediately 
and  descend  l>y  dynamic  braking  using  a 
normally  closed  contactor.  Stopping  at.  the 
bottom  can  he  obtained  1>\  decreasing  the 
dynamic  braking  resistance  and  then  allow 
ing  the  skip  to  settle  a1  verj  slow  peed  onto  a 
positive  foundation  at  the  bottom.  When 
shunt  wound  direct-current  brakes  are  u  ed,  a 
cenl  rifugal  switch  or  si  rate  pri  itective 
arc  needed  to  prevent  the  current  regenerated 
by  the  motor  from  sustaining  the  brake  in 
case  power  fails.  A  sustained  brake  would 
allow  the  mi  itor  to  o\  er  i  ieed 
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■*11  E  chief  deveL  ip- 
ments  in  oil  field 

ilectrifi  cation  have 
taken  place  in  Cali- 
fornia, Kansas,  Texas, 
and  Oklahoma,  where 
favorable  conditions 
for  the  introduction 
of  motors  on  a  large 
scale  have  been  pro- 
duced by  the  exist- 
ence   of    adequate 

ower  systems  within 

W    G    Ta    lor  I'eacll      of      tllC      fields. 

Electric  power,  mostly 
from  small  isolated  plants,  is  also  being  used 
in  several  scattered  instances  in  the  fields  of 
West  Virginia,  Pennsylvania,  Louisiana,  Illi- 
nois and  Wyoming. 

California 

In  California  the  oil  fields  in  the  San  Joa- 
quin Valley,  Fig.  1,  are  all  served  by  the  San 
Joaquin  Light  and  Power  Corporation  or  its 
subsidiary,  the  Midland  Counties  Public 
Service  Corporation.  The  latter  reaches  the 
Coalinga  field  in  the  valley,  and  the  Santa 
Maria  field  on  the  coast.  The  valley  fields 
were  the  first  in  this  country  to  adopt  modern 
oil  well  motors  extensively.  This  change  from 
the  long  established  use  of  steam  and  gas 
engines  was  assisted  to  some  extent  by  the 
low  power  rates  made  possible  by  the  fact 
that  a  large  part  of  the  power  is  hydroelec- 


tric. The  principal  plants  are  on  the  San 
Joaquin  River,  northeasl  of  Fresno,  smaller 
ours  also  being  located  on  the  Tule  River 
farther  south  and  on  the  Kern  River  near 
Bakersfield.  These  have  a  total  capacity  of 
57,000  kv-a.  Two  steam  plants  near  Bakers- 
licld  with  45,000-kv-a.  capacity  and  one  on 
the  coast  near  Santa  Maria  with  a  capacity 
of  2,(10(1  kv-a.  supply  additional  power  as  well 
a-  si  'in'1  held  in  resi  r  i 


Oil  Wells  Pumped  by  Electric  Power  i 
Field,  Calif. 


i  the  Midway  Oil 


Three  main  transmission  lines  extend  south 
through  the  valley.  The  one  on  the  west 
side,  which  passes  through  the  principal  oil 
fields  in  the  valley,  is  a  66,000-volt  line  with 
an  approximate  length  of  190  miles.  The 
66,000-volt    line    of    the    .Midland    Counties 
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•    Diablo  Range  mountains  and 
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g,  and  termi 

rsfield  and 
into  the  west  line  al  McKittrick, 
which 
for  the  extensive 
nd  the 
River  field  at   Bakersfield.     The  three 
transu  mnected  by  addi- 

north. 
All  primary  distribution  is  at   11,000 

•  being  used  wherever  practicable. 
the  total  length  of  any  circuit  not  exceeding 
10  miles.     Field  transformers  step  the  \  - 
o  1  in. 
The  approximate  average  load  of  the  various 
fields  al 
Mi.lv. .  10,000  kv'-a. 

Kern  River  field 7,000  kv-a. 

Id,...  1,500  kv-a' 

Santa  .Maria  field.  ....    -I.   00  kv-a. 

A-  the  power-factor  of  the  average  oil  field 

lo.-id  is  rather  low.  varying  between  60  per 
cent  and  7n  per  cent,  a  3,000-kv-a.  synchro- 
nous condenser  has  been  installed  near  Santa 
Maria  on  the  line  of  the  Midland  Counties 
Service  Co  1,01 10-kv-a. 


Rotary  Drilling  Rig   of  La    Merced   Oil 
npany.  Montebetlo.  Cali*'. 


Fig.  3.  A  Typical  Transformer  Installation  Made  by  the  Empire 
Gas  and  Fuel  Co  fo-  O1'  Well  Pumping  in  the  El  Dorado 
Field.  Kansas.  The  bank  consists  of  three  25-kv-a.  units, 
stepping  the  voltage  down  from  12,000  to  440 

unit  will  soon  be  installed  at  Taft  on  the 
line  of  the  San  Joaquin  system. 

These  power  systems  have  of  course  required 
great  expansion  to  earn-  this  growing  load  as 
well  as  that  of  other  industries,  particularlv 
irrigation,  which  have  built  up  rapidly  in 
recent  years;  and  the  projects  under  way  as 
well  as  those  planned  for  the  future  will 
ultimately  more  than  double  the  present 
total  capacity. 

In  southern  California  about  250  electri- 
fied wells  furnish  the  present  oil  field  load. 
Electric  drilling.  Fig.  2.  is  being  taken  up  in 
this  region  to  a  rapidly  growing  extent.  Ener- 
gy is  supplied  by  the  Southern  California 
Edison  Company  and  is  largely  hydroelec- 
tric power  generated  in  the  Sierra  Xevada 
Mountains  about  250  miles  from  Los  Angeles. 
The  present  transmission  voltage  is  150,000, 
but  this  will  soon  be  raised  to  220,000  volts. 
Additional  power  is  obtained  from  oil-tired 
steam  stations.  The  entire  system  has  a 
total  generating  capacity  of  over  270,000  kv-a. 

A  complex  distribution  system  serves  the 
oil  fields,  where  field  transformers  step 
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the  various  primary  voltages  to  440  volts. 
An  interesting  feature  of  this  system  is  the 
frequency,  which  is  50  cycles.  Several  other 
smaller  power  companies,  all  but  one  operat- 
ing at  60  cycles,  are  tied  in  with  the  Edison 
system  through  frequency-changer  sets. 


extensive  electrification  of  any  oil  company 
in  this  country,  purchases  its  power  from  the 
Kansas  Gas  and  Electric  Company  at  60,000 
volts  and  steps  i1  down  to  12,000  voll  for 
primary  distribution  and  11(1  volts  for  the 
motor  circuits,  Fig.  :>.  Their  substation  at 
present  has  a  capacity  of  3,000  kv-a.,  but  is 
designed  for  and  will  eventually  he  increased 
to  6,000  kv-a.  A  2500-kv-a.  synchronous 
condenser  located  at  this  substation  will  make 
the  ultimate  capacity  approximately  4800  kw. 
at  about  80  per  cent  power-factor.  This  com- 
pany has  over  500  oil  well  motors  in  operation 
and  has  adopted  electric  drive  for  all  its  drill- 
ing in  the  El  Dorado  field. 

Oklahoma 

The  only  hindrance  to  the  more  rapid 
adoption  of  motor  drive  in  all  oil  fields  during 
the  last  two  or  three  years  has  been  the  lack 
of  available  generating  capacity  on  the  part 
of  the  central  stations.  This  has  been  the  ease 
in  Oklahoma,  where  so  far  only  a  few  oil 
leases  are  operated  electrically,  Fig.  4.  How- 
ewer;  the  Oklahoma  Gas  and  Electric  Com- 
pany, which  has  lines  within  reach  of  two- 
thirds  of  the  fields  of  the  State,  is  not  onlv  in 


drill 
:d  cable 


Guthrie,  Okla.,  over  a  634-mile,  6600-volt 
which  the  Company  built  and  operates  to  ! 
of  hauling  fuel  for  steam  drilling 


Petroleum  Co. 

-ansmission  line 
we  the  expense 


Kansas 

In  the  Mid-continent  oil  fields,  Kansas 
offered  the  first  opportunity  for  electrification 
on  a  large  scale,  as  the  lines  of  the  Kansas  Gas 
and  Electric  Company  were  within  easy  reach 
of  the  El  Dorado  and  Augusta  fields  and  now 
extend  to  the  newer  Elbing  and  Peabody 
fields.  El  Dorado  and  Augusta  are  only  about 
35  miles  northeast  from  the  main  generating 
plant  at  Wichita,  and  the  other  fields  are 
about  the  same  distance  farther  to  the  north, 
but  the  entire  60,000-volt  transmission  sys- 
tem has  a  totallength  of  linesof  approximately 
175  miles.  A  portion  of  the  system  between 
Wichita  and  the  fields  constitutes  a  loop  which 
assists  in  the  maintenance  of  continuous 
service.  Primary  distribution  is  at  11,000 
volts  and  secondary  distribution  at  440  volts, 
as  on  the  San  Joaquin  system  in  California. 

The  Wichita  generating  station  is  a  30,000- 
kw.  steam  plant  using  oil,  gas,  and  coal  for 
fuel.  The  total  oil  field  load  now  carried  is 
approximately  5200  kw.,  of  which  4,000  kw. 
is  in  the  El  Dorado  and  Augusta  fields. 

The  Empire  Gas  and  Fuel  Company,  which 
has  carried  out  in  the  El  Dorado  field  the  mi  >st 


Fig.  5.      Electr: 


rally. pumped  Oil  Wells 
Creek  Field,  Texas 


a  better  position  this  year  to  supply  the 
demand  but  plans  to  increase  its  plant  ca- 
pacity materially  in  the  near  future.  The  oil 
field  load,  now  approximately  700  kw.,  bids 
fair  to  compare  favorably  in  size  in  the  near 
future  with  that  of  any  other  central  station 
in  the  country.  Steam  plants  are  located  at 
Oklahoma  City,  Enid,  Drumright,  Sapulpa, 
and  Muskogee,  and  other  plants  at  Sand 
Springs  and  Tulsa  are  tied  into  the  system, 
making  a  total  present  capacity  of  33,000  kw. 
Oil  and  gas  are  the  fuels  used,  as  no  water 
power  is  available. 
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The   oil    fields   in    Eastland   and    Step 
ties  in  the  west  central  part  of  Te: 
!>■.  the  Oil  Belt  Power  Company,  from 
•:i  plant  on  the  Leon  River. 
tied  in  with  a  900-kw.  st  '  Eastland, 

400  kw.  at   Ranger  and  200  kw.  at  Brecken- 
ridge.    The  Leon  plant  was  only  r<  i 

;  field  load  il  over 

kw.  but  eli  m   in  this  di 

All    the 
ir  fuel,  thosi  r  and 

ng  oil-engine   driven      The 
Leon  and   Eastland  plants  a 

a   I2,000-vol1   looped  distrib 
m  which  covers  the  Ranger  field,  while 
from    L   m    a    28-mile   60,000-volt   line   runs 


TABLE  I 

ISOLATED   ELECTRIC    POWER   PLANTS   IN    THE   OIL  FIELDS 

Over  100  kv-a. 


Company 

Location 

Capacity 

Prime    ' 

Oil  &  ] 

Goose  Creek,  Texas 

_." 

Steam  turbii; 

Gulf  Production  Co. 

Goose  Creek.  Texas 

1875 

■ 

|              Oil  &  Refini 

i 

1250 

....   ,  . 

' 

El  Dorailo,  Kansas 

1 21  ii  i 

Oil  engines 

1 

ing  Co. 

Hosston,  La. 

llll'.") 

engines  an*: 
and  g:> 

South  Pcnn  Oil  Co. 

Folsom,  W.  Va. 

Gas  engines 

luction  Co. 

Hull,  T 

625 

Steam  turbines  (of. 

Co. 

Shamrock,  Okla. 

540 

Gas  engines 

8    Fuel  Corp. 

Jennings,  La. 

225 

Oil  engines 

'  Co. 

(Saratoga,  Tex 

is, 

Steam  engines  (oil 

Texas 

The  recent  oil  booms  in  Texas  have  done 
much  to  awaken  the  power  companies  to  the 
oad    which   the  oil  industry 
■orthern  part  of  the  State,  the 
Wichita  Falls  Electric  Company  extended  its 
lines  ii  <  >ls  and  has  taken 

on  an  oil  field  load  of  about  371 1(  >  kw.   This  load 
will  continue  to  grow,  as  only  a  small  percent- 
ile wells  are  now  pumped  by  motors. 

d  a1  22,1 -  olts  from  the 

city  of  Wichita  Falls  approximately  25  to  30 

miles  to  the  fields,  the  service  being  pro; 

by  a  loop  system.     Another  line  25  miles  in 

reaches    the    older    Iowa    Park    and 

fields,  but  the  oil  field  load  there  is  now 

small.     Primary  distribution  is  at  4160  volts, 

■-ii  to   lid  volts  at  the  wells.     All 

the  power  is  generated  in  a  10,900-kw.  steam 

plant  at  Wichita  1  oilfor  fuel. 


to  the  Breckenridge  field.    '1":  :•:  the 

motors  is  440. 

Except  in  the  Spindletop  field,  where  the 
Beaumi  int  Electric  Light  and  Power  Company 
serves  a  number  of  leases  for  oil  well  pump- 
ing, no  central  station  power  is  available  in 
the  Gulf  Coast  pools,  and  consequently  the 

mpanies  which  have  installed  m 
have  built  their  own  plants  or  rely  upon 
neighboring  companies  for  power.  The  Goose 
Creek  field,  Fig.  5,  has  two  such  installations. 
and  there  are  a  number  of  others  in  various 
fields,  these  being  listed  in  Table  I.  Plans 
under  consideration  by  these  and  other  oil 
companies  indicate  that  several  additional 
isolated  plants  will  soon  be  built,  the  invest- 
ment beihg  well  warranted  by  the  increase  in 
prodvetion  and  thee  large  reduction  in  the 
cost  of  operation  effected  by  a  genera!  elec- 
trifiaation  of  the  leases. 
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Load  Conditions  in  the  Glass  Industry 

A  USER  BUT  NOT  BUYER  OF  ELECTRIC  POWER 


By  C.  W.  Fick 
iwer  ami  Mining  Engineering  Department,  Generai   Elei  ikm   (jurwi 


T1 


glass  industry 

has   not   been  a 

large     purchaser     of 

central  station  power. 
Not  that  there  is  any 
question  about  the 
application  of  elec- 
tric motors  to  the 
various  drives ;  on  the 
contrary  some  of  the 
complex  glass  prod- 
uct machines  would 
require  an  entirely 
different  design  were 
c.  w.  Fick  not  motors  available, 

and  in  the  manufac- 
ture of  plate  glass  the  grinding  and  polishing 
time  would  be  increased  were  not  available 
tlie  quick  starting  and  stopping  by  electric 
motors.  Neither  is  it  because  the  glass  man- 
ufacturers have  not  realized  the  economies 
and  advantages  resulting  from  electric  drive, 
for.  according  to  the  1914  census  report,  54 
per  cent  of  the  primary  power  is  transformed 
;  i  •  electric  power. 

The  reason  is  that  the  industry  has  been 
generating  its  own  power.  In  1014  the  in- 
stalled horse  power  was  approximately  93,000, 
20  per  cent  of  the  power  for  which  was  pur- 
chased  and  the  remainder  generated  at  the 
plants.  It  is  estimated  that  in  11)2(1  the  total 
installed  horse  power  was  about  150,000,  lor 
which  25  per  cent  of  the  power  was  purchased. 
Why  have  not  glass  manufacturers  pur- 
chased more  of  their  electric  power  J1  A  cheap 
fuel  supply  (natural  gas,  or  coal  for  making 
producer  gas)  has  determined  the  location  of 
glass  making  establishments;  hence  we  find 
Pennsylvania.  Ohio.  Indiana,  and  West  Vir- 
ginia producing  75  per  cent  of  the  glass  made 
in  the  United  States,  with  Pennsylvania's  out- 
put alone  constituting  33  per  cent  of  the  total. 
With  cheap  fuel  for  the  melting  furnaces  and 
annealing  lehrs  in  his  plant,  is  it  strange  that 
the  manufacturer  should  use  it  for  his  power 
source  ?  The  use  of  gas  engines,  either  for  driv- 
ing generators  or  in  some  cases  for  direct  appli- 
cation to  the  process,  was  a  very  natural  result. 
But  the  natural  gas  supply  is  failing.  In- 
deed in  some  sections  it  has  already  disap- 
peared. In  others  its  use  for  industrial  pur- 
poses has  been  greatly  curtailed.     The  glass 


engineers  are  making  preparations  for  an  alter- 
na1  ive  power  supply. 

General  Load  Conditions 

Regarding  the  magnitude  of  the  load,  it  was 
stated  above  that  in  191  I  the  installed  elec- 
tric horse  power  was  93,000,  and  an  estimate 
for  1920,  150,000.  The  ratio  of  average  load 
to  installed  power  is  about  (i()  per  cent,  mak- 
ing the  average  load  in  the  neighborhood  of 
80,000  kw.,  or  the  average  continuous  output 
of  '.mi.ikio  h.p.  for  the  latter  year.  As  in  most 
industries  where  fusion  of  the  product  is 
involved,  the  plants  operate  24  hours  per  day, 
and  the  average  number  of  days  per  year  is 
280.  Thus  the  annual  consumption  of  elec- 
tric power  is  500,000,000  kw-hr.,  not  a  large 
load  in  comparison  with  that  of  many  other 
industries,  but  considering  the  localized  con- 
dition it  is  certainly  worth  consideration. 

In  1020  there  were  about  340  glass  man- 
ufacturing plants  in  this  country;  thus  the 
average  installed  power  per  plant  is  440  h.p. 

The  load  is  practically  all  alternating-cur- 
rent power,  affording  economical  transmission 
and  transformation  to  any  desired  voltage. 
The  applications  are  as  a  rule  constant  speed, 
or  if  varying  speed  the  variation  is  required 
but  a  small  part  of  the  time,  making  possible 
the  use  of  the  sturdy  and  easily  controlled 
induction  motor. 

The  shape  of  the  load  curve  depends  on  the 
product;  for  some  of  the  bottle  works  and 
window  glass  factories  it  is  usually  quite 
uniform,  while  for  the  plate  glass  plants  it  may 
at  times  be  uniform  and  at  others  very  irreg- 
ular. The  reasons  for  this  irregularity  will  be 
explained  later. 

There  is  little  choice  with  regard  to  fre- 
quency, sixty  cycles  having  a  slight  advantage 
because  of  the  greater  choice  of  speeds  and 
lower  cost  of  apparatus.  If  25  cycles  only  is 
available,  however,  it  will  usually  be  more  eco- 
nomical to  use  motors  of  that  frequency  than 
to  purchase  frequency-changing  apparatus. 

The  products  of  the  industry  may  be 
divided  as  follows: 

Building  glass  (including  plate,  window, 
wire,  and  obscured). 

Pressed  and  blown  glass  (such  as  lamp 
globes,  table  ware,  shades,  etc.). 

Bottles  and  jars. 
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Fig.  1.    Schematic  Diagram  of  the 

Sequence  of  Processes  in  Plate 

Glass  Manufacture 

of  the  processes  in  this  branch  of  glass  man- 
ufacture will  afford  a  better  idea  of  the  power 
requirements. 
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Fig.  2.      Typical  Duty  Cycle  Load  Curves  for 
the  Grinding  Operation 

Process  of  Plate  Glass  Manufacture 

Referring  to  the  chart  of  sequence  of 
processes.  Fit;.  1.  the  primary  constituent 
materials — sand,  limestone,  and  soda  ash 
in  the  proportions  of  100,  25.  and  :>."> — are 
thoroughly  mixed  in  the  batch  house. 


Mixers  requiring  1">  to  30  h.p.  are  used  for 
this  work.  Push  cars  or  conveyors  transfer 
the  batch  to  bins  in  the  furnace  room,  and 
hand  operated  ladles  dip  it  into  the  melting 
pots.  The  volume  of  the  mixture  is  so  reduced 
by  fusion  that  three  pots  of  batch  arc  required 
to  make  one  pot  of  glass.  The  temperature 
of  fusion  is  about  2600  deg.  P. 

The  clay  pot  of  molten  glass  is  earn. 

erhead  crane  and  balanced  tongs  to  the 
g  table  upon  which  it  is  poured  and 
rolled  into  sheets  aboul  18  ft.  square  and  one- 
half  inch  thick.  Live  rolls  carry  the  sheets 
into  the  lehr  or  annealing  oven,  a  long  tunnel- 
like room  the  entrance  end  of  which  is  heated 
by  gas  to  the  temperature  of  the  cherry  red 
glass.  Revolving  grates  pass  the  sheets 
slowly  through  the  lehr  (each  section  of  which 
is  at  a  lower  temperature  than  the  preceding 
i  -ringing  them  after  about  four  hours  to 
the  cold  end. 

So  far  in  the  process  the  motor  applications 
have  been  only  small  crushers,  mixers,  cranes, 
and  revolving  grate  motors.  The  next  step<. 
grinding  and  polishing,  are  where  the  largest 
amounts  of  power  are  used.  The  plates,  large 
ones  which  came  from  the  lehr  whole  and  per- 
fect, and  small  ones  which  had  to  be  broken 
because  of  strains  resulting  from  unequal 
cooling,  are  placed  on  a  flat  circular  table.  20 
to  .iii  ft.  in  diameter,  covered  with  quick  dry- 
ing plaster  of  paris.  The  table  is  moved  on  a 
transfer  car  to  a  motor  driven  spider.  The 
motor  is  started  and  cast-iron  shoes  are  low- 
ered on  the  revolving  table  of  glass.     With  the 


=*fff 


Step  Bear'incj 


Fig.  3.     Layout  of  Motor 
Drive  Mechanism 

aid  of  sharp  sand  the  rough  surfaces  of  the 
glass  plates  are  ground  off.  At  first  coarse 
sand  is  used,  but  as  the  high  spots  disappear 
finer  sand  is  applied  and  the  pressure  on  the 
shoes  decreased.  Fig.  2  shows  a  typical  duty 
cycle  of  the  grinding  operation,  and  Fig.  3  the 
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mechanical   arrangement    of   the   motor  and 

driving  mechanism. 

The  polishing  mechanism  is  similar  to  the 
grinding  arrangement,  except  that  felt  pads 
and  rouge  replace  the  iron  shoes  and  sand, 
and  gives  the  glass  surfaces  a  highly  polished 
finish. 

Fig.  4  illustrates  the  power  cycle  of  the 
polishing  motor.  These  curves  explain  the 
variation  in  the  plant  load  curve,  for,  as  there 
are  sometimes  16  or  18  of  these  polishers  and 
grinders  in  a  single  plant,  should  their  rest 
periods  coincide  an  uneven  lpad  would  result; 
but  if  the  rest  periods  are  properly  "staggered" 
a  uniform  load  is  maintained. 

The  approximate  power  requirements  for 
tables  of  various  sizes  are  shown  in  Fig.  5, 
varying  of  course  with  conditions  of  periph- 
eral speed  and  pad  or  shoe  area. 

The  starting  torque  for  grinders  and  polish- 
ers is  only  30  to  40  per  cent  of  normal 
running  torque.  Because  manufacturers  have 
deemed  it  necessary  to  operate  the  tables  at 
a  reduced  speed  the  first  10  or  15  minutes  of 
each  operation,  slip-ring  induction  motors 
have  been  used.  This  low-speed  operation 
increases  the  time  required  for  the  operation 
and  there  is  a  tendency  toward  bringing 
the  table  immediately  to  top  speed,  and 
with  this  condition  squirrel-cage  or  synchro- 
nous type  machines  could  be  applied  advan- 
tageously. 
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Fig.  4.      Typical  Duty  Cycle  Load  Cu 
Polishing  Operation 


Magnetic  control  is  recommended  for  the 
polisher  and  grinder  motors,  for  it  makes  the 
operation  less  dependent  on  the  attendant, 
and  because  such  control  is  designed  better  to 
meet  the  sometimes  frequent  jogging  required 
for  spotting  the  tables  on  the  tracks. 


Many  applications  for  pumps  are  found  in 

a  plate  glass  plant:  Water  pumps  for  (ire  pro- 
tection, engine  room,  and  cleaning  purposes; 
plaster  pumps  for  the  tables;  and  sand  pumps 
for  the  grinders. 


/ 

Polisher— 

i    / 

—Grinder 

Diam.  of  Table  (Feet) 


Fig.  5.      Approximate  Load  Requ 
Various  Size  Tables 


The  following  tabulation  shows  the  prin- 
cipal motor  applications  with  the  proportion 
of  total  power  which  each  requires : 

Polishers 45  per  cent 

Grinders 35  per  cent 

Pumps 10  per  cent 

Compressors  and  fans 5  per  cent 

Conveyors,  cranes,  and  hoists.  ...    2  per  cent 

Mixers  and  agitators 2  per  cent 

Miscellaneous 1  per  cent 

If  properly  motored  the  power-factor  may 
easily  be  maintained  at  80  per  cent  or  better. 

Future  developments  in  the  glass  industry, 
insofar  as  the  electrical  world  is  concerned,  lie 
along  the  lines  of  direct-connected  motors  for 
the  grinders  and  polishers  in  the  plate-glass 
branch,  and  of  electric  furnaces  and  annealing 
lehrs  in  all  branches.  Fig.  3  shows  the  heavy, 
expensive,  and  inefficient  construction  re- 
sorted to  for  operating  the  tables,  to  better 
which  the  proposition  of  a  direct-connected 
motor  of  the  induction  or  synchronous  type 
is  being  seriously  considered.  Such  a  drive 
will  require  much  less  space  than  the  present 
arrangement,  will  eliminate  the  power  consum- 
ing and  expensive  gears,  with  their  necessary 
construction    work,    and    will    minimize    the 
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number  of  span 
tinuous  operation. 
The  possibilities  of  the  application  oi 

ri  alized,  and 
,  Lted 
ling  lehr  is  i  il  operation 

■  reel  and  accurate  tempera- 
i  of  the  lehr  is  evident  from  the 
hi    breakage  due  to 
cooling  rum 


SO    per    cent.      The    control    for   electrically 
I  [ehrs  and  ovens  can  be  made  entirely 
automatic  so  that,  once  adjusted,  the  results 
are  perfectly  uniform. 

With    the   advent    of   a   commercial 

furnace  which  can  compare  in   co  : 
with   the   present   tank   or  pot    furnace    thi 
failing  gas  or  oil  supply  will  not  be  the 
nus  propo  ition    for   the   industry  that   it  is 
today. 


Electric  Drive  for  Flour  and  Grist  Mills 

By  W.  T.  Edgell,  Jr. 
Power  >\n  Minim.  Engineering  Department,  General  Electrk  Company 


I 'J'  is  estimated  I  ha1 
the  power  required 
by  the  milling  indus- 
try in  the  productii  m 
i  mill 
productsinthe  United 
St  ,'i  t  es  is  approxi- 
mately '.Kin, ihki  h.p. 
This  figure  applies 
only  to  merchant 
mills,  that  is.  mills  in 
which  the  grain  is 
purchased,  manufac- 
tured into  flour,  and 

W.  T.  Edgell,  Jr.  ^       ^       U)       the 

I      i  io1    include   either   the 

small   custom   nulls   which  grind  for  toll  or 
the  large  number  of  cram  elevators  in  which 

rain  is  cleaned,  dried,  mixed  or  stored 
fur  trans-shipment,  but  in  which  no  grind- 
in-  operation  is  performed.  Only  15  per 
cm i  of  this  pi  iwer  is  a]  <plied  by  electric  motors, 
but  approximately  50  to  (ill  per  cent  of  the 

milling   capacity   is  within   easy  reach 

'  service.     Steam  and  water 

I inwer   have   shown   a  decreasing  proportion 

1904,  but  in  L914  these  two  classes  of 
power  represented  76.9  per  cent  of  the  total 
reported  fur  the  industry.  The  use  of  electric 
power  has  shown  a  steady  increase  from  two 
pei  cenl  of  the  total  in  1<I()4  to  approximately 
1.")  per  cent  in  11117.  The  power  requirements 
■  if  the  average  mill  are  not  great,  the  average 
installed  horse  power  being  about  75.  but 
nearly  every  central  station  has  one  or  more 
possible  power  consumers  in  this  industry. 

The  milling  of  flour  of  the  quality  required 
by  the  present-day  consumer  is  a  complicated 
process  necessitating  4(1  or  50  distinct  opera- 
te ms.  These  1 1]  ierati<  »ns  must  be  performed  in 
definite  sequence  through  a  continuous  proc- 


ess.    Fig.  1  illustrates  on  a  small  scale  thi 
damental  sequence  of  operation 

The  preliminary  cleaning  and 
the  grain  is  distinct  from  the  milling  opera- 
tion. The  grain  as  received  from  the  wagon 
"r  car  is  dirty  and  mixed  with  miscellai 
eeds  and  foreign  matter.  It  is  dumped  into  a 
bucket  elevator  leg,  carried  to  the  storage 
bins,  and  then  fed  l>y  gravity  into  the  si 
tors.  In  the  separators  it  passes  through 
suction  legs  where  light  impurities  are 
removed.  The  grain  is  then  treated  by  a 
series  of  sieves  for  the  separation  of  straw, 
stems,  unthreshed  heads,  thistles  corn,  cockle. 
mustard,  sand,  etc.  One  set  of  sieves  renn  >vcs 
all  material  larger  than  the  wheat.  Another 
set  will  remove  material  that  is  smaller  and 
possibly  a  third  set  will  depend  for  its  separat- 
ing action  on  the  shape  of  the  seed  it  is 
designed  to  remove.  After  all  of  the  im- 
purities have  been  removed  by  the  screening 
and  suction  processes,  the  wheat  berries  are 
carried  into  a  scouring  chamber  where  dirt. 
smut,  and  fuzz  are  brushed  from  the  wheat 
and  carried  off  by  a  strong  blast  of  air. 

The  cleaned  wheat  is  then  tempered  or 
conditioned  by  steam  or  water  to  toughen  the 
bran  and  to  make  all  the  berries  of  the  same 
hardness. 

After  being  cleaned  and  tempered  the 
wheat  goes  through  the  roller  mills.  The 
object  now  is  to  separate  the  germ  and 
bran  from  the  flour  component.  After  the 
berry  is  broken  by  the  corrugated  breaking 
rolls  it  is  passed  through  smooth  reducing 
rolls  which  flatten  instead  of  cut  the  material, 
thus  making  it  possible  to  screen  out  the 
minute  flakes  of  bran,  genu,  etc..  while 
the  finely  powdered  flour  passes  through  the 
bolting  cloth.  The  material  passes  through 
several   sets  of  breaking  and  reducing   rolls 
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and  between  each  passage  the  product  is 
screened  or  bolted  because  it  is  possible  a1 
various  stages  of  the  process  to  diverl  a 
certain  amounl  of  finished  product  directlj 
to  the  flour  bins  or  to  discard  other  pari  ; 
because  their  flour  content  is  so  small  thai 
further  processing  is  useless.  The  resulting 
products  are  flour,  bran,  and  shorts. 

The  foregoing  description  of  the  process 
applies  onh  to  the  essential  operations  in  flour 
milling.  Many  mills  grind  feed,  corn,  rice, 
barley,  rye,  etc.,  in  addition  to  wheat  Hour,  ami 
in  each  mill  the  process  differs  in  some  detail. 
The  power  requirements  of  a  given  mill  will 
depend  largely  upon  the  grade  of  Hour  that  is 
being  manufactured,  the  type  of  machinery 


Fig.  1.      Diagram  Showing  the  Fundamental  Sequence 
of  Processes  in  the  Milling  of  Flour 

used,  as  well  as  upon  the  milling  operations 
which  are  being  performed  on  other  grains. 

The  following  is  a  summary  of  the  machines 
most  commonly  found  in  flour  and  grist  mills : 

Preliminary  Cleaning  and  Separating  Ma- 
chinery: Receiving  separators,  corn  shellers, 
oat  clippers,  cockle  cylinders,  scalpers,  scour- 
ers, smutters,  washers. 

Grinding  Mills:  Roller  mills,  buhrstones 
and  other  stones,  com  crushers,  scroll  mills, 
iron  stones,  attrition  mills,  impact  grinders, 
miscellaneous  type  farm  feed  mills,  hullers, 
and  degerminators. 

Cleaning  and  Purifying  Machinery:  Aspi- 
rators, reels,  plan  sifters,  bolters  and  gyrators, 
purifiers,  bran  and  shorts  dusters,  bleachers. 


( 'onveyoi  .  .7,  Car  shovels,  elevator  belts, 
conveyor    belts,     screw     conveyors,     packers. 

The  majority  of   the   smaller  mills  an 
presenl  being  driven  b      team  engine  .     Very 
little   steam    is   used    lor   process   worl    and 
111  mo  I   ol  i  fie  .i    im  tallations  the  size  of  the 

le  and  available  wati  i   supply  .1 1 

warrant    a   o    id<  equipmenl       Such  an 

arrangemi  a1  i:  no;  generall}  economical. 
Furthermore,  the  usual  layout  provides  for 
one  engini  to  'In .  e  the  entire  mill,  winch 
means  heavy  line  shafting  with  consequent 
increase  in  lire  hazard  from  over-heated 
journals  due  to  faulty  hanger  alignment, 
accidental  distortions,  or  imperfect  lubrica- 
tion. Such  installations  require  a  large 
number  of  belts  with  correspondingly  high 
maintenance  losses,  as  well  as  a  tremendous 
fri' Hon    loss    in    the    transmission     system. 

It  should  be  remembered  that  -rain  dust 
is  highly  explosive  and  the  ordinary  steam 
engine  drive  necessitates  cither  a  boiler  room 
dangerously  close  to  the  mill  or  the  alter- 
native of  heavy  transmission  losses  in  rope 
drives  or  steam  mains.  The  presence  of  a 
boiler  room,  unless  it  is  installed  in  a  tire- 
proof  building,  increases  the  insurance  rate 
from  approximately  15  per  cent  in  the  case 
of  stone  or  brick  mills  to  50  per  cent  in  the 
case  of  frame  buildings  above  the  normal 
charge  for  properly  electrified  mills.  The 
insurance  charges  are  under  most  conditions 
considerably  less  for  motor-driven  than  for 
steam-driven  mills. 

Water  power  is  depended  upon  to  a  great 
extent  in  the  smaller  plants.  The  more 
evident  disadvantages  are  the  limited  amount 
of  power  available  which  generally  requires 
supplementing  by  some  other  power,  reduced 
capacity  with  possible  necessity  of  shutdown 
during  the  dry  season  and  low  water,  and 
possible  troubles  due  to  backwater  in  the 
tailrace  during  flood  seasons.  These  troubles, 
high  maintenance  cost  of  shafting  and  belts, 
as  well  as  poor  speed  regulation,  offer  sufficient 
reason  in  many  cases  to  change  over  to  electric 
drive  or  to  adopt  it  as  reserve  or  break- 
down service. 

The  use  of  electric  motors  makes  it  possible 
to  sub-divide  the  machines  in  such  a  way  as 
to  eliminate  a  large  part  of  the  friction  losses 
in  the  transmission.  The  fire  danger  is 
reduced  because  there  are  fewer  bearings  to 
i  iverheat  and  less  danger  of  the  inflammable 
dust  coming  into  contact  with  a  burning 
flame.  It  is  possible  to  operate  the  receiving 
and  cleaning  machinery  without  driving  the 
flour   milling   machinery,    and    the    packers, 
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ieed  o 
operated  when  I  al  need  for  them. 

It  is  estimati  ariation  in 

ing  the  best 
limination  of  bell 
■  m,  motor-driven 
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Practically  all   motors  used   in   flour  mill 

are  of  low  or  moderate  speed  and  are 

The 
dusl  which  pervades  the  mills  is  oily  and 
tends  to  pack  inti  ices  in  the  frames 

isulation   thus  interfering  with  venti- 
lation.    This  dust  is  also  highly  inflammable 
when  in  suspension  in  the  air.     Squirrel-cage 
and    wound-rotor   motors    with    en- 
closed may  be  used  in  relatively 


clean  locations,  but  it  is  preferable  in  all  dusty 
Ideations  to  use  enclosed  ventilated  motors, 
or  if  possible  to  enclose  the  motors  in  separate 
well-ventilated  dust-proof  and  flash-proof 
compartments.  The  wiring  should  be  in  con- 
duit, the  motor  connections  should  be  made 
through  conduit  terminal  boxes,  and  the 
fuses  and  switches  should  be  enclosed  in  dust- 
proof  cabinets.  The  use  of  electric  lights  is 
a  decided  improvement  over  any  other  type 
of  lighting,  but  explosions  have  been  attrib- 
■  the  breaking  of  a  lamp  bull)  when 
in  a  dust-laden  atmosphere,  and  it  is  advis- 
able in  all  cases  that  the  lamps  should  be 
provided  with  proper  guards. 

The  use  of  electric  power  allows  a  very 
flexible  arrangement  of  drive.  The  milling 
process  is  continuous  and  provision  must  be 
50  that  the  product  will  pass  through 
the  successive  operations  automatically;  and 
if  any  machine,  elevator,  or  conveyor  stops, 
all  previous  operations  in  the  sequence  should 

bo   i  in  vent  cL  I  he  system.     The 

milling  machinery  may  be  driven  from  one 
motor,  or  unit  operation  may  be  effect* 
bringing  the   control   of  a   complete   section 

ommon  panel  and  so  wiring  it  that  the 
motors  can  be  started  either  at  once  or  in 
a  predetermined  sequence  and  so  that  if  one 
motor  stops  all  other  motors  preceding  it  will 
stop  also.  If  a  single  motor  is  used  without  a 
friction  clutch  for  group  drive  it  should  be  of 
the  slip-ring  type  if  alternating-current  ore  im- 
pound wound  if  direct-current,  but  if  a  frid  i<  m 


TABLE  II 

Horse  Power 
I  nstallcd 

Number 

Motors 

Running 
Per  V 

Average 

Kw-hr.  Per 

Month 

Maximum 

Kw-hr. 
Demand 

Average  Kw-hr. 

Per  Month 

Per  Connected  H.P. 

25 

2 

.'ill 

758 

30.3 

in 

24 

.-,7(1 

25 

14.2 

40 

60 

3860 

31 

'.'7  ii 

50 

65 

3450 

21 

69.0 

iO 

66 

2600 

52.0 

50 

66 

4250 

85.0 

60 

66 

8000 

133.3 

5 

60 

5990 

72.2 

[05 

3 

IS 

.5660 

80 

54.(1 

105 

2 

144 

27857 

265.0 

1  l(i 

3 

66 

ilSMl 

75 

90.0 

120 

2 

60 

16670 

90 

139.0 

1 50 

2 

54 

15700 

94 

105.0 

150 

1 

60 

34096 

227.0 

200 

2 

144 

50000 

145 

250.0 

265 

6 

66 

31666 

196 

119.7 

265 

2 

120 

50000 

170 

189.0 

300 

1 

123882 

413.0 

320 

4 

1.8 

55100 

172.0 

380 

8 

72 

2000(1 

90 

52.5 

820 

23 

144 

199672 

413 

243.5 
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clutch  is  used  the  motor  may  be  either  of  the 
synchronous  or  squirrel-cage  type. 
'  Duplicate  systems,  parallel  processes,  receiv- 
ing elevators,  separating  and  scouring  machin- 
ery, packers,  hoists,  fire  pumps,  and  fans 
may  all  be  driven  in  separate  groups,  thus 
increasing  the  efficiency  of  the  plant. 

With  either  the  single  motor  or  subdivided 
drive,  push-button  stations  should  be  located 
at  convenient  points  so  that  an  entire  mill 
section  may  be  stopped  from  any  one  of  them. 

Table  I  shows  the  average  installed  horse 
power  required  for  flour  mills  using  one  main 
driving  engine  or  motor  with  the  consequent 
large  amount  of  shafting  and  belting.  The 
power  requirements  of  the  receiving  or  clean- 
ing machines  are  not  included  but  the  figures 
given  do  include  grinding,  auxiliary  bolting, 
and  elevating  machinery.  The  values  vary 
considerably  but  will  serve  as  a  guide  in 
checking  estimates  based  on  actual  layouts. 
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For  mills  above  500  barrels  capacity 
which  arc  well  planned  but  which  use  the 
single  motor  drive,  3}^  barrels  capacity  per 
horse  power  would  be  estimated  for  soft 
wheat  and  three  barrels  per  horse  power  for 
hard  wheat.      In  the  more  modern  mills  with 


ves  of  Seasonable  Distribution  of  Load 
Flour  Mills  and  Grain  Elevators 


Fig.  3.      Panels  for  Controlling  46  Motors  in  an 
Electrified  Terminal  Elevator 

individual  or  sub-divided  group  drive,  a  fair 
estimate  would  be  one  horse  power  for  each 
3H  barrels  per  24  hours  capacity  in  mills 
rated  at  less  than  1000  barrels,  and  one  horse 
power  to  four  barrels  capacity  in  the  larger 
mills,  excluding  of  course  the  receiving  and 
preliminary  cleaning  machinery. 

For  cereal  mills  manufacturing  hominy, 
corn  meal,  etc.,  a  good  checking  figure  is  based 
on  two  horse  power  installed  for  each  bushel 
per  hour  capacity  up  to  100  barrels  per  hour. 
For  larger  mills  this  figure  would  be  approxi- 
mately 1%  horse  power  per  bushel  per  hour. 

It  is  difficult  to  predict  the  current  con- 
sumption per  barrel  of  flour  unless  the  mill 
layout  is  known,  but  with  a  very  efficient 
properly  divided  electric  drive  in  a  new  mill 
it  should  be  possible  to  reduce  the  power 
consumption  to  four  kilowatt-hours  per 
barrel.  In  well-designed  mills  a  figure  of  four 
to  six  kilowatt-hours  per  barrel  has  been 
attained,  but  in  the  ordinary  small  mill  the 


GENERAL  ELECTRIC  REVIEW 


Vol   XXIV,  No.  6 


■airs. 
Table  [Iwi 

■  -i  will  be  of  inter- 

■  '.     mills  grii 

■  unbination 
■.ill  be  not<  d 

r  consumption  per 
•  jO  kilowatt  h<  airs. 

al  distribute 
and  grain  ele\  i 
which    an-    used    to 
d  clean  various  grains, 
■  larticularly  applicable, 
the  drives  may 
ach  machine  and  each  con- 
r  is  driven  by  its  own  motor. 
ided    saving    in    power, 
main:  1    construd  -    and 

he  tin-  hazard. 


These   features  can   be  illustrated  by  the 

following     data     relating     to     one     terminal 

The  elevator  itself  is  7:>  ft.  wide, 

long  and   185  ft.  high.     The  distance 

from  the  elevator  to  the  motor  in  the  farthest 

tower  is  approximately  1200  feet.     The  total 

installed  horse  power  is  2215,  bu1    1045 

i-  installed  on   the  top  floor   175 

round.     Fig.  '■',  shows  the  central 
lling  panel  for  the  4(i  motor-.     All  of 

lant  in 

se    to    signals    from    the    machinery 

and     push     buttons     located     at 

convenient    points    throughout    the   elevator 

make   it    possible   to   shut    down   any  motor 

with  consequent   automatic  shutdown  of  all 

ntinued    open  which 

would  clog  the  system  or  pile  up  the  grain. 

It    is   evident   that    the    successful   operation 

of  an  elevator  of  tins  type  is  rendered  possible 

onlv  bv  the  use  of  motor  drive. 


Electric  Shovel  Load  Characteristics 

By  D.  Stoetzel 
Power  \nh  Minim.  Engineering  Department,  General  Electric  Company 


THE  modem  elec- 
tric shovel  is  not 
a  new  or  untried  ap- 
plication   of    electric 
r  to  this  severe 
service.       Ten    years 
ago  the  electric  shovel 
was   looked   upon    as 
an     experiment    and 
was     considered     an 
impossibility:  but  the 
-'novels,  although 
lacking   in    the    finer 
_,  _        ,  details,    proved    con- 

clusively  that  they 
had  opened  a  new  and  very  promising  field  for 
■  application.  Today  this  regard  of 
electric  shovels  has  changed,  as  is  evid 
by  the  large  number  of  such  shovels  in  suc- 
cessful operation  and  the  growing  tendency 
toward  their 

This  change  in  attitude  has  been  largely 
due  to  the  increased  cost  of  coal,  which  has 
I  the  operator  to  seek  cheaper  means  of 
operating  the  shovel.  Naturally  he  turned 
toward  the  electric  shovel  which  he  had 
shunned  for  so  many  years,  and  his  investiga- 
tion led  him  to  recognize  its  many  advantages, 
which  had  always  existed  but  had 
viously  overlooked. 


It  must  not  be  inferred  that  the  electric 
shovel  is  not  a  paying  investment  except 
where  fuel  is  expensive,  because  a  good  saving 
in  operating  expense  has  always  been  possible 
even  where  coal  is  obtainable  at  a  ridiculously 
li  iw  figure.  As  a  matter  of  fact,  a  large 
number  of  these  shovels  are  operating  in  the 
coal  fields  where  an  unlimited  coal  supply  is 
available  beneath  the  shovel  trucks. 

There  can  be  no  doubt  that  the  electric 
shovel,  when  furnished  with  the  proper 
electrical  equipment,  becomes  a  desirable 
power  system  load.  There  have  been  s<  me 
complaints  regarding  power  peaks  on  shovels 
having  alternating-current  motor  equipment 
but  this  condition  can  be  readily  overcome  as 
will  appear  in  the  following  explanation.  The 
majority  of  the  shovels  operate  on  a  ten-hour 
shift,  both  day  and  night,  and  some  operate 
continuously,  shutting  down  only  for  oiling, 
adjustments  and  repairs.  Electric  shovels 
are  also  capable  of  operating  all  the  year 
round,  not  being  affected  by  severe  cold 
weather  as  is  the  steam  shovel. 

There  is  little  doubt  that  direct-current 
motors  have  a  decided  advantage  over 
alternating-current  motors  for  all-around 
shovel  work.  Alternating-current  motors, 
used  in  connection  with  transformers,  sim- 
plify transmission  problems.     On  the  other 
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hand,  they  do  not  give  as  good  operating 
characteristics  as  direct-current  motors  and 
require  larger  motors  for  the  same  work. 
The  alternating-current  shovel  as  a  unit  will 
tend  to  be  slower  or  the  power  peaks  will  be 
considerably  higher.     Consequently  the  cosl 


service.  The  transmission  difficulty  is  best 
remedied  by  providing  a  2300  or  I000-vol1 
synchronous  motor  driving  individual  dif- 
ferential-wound generators,  one  for  each 
motion  on  the  shovel.  This  requires  three 
direct-currenl    generators     hoist,  swing,  and 


Fig.  1.      300-ton  Electrically-operated  Shov-1  Loading  Ca 


Fig.  2.      Electrically-operated  Shovel  Taking  6  Cu.  Yd.  Mouthful 


of  operation  will  be  increased.  Direct-current 
motors  greatly  increase  the  power  transmis- 
sion problems  but  afford  better  operating 
characteristics.  In  fact,  the  series-wound 
direct-current  motor  can  approximate  or 
even  exceed  the  steam  engine  characteristics 
which  are  admitted  to  be  very  good  for  this 


crowd — and  an  exciter  connected  to  the 
synchronous  motor.  The  entire  set  is  suitably 
mounted  on  the  shovel.  A  typical  set  is  shown 
in  Fig.  3. 

It   should   be   noted  that  the  size   of  the 

.  synchronous  motor  varies  from  435  kv-a.  on 

the  largest  shovels  to   100  kv-a.  on  some  of 


GENERAL  ELECTRIC   REVIEW 


Vol.  XXIV.  X,,  6 


nchi 
■  taintain  approxi- 

itting    the    high- 

,  is  unique  a 

-.ally    constra 
nmored  cabli 
A  cable  reel  with 
•  rings  is  suspended  1" 

i     ,  additional 
i  brushes  pi  I  rans- 


one  section  of  the  country  to  another  where 
er  available  is  of  another  voltage. 
Another  type  of  small  shovel  is  the  friction 
This    type    depends    on    friction 
clutches  for  the  transmission  and  control   of 
A    small    squirrel-cage    motor. 
usualh   aboul    ">n  h.p.,  is  sufficient  to  furnish 
i  lu-  mil  ial  power. 
A  typical    power  input  curve    for  a  large 
shovel,  with  synchronous  motor- 
and    individual    differential- 
wound  generators  for  the  various  motioi 
shown  in  Fi 


Motor-generator  Set,  Consisting  of  a  Synchronous  Motor.  Exciter,  and  Thr< 
The  latter  individually  supply  the  operating  motors  with  power 


Diiect -current  Generato 


ing  pan  of  the  shovel      A     th    shovel 
i  supply,  which  is 
usualh-  the  transformer  station  that,  taps  the 
high-voltage  transmission  lines,  the  cabl 

nd  as  the  -:  es  back,  the 

cable  ic  reeled  up  again.    This  gives  a  radius  of 

qual  to  the  length  of  the  cable,  or 

a  maximum  span  of  nearly  half  a  mile. 

For  '.it;   small  size  shovels  it  is  advisable 

a  squirrel-cage  type  induction  motor 

for    driving    th.'    generator,    and    only    one 

generator  is  used  for  supplying  power  to  all 

of  the  direct-current  motors.     These  induc- 

!  so  that  their  primary 

windings  can  be  connected  for  either  2211  or 

4-1(1  volts,   for  the  shovels  often  move  from 


Tests  on  a  300-ton  coal  stripping  shovel 
indicate  an  average  power  consumption  per 
eight-hour  day  of  1050  kw-hr.  with: 

Minimum  15-minute  demand 262  kw. 

Maximum  15-minute  demand .'507  kw. 

Average  15-minute  demand 279  kw. 

This  power  consumption  indicates  a  low- 
operating  time,  probably  due  to  delays  while 
hovel  was  waiting  for  trains,  and  should 
be  approximately  1300  kw-hr.  per  eight-hour 
shift  based  on  70  per  cent  actual  working 
time.  The  instantaneous  peak  loads  may 
vary  from  500  to  600  kw..  although  they 
have  no  effect  on  the  power  bill,  as  power  is 
usually  purchased  on  a  15-minute  demand 
basis. 


TABLE  I 
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The  power  consumption  on  the  smaller 
revolving  and  railway  type  shovels  will  vary 
from  150  to  900  kw-hr.  per  ten-hour  shift 
depending  on  the  size  of  the  shovel  ami  tin 
nature  of  the  work.  Table  I  presents  data 
based  on  the  dipper  being  three-quarters  full 
of  material  on  the  average  and  the  shovel 
working  55  per  cent  of  the  time  on  a  ten-hour 
shift.  The  kilowatt-hour  consumption  is 
based  on  direct-current  series-motor  equip- 
ment and  automatic  contactor  control  with- 
out a  motor-generator  set. 

Although  the  instantaneous  power  peaks 
may  run  rather  high  on  any  one  shovel,  when 
compared  to  the  average  demand,  it  should 
In-  remembered  that  a  number  of  shovels 
will  seldom,  if  ever,  have  their  peaks  all  occur 
at  the  same  time.  This  diversity  tends 
to  stabilize  the  total  load,  and  is  also  a  reason 


nut    of    the    scarcity    of    water.      This    is 

especially  true  in  cold  weather  when  pipe 
lines  tend  to  freeze.  It  is  the  usual  practice 
to  shut  down  steam  shovels  during  several 
months  of  the  year  when  the  extreme  cold 
weather  makes  operation  practically  im- 
possible. The  electric  shovel  can  operate 
throughout  the  year.  The  operating  expense, 
including  labor,  depreciation,  and  repairs,  is 
usually  considerably  less  for  the  electric  than 
tor  the  steam  shovel.  This  fact,  coupled  with 
the  increased  production,  results  in  a  con- 
sistently lower  cost  per  cubic  yard  of  material 
moA  ed  for  the  electric  shovel. 

In  some  cases  where  electric  shovels  have 
been  decided  on  because  of  their  numerous 
advantages,  there  will  be  a  question  as  to 
where  to  obtain  power  for  their  operation. 
This  condition  will  arise  only  on  large  projects 


Fig.  4.      Kilowatt  Input  to  Shovel.      Full  scale  equals  600  kilowatts.      Interval  between  curved  lines  15  seconds 


for  the  desirability  of  electrifying  all  the 
shovels  in  a  given  section,  for  example,  in  an 
iron  mine  or  a  limestone  quarry  where  there 
mav  be  half  a  dozen  shovels  in  operation.  If 
mine  operators  have  experience  with  the 
successful  operation  of  shovels,  there  will  be 
a  tendency  to  electrify  the  entire  mine,  which 
in  many  cases  will  include  an  extensive  haul- 
age system. 

It  has  been  demonstrated  that  the  electric 
machine  has  many  advantages  over  the  steam. 
On  account  of  smoothness  of  operation  and 
freedom  from  shutdowns  for  repairs,  it  is 
possible  to  move  a  greater  amount  of  material 
in  the  same  time.  The  number  of  men  re- 
quired for  operating  the  electric  shovel  is 
usually  two  or  three  less  than  for  the  same 
size  steam  shovel.  The  entire  machine  can 
be  kept  much  cleaner  and  neater,  which 
means  increased  efficiency.  In  many  locali- 
ties the  steam  shovel  is  at  a  disadvantage  on 


which  are  in  a  comparatively  remote  loca- 
tion. 

On  account  of  the  potential  extent  of  the 
electric  shovel  load,  it  should  be  attractive  to 
the  power  company  in  the  locality  in  which  it 
is  available.  The  shovel  installations  will  be 
found  to  be  quite  well  grouped  in  certain 
sections,  for  instance,  on  the  Mesabe  range  in 
Minnesota,  in  the  coal  fields  in  Southern  Ohio, 
and  in  the  iron  mines  in  Chile.  The  installa- 
tion of  electric  shovels  in  quarries  in  connec- 
tion with  cement  mills  should  be  very  desir- 
able as  most  of  these  mills  are  already  large 
users  of  electric  power  and  the  shovels  will 
furnish  a  desirable  addition  to  the  existing 
load. 

The  continuous  operation  of  electric  shovels 
is  a  desirable  load  feature  and  the  amount  of 
power  involved  in  operating  several  shovels 
will  form  a  considerable  item  of  load  for  a 
power  system. 
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Electrically  Driven  Centrifugal  Compressors 

By  R.  S.  Sagi 
Power  and  Minim-  Engineering  Department,  General  Ele<  fRii   Company 


Sogc 


IN  this  brief  sui 
attention  is  called 
i  i  load  suit- 
able  for  central   sta- 
tion sen  ice,  the  ap- 
irii  ■:     de- 
ii  i|    and    indica- 
te ins  ;i\  iii  as  to  the 
application    and    the 
load. 
Since  its  introduc- 
tion ci  immercially 
aboul    L2   years  ago, 
the  centrifugal   com- 
pr<   sor  or  blower  for 
i  |  hei   ga  e    lias  grown  rap- 
lularity,  as  i    attested  by  the  nu- 
i  nst  a  11a  turns  in  man}   i  in  Inst  rial  plants 
and  public  service  companies. 

This  type  oi  machinery,  developing  its 
pressure  !>.  centrifugal  force  and  handling  a 
material  many  limes  lighter  than  water,  is 
essentially  of  high  speed  and  in  its  simplest 
form  is  driven  by  a  high-speed  direct-coupled 
prime  !'  i 

Its  present-day  wide  use  and  broad  field  of 
application  are  attributable  to  its  many  ad- 
iges,  when  properly  applied,  over  other 
for  similar  service.  In  the  centrifugal 
machine  there  is  attained  an  even,  continuous 
deliver\-  of  air  or  gas,  as  contrasted  with  a 
pulsating  How  from  the  reciprocating  or 
positive-pressure  types.  Such  a  characteris- 
i  ii-  is  of  greal  value  in  certain  instances  where 
an  unsteady  blast  has  a  detrimental  effeei  on 
the  process. 

Its  practically  constant  pressure  charac- 
teristic over  its  working  range  is  extremely 
desirable  in  many  applications.  The  high 
efficiency  at  which  the  centrifugal  compressor 
operates  is  due  to  the  employment  of  "conver- 
sion vanes"  which  change  to  useful  pressure 
head  much  of  the  energy  which  exists  as 
velocit}  head  after  the  fluid  leaves  the  tips  of 
the  impellers.  Fan-type  blowers  do  not  have 
this  feature  and  consequently  require  more 
power  for  equal  useful  work  done.  At  con- 
stant speed  the  power  to  operate  the  centrifu- 
gal compressor  falls  off  appreciably  as  the 
out] nit  is  reduced;  and  it  delivers  automat i- 
cally  the  exact  volume  demanded,  whereas 
machines  of  the  positive  pressure  type  con- 
sume the  same  power  at  all  loads,  it  being 


ieci     at      tomeel  the  den  ands  of  the  sy 
to  by-pass  the  gas  from  the  discharge  side  to 
the  intake,  or  to  waste  it  through  a  relief  valve 
in    the    discharge    piping.      The    centrifugal 
machine  does  not   build  up  dangerous  pres- 
sures when  the  discharge  is  completely  closed. 
■  •  does  not  require  relief  valves  to  proted 
the  system.      Having  no  internal  valvei 
ci  nMifugal  machine  is  free  from  troubl 
their  account,    the   necessity   of  adjustmenl 
and   repair   is   eliminated,   and   the   reliabilil 
oi   the  unit   is  increased. 


Fig.  1.      Single-stage    Centrifugal  Air  Compressor  rated   10,000 

cu.  ft.  per  min    at  1.25-lb.   per  sq.  in.  discharge    pressure. 

driven  by  a  2-pole,  75-h.p.,  3600-r.p.m.  induction  motor 


The  simplicity  of  its  construction  renders 
its  operation  easy,  and  its  maintenance  and 
up-keep  expenses  are  kept  at  a  low  figure. 
The  compressor,  with  its  driver,  forms  a  unit 
which  occupies  but  a  fraction  of  the  flo<  ir 
space  of  other  types,  and  the  cost  of  founda- 
tions is  proportionately  low-er.  Although  the 
first  cost  of  the  centrifugal  machine  may  be 
higher  in  some  instances,  it  usually  is  justi- 
fied by  reason  of  its  lower  power  consumption 
and  operating  and  maintenance  charges. 

The  driver  employed  with  the  centrifugal 
compressor  may  be  either  a  motor  or  a  steam 
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ring. 
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.    multi-stage,   motor-driven 

Standard,   single-stage,   direct-cui 

ad  turbine-driven  units 
Multi-stage,  gas  and    air.  motor    and 
turbine-driven  units 


i.pressors  of  the  second  class  mentioned 
comprise  a  standard  line  of  single-stage  motor 
and  turbine-driven  machines  with  ratings 
varying  from  SOU  to  13,500  cu.  ft.  per  min. 
-'i-lb.  pressure.  The  driver 
capacities  range  from  5  to  90  h.p.  continuous. 

By  far  the  greatest  number  of  installations 
are  made  from  this  class  of  machines,  and  the 
standard  line  has  been  extended  to  include 
single-stage  units  up  to  25,000  cu.  ft.  per 
min.  at  5.0-lb.  pressure.  At  this  rating  an 
air  machine  would  require  approximately  72.") 
h.p.,  which  would  best  be  supplied  by  a  f 
induction  motor  or  by  a  direct-conn 
high-speed  synchronous  motor. 

Fig.  1  shows  a  single-stage  machine  of  this 
driven  by  a  75-h.p.  3600-r.p.m. 
linn  motor.     The  coin  may 


Fig.  6.      Factory  View  of  a  4-stage  Centrifugal  Gas  Booster  with  Direct-connected  400-h.p., 
6300-r.p.m..  Slip-ring  Induction  Motor  with  Overhung  Collectors.     This  com- 
pressor handles  8340  cu.  ft.  of  inlet  gas  per  minute  and  develops  an 
equivalent  air  pressure  of  22.0-lb.  per  sq.  in.  gauge 


Multi-stage,     blast-furnace,      turbine- 
units. 

pressors  of  the  first  class  are  of  small 
capacity,  namely,  25l  I  to  351 1  cu.  ft.  per  minute, 
for  pressures  ranging  from  1  to  3.25  lb.  per  sq. 
in.,  are  self-contained  and  motor  driven  from 
direct-current  or  alternating-current  cir- 
cuits. The  motor  capacities  range  from  3  to 
■  i.  output. 
These  small  units  have  been  applied  for  the 
most  part  for : 

(a)  Aerating  water  in  the  manufacture  of 
artificial  ice 

(b)  Supplying    air    for    certain    chemical 
processes  in  chemical  and  dye  works 

(c)  Supplying  air  to  small  heat  treating  and 
other  furnaces  and  to  blow  torches 

(d)  Supplying  ventilating  air  to  electrical 
apparatus. 

Fig.  2  is  a  view  of  an  installation  of  one  of 
these  compressors  in  an  artificial  ice  plant. 


be  arranged  horizontally  opposite  instead  of 
vertically  as  shown. 

Among  the  applications  for  which  com- 
pressors of  this  class  are  suitable  are  the  fol- 
lowing : 

[.  As  Air  Compressors 

(1)    Foundry  cupola  blowing 

Oil,   gas,   and  powdered  coal   burning 
furnaces  for 

(a)  Forging 

(b)  Tempering 

(c)  Annealing 

(3)  Reverberator}-  furnaces  in  metallurgi- 
cal processes 

1      Water-gas  generator  blowing 

(5)  Pneumatic  conveying  systems  for  ashes, 
coke  breeze,  cement,  coal,  sawdust,  starch, 
parcel  and  cash  carriers,  etc. 

(6)  Liquid  agitation  as 

(a)  Water  agitation  in  ice  manufac- 
ture,  sewage  disposal,  etc. 
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(b)  Yeast  agitation 

(c)  Callow  flotation  process  of  cop- 
per concentration 


per  concentration 

(7)  Copper-blast-furnace  blowing 

(8)  Vacuum  systems  of  cleaning 

(9)  Scavenging  cylinders  of  Diesel  engines. 

1 1 .  For  Gas  Handling 

I  1  )    Exhausters  and  boosters  for 

(a)  Coke-oven  gas 

(b)  Illuminating  gas 

(c)  Producer  gas 

(d)  C02,  SO,,  etc. 

Figs.  3  and  4  illustrate  typical  motor-driven 
single-stage  compressor  installations  for  some 
of  the  applications  outlined. 

While  the  third  class  of  compressors  in- 
cludes for  the  most  part  turbine-driven  gas 
exhausters  and  gas  boosters  of  the  multi- 
stage type,  in  some  instances  it  has  been 
found  desirable  to  use  motors  for  this  service. 

In  Figs.  5  and  6  are  shown  examples  of 
coupled  and  geared  motor-driven  gas  com- 
pressors of  the  multi-stage  type. 

In  the  last  division  there  are  included  prin- 
cipally those  compressors  used  in  blowing 
blast  furnaces.  Turbine  drive  is  employed  in 
every  instance  and  requires  up  to  7000  h.p. 
maximum.  There  is  seldom  any  occasion  to 
consider  electric  drive  for  these  blowers,  as 
the  greatest  economy  is  obtained  by  steam 
turbines  using  steam  generated  by  boilers 
fired  by  gas  from  the  blast  furnaces. 

Electric  drive  for  compressors  used  in  steel 
and  copper  converter  blowing  has  been  con- 
sidered quite  practicable,  the  air  being  used 
at  a  nearly  constant  pressure  and  requiring 
no  especial  governing  devices.  As  the  capac- 
ities involved  are  comparable  with  those  for 
blast-furnace   blowers,    gearing   is    necessary 


and  slip-ring  induction  motors  are  used  to 
permit  reducing  the  speed  when  the  converter 
vessel  is  turned  down  for  pouring  or  recharg- 
ing. 

For  the  most  part  the  load  afforded  by  the 
centrifugal  compressor  is  uniform  and  con- 
tinuous over  the  regular  working  hours  in  the 
plants  where  used,  and  in  many  instances  the 
load  is  on  a  day-and-night  basis.  For  some 
processes  the  operation  is  of  an  intermittent 
character  or  follows  a  continually  repeated 
cycle.  Cupola  service  is  for  the  greater  part 
an  example  of  intermittent  operation,  the 
blowing  usually  being  done  during  only  a  por- 
tion of  the  day,  the  time  varying  of  course 
with  each  individual  plant  but  ordinarily 
ranging  from  two  to  five  hours.  In  the  case 
of  the  continuous  foundry  the  blower  load  is 
of  course  also  on  a  continuous  basis. 

In  the  manufacture  of  water  gas,  air  is 
forced  into  the  generator  for  a  period  of  about 
three  minutes  and  shut  off  for  four  minutes, 
this  cycle  being  repeated  continuously.  When 
not  blowing,  i.e.,  when  the  outlet  is  closed,  the 
driving  motor  develops  about  50  per  cent  of 
its  full  output. 

Most  of  the  applications  require  but  infre- 
quent starting,  and  as  the  compressors  usually 
start  under  light  load,  the  demands  on  the 
power  supply  are  held  within  reasonable 
limits.  As  the  driving  motors  usually  operate 
at  high  speeds,  the  power-factor  is  correspond- 
ingly high. 

Squirrel  cage  induction  motors  are  used  for 
the  most  part  for  capacities  of  200  h.p.  and 
less,  and  slip-ring  motors  are  best  adapted 
above  this  limit  as  the  starting  peaks  can  be 
held  to  a  low  value  and  the  operation  of  the 
unit  at  reduced  speed  is  made  pbssible  thereby 
resulting  in  a  saving  of  power  when  variable 
pressures  are  desired. 
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Til  E  rapid  destruc- 
tion of  materials 
during  the  world  war 
■  i  men- 
ulus  for  the 
dvvorking     indus- 
try which  i 

f     all 

w I  from 

the  raw  materia' 
plied  by  the  lui 
mills.    Unfortunately, 
■  ili      while 

F    H.  Pcnnty  ''      raPid     WaS 
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ituation   d  iction, 

■•  desirable 
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if  they  incurred  delay.     The  abnormal 

ements  necessitated   pn  rts  to 

keep  materials  moving.     In  too  manj   c; 

■k  of  up-to-date  machinery  and  motors 

available  at    oner  made   itself  evident,   and 

i  rials   at    hand   were   utilized 

best  advantage.     Therefore,  while  the 

working  industry  as  a  whole   developed 

remarkably,  it  is  to  be  regretted  that  so  much 

work  was  done  which  was  no1  along  the  lines 

dictated  by  I  he  besl   pr.i 

Many  builders  of  woodworking  machinery 
are  at  the  present  time  engaged  in  improving 
their  products.     It  is  no  longer  disputed  that 
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chinery,  except  forthe 

eednn  •  d,  a  pertinent  fact 

■  permits  the  use  of  motors  of  small 
dimensions  for  a  given  horse  power  and.  con- 
sequently, comparatively  cheap  motors.  This 
ii  cially  fortunate  since  the  multiplicity  of 
•  required  in  most  cases  would  otherwise 
prohibit  the  use  of  separate  units  on 
spindle.  To  illustrate,  one  modern  machine 
utilizes  nine  individually  applied  motors  and 
a  great  number  of  wood  working  machines 
require  from  three  to  seven  individual  units. 

The  fact  that  close-up  views  of  individual 
machines  are  shown  in  this  article  rather  than 
general  interior  views  of  woodworking  fac- 
tories will  undoubtedly  be  the  subject  of 
comment.  However,  after  going  over  the 
situation  carefully,  it  was  decided  that  a 
better  idea  of  the  applications  would  be  ob- 


:-drum  Sander  with  Motors  Coupled  Directly 


Feed  Motor  Below 
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tained  from  the  illustrations  of  representa- 
tive machines  used  in  the  average  plant 
rather  than  a  general  view  of  some  particular 
factory,  and  selections  were  made  accordingly. 
Fig.  1  illustrates  a  type  of  machine,  a  six- 
drum  sander,  which  occupies  a  prominent 
place  in  many  woodworking  factories.  This 
machine  requires  six  motors  of  the  constant- 
speed  type,  one  coupled  to  each  sanding 
drum,  while  a  seventh  motor  provides  power 
fur  the  feed.  This  type  of  drive  eliminates 
all  belts,  gears,  etc.  The  material  to  be 
worked  can  be  moved  up  adjacent  to  the 
machine  and  thus  a  minimum  handling  is 
involved,  and  the  machine  is  kept  provided 


and  thus  produce  uniform  work.  In  addi- 
tion, a  continuity  of  service  during  normal  as 
well  as  critical  periods  is  secured  and  a  free- 
dom from  annoying  shutdowns  provided. 

In  Fig.  :i  is  a  machine  employing  three 
motors,  two  of  which,  those  on  the  horizontal 
spindles,  are  applied  somewhat  differently 
than  those  in  Fig.  2.  These  two  motoi 
of  the  built-in  type  and  the  small  dimen  ion: 
ot  this  type  of  motor  render  feasible  its 
application  in  many  places  heretofore  con- 
sidered impossible.  This  point  is  brought  ou1 
by  noting  the  proximity  of  the  two  horizontal 
motors.  The  outside  shell  or  casing  together 
with   the  bearings  are  built  by  the  machine 


Side  Moulding  Machine  Driven  by  Five  Squirrel  Cage  Motors,  Two  R 
Two  Vertical.   All  Directly  Connected  to  Spindles.     Feed  Motor  is 
Shown  at  Left  Near  the  Floor 


with  work  at  a  rate  insuring  continuous  pro- 
duction. 

Fig.  2  shows  another  type  of  woodworking 
machine  widely  employed,  some  form  of 
which  exists  in  a  large  number  of  the  wood- 
working shops  of  the  country.  The  older 
forms  were  driven  by  one  motor,  power  be- 
ing transmitted  to  the  machine  by  a  belt  and 
thence  to  the  various  spindles  by  other  belts. 
Much  difficulty  in  securing  uniform  speed 
was  encountered;  the  belts  would  stretch 
and  the  speed  of  the  cutters  or  knives  would 
vary  instead  of  remaining  constant,  with  the 
natural  result  that  there  was  lack  of  uniform- 
ity in  the  product.  Contrast  this  with  the 
machine  shown,  each  cutter  having  its  own 
constant-speed  motor,  all  of  which  are  driven 
from  the  same  source  of  power  and  conse- 
quently operate  at  rated  speed  continuously 


tool  manufacturer,  and  as  may  be  seen  the 
outside  of  the  frame  is  constructed  as  a  part 
of  the  machine  on  which  it  is  placed. 

On  the  right  of  Fig.  3  may  be  seen  the  con- 
trol apparatus  necessary  for  starting  and 
stopping  the  motors  which  are,  in  the  cases 
mentioned,  thrown  directly  across  the  line 
by  means  of  a  manually  operated  switch. 
Magnetic  control  can  be  arranged  to  provide 
sequence  starting,  so  that  it  is  only  neces- 
sary to  push  a  button  starting  the  first  motor, 
the  others  starting  automatically.  In  this 
case  provision  is  usually  made  to  cut  out 
any  motor  in  case  of  need  without  affecting 
the  other  units. 

In  providing  sequence  starting,  excessive 
starting  currents  are  avoided  as  the  first 
motor  is  up  to  speed  before  the  second  is 
connected    to    the    line.      This    arrangement 
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simultaneously. 


Fig.  3.     Saw  Tenoner  with  Directly  Applied  Motors  for  Driving 

the  Three  Saw  Spindles.     Manually  controlled  switches  are 

mounted  on  the  side  of  the  machine 

Another  feature  of  the  power  demands  of 
working  industry  is  the  ultra  high 
required  by  some  classes  of  work.  In 
cases  of  this  son  a  motor  generator  or  rather 
a  frequency  changer  set  is  employed  to  pro- 
vide power  a1  frequencies 
al « n  e  those  of  the  commercial 
circuit .  Shapers,  high-speed 
drills,  and  carving  machines 
arc  examples  of  apparatus 
requiring  power  at  frequencies 
varying  in  range  from  SO  to 
180  cycles  Speeds  ranging 
from  4800  to  10,800  r.p.m. 
arc  thus  obtained  with  essen- 
tially the  same  motor  as  used 
on  commercial  circuits. 

Fig.  4  shows  a  shaper  of  the  old  type  em- 
ploying a  single  motor  belted  to  both  spindles, 
this  being  an  adaptation  from  line  shaft 
drive,  the  motor  supplanting  belts  from  the 
ceiling  but  still  retaining  the  troublesome 
quarter-turn  belts  and  wasting  a  large 
amount  of  valuable  floor  space. 

.">  illustrates  a  modern  type  shaper. 
each  spindle  of  which  is  driven  by  a  built-in 
motor  running  ordinarily  at  720(1  r.p.m. 
The  contrast  is  so  great  that  comment  is 
unnecessary. 


An  induction  frequency  changer  set  supplii 
the  necessary  120-cycle  power.  This  set  is 
extremely  simple  and  consists  of  a  stand- 
ard squirrel-cage  induction  motor  and 
the  driven  unit,  the  induction  frequency 
changer.  The  frame  of  the  frequency 
changer  is  the  same  as  that  of  a  stand- 
ard slip-ring  type  induction  motor.  In 
practice,  power  is  supplied  to  the  stator 
of  the  frequency  changer  by  the  com- 
mercial circuit  and  the  transformed  three- 
power  i-  taken  off  the  slip  rings,  the 
frequency  of  which  depends  on  the  revolu- 
tions per  minute  of  the  rotor,  the  number  of 
poles  for  which  the  stator  is  wound,  and  the 
frequency  of  the  supply  circuit. 

It  is  probable  that  in  the  days  when  steam 
engines  were  universally  used  to  drive  line 
shafts  in  industrial  plants,  ematerialwas 

fuel  for  the  furnaces.     Later 
ric  drive  came  into  use,  the  natural 
1  ielt  the  steam  engine  to  ii  gene- 

rator and  simply  isolate  the  powerplant.  The 
next  step  in  development  came  as  the  ability 
of  the  central  station  to  supply  power  for 
industrial  plants  became  evident. 

Wi  K  idworking  shops  were,  by  virtue  of  their 
waste  product,  naturally  reluctant  to  change 
over  since  considerable  of  their  waste  was 
used  to  produce  power  and  eliminate  the 
buying  of  outside  fuel.  Therefore  it  became 
necessary  for  the  central  station  to  demon- 
strate the  advantages  of  outside  service. 

One  of  these  is  the  ability  to  start  the  vari- 
ous   individual    machines    at    any    time    in- 


Spindle  Shaper  Driven  by  a  Single  Motor  Belted  to  the  Spindle 


dependently  of  regular  working  hours,  such 
as  overtime,  as  power  from  the  station  is 
always  available.  Many  plants  having  their 
own  generating  equipment,  to  avoid  the  pos- 
sibility of  shutdowns  in  emergency,  paid 
for  stand-by  service  from  the  central  station, 
thus  recognizing  that  the  power  supply  from 
the  central  station  was  dependable.  Thisstand- 
by  service  is  expensive,  however,  and  oft  times 
a  dead  loss  as  it  may  not  be  used. 

One   of  the   problems   which   is  presented 
to  the  power  salesman  is  the  disposition  of 
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the  waste  product,  which  owing  to  its  nature 
is  often  utilized  to  provide  steam  power  to 
help  in  the  operation  of  the  plant.  The  man- 
ager of  the  wood  working  plant  usually  does 
sec  many  advantages  to  be  gained  by  the 
purchase  of  power  but  he  is  up  against  the 
problem  of  disposing  of  the  waste.  This  may 
reach  even  41)  per  cent  of  the  lumber  used, 
varying  greatly  with  the  material  manufac- 
tured and  the  quality  of  the  raw  stock 
available. 

In  a  certain  box  factory  the  solution  was 
found  to  be  in  segregating  the  waste  products 
such  as  the  sawdust,  shavings,  and  the  few 
ends  or  blocks.  This  was  accomplished  by 
suitably  arranging  the  exhaust  system.  Here 
it  so  happened  that  there  were  but  few  blocks 
and  ends  left  as  the  box  factory  used  up  prac- 
tically all  such  material.  The  sawdust  and  ends 
were  burned  to  produce  steam  for  the  dry  kilns 
and  the  shavings  were  baled.  It  w?as  demon- 
strated that  the  advantages  obtained  in 
handling  the  shavings  thus  disposed  of  more 
than  offset  the  cost  of  baling  in  that  the  shav- 
ings could  satisfactorily  be  handled  and  sold 
in  this  form.  In  this  particular  case,  disposal 
was  easy  as  it  was  found  that  another  firm  in 
a  remote  part  of  the  city  was  purchasing  and 
paying  freight  on  shavings  for  packing. 
Baled  shavings  and  a  motor  truck  gave  the 
answer  since  the  price  including  delivery 
yielded  a  profit  at  a  lower  figure  than  the 
material  could  be  brought  in  by  rail. 

Another  case  occurred  where  the  waste, 
instead  of  being  largely  shavings,  was  made 
up  of  ends  and  strips.  Following  the  usual 
practice  of  many  concerns  in  this  line  of 
work,  this  material  was  burned.  The  first 
occasional  calls  for  fuel  came  from  peddlers 
who  retailed  the  material  to  bakers  and 
householders.  This  demand  developed  the 
idea  of  selling  the  whole  of  this  prodtict  and 
utilizing  coal  to  provide  steam  for  heating 
and  the  dry  kilns.  Experience  demonstrated 
that  this  scheme  was  feasible.  Therefore 
a  contract  was  made  with  a  local  dealer 
providing  for  complete  disposition.  The 
dealer  found  no  difficulty  in  selling  the  mate- 
rial as  it  was  always  dry  seasoned  wood. 
Under  this  system  it  was  found  that  power 
could  be  purchased  and  coal  utilized  to  the 
mutual  advantage  of  both  the  central  station 
and  the  woodworking  concern. 

Naturally  the  fire  risks  in  woodworking 
establishments  are  higher  than  in  most  other 
industrial  plants.  The  very  nature  of  the 
product  and  the  waste  resulting  from  working 
such  material  all  contribute  to  the  risk. 
Here   is  where   the   simple   reliable    squirrel- 


cage  induction  motor  is  especially  welcome 
and  adaptable.     There  are  no  commuta 

irks  from  brushes  to  set  (ire  to  the  mosl 
inflammable  material.     While  the  indu 
motor   is   not    ideal    from   the   central    station 
poinl  ol  view,  owing  to  the  low  power-fa 


Fig.  5.      Double  Spindle  Shaper,  Each  Cu 

Speed  Built-in  Motor.     Push  button  control 
panel  concealed  in  base 

yet  if  the  motors  have  been  judiciously 
selected  from  the  data  now  available,  it 
will  be  possible  to  work  each  motor  up  to  a 
1  ii  lint  where  its  power-factor  will  be  suffi- 
ciently high  to  make  the  load  an  attractive 
one.  With. modern  control  the  ease  of  oper- 
ation renders  feasible  the  shutting  down  of  a 
machine  until  work  is  provided.  It  may  then 
be  started  again  with  little  loss  of  time  or 
effort  on  the  part  of  the  operator,  and  with 
consequent  saving  in  power  during  the  idle 
period.  This  is  especially  true  where  a  number 
of  motors  are  used  on  one  machine.  Individual 
motors  may  be  cut  out  and  thus  neither  the 
power-factor  nor  efficiency  of  the  others  is 
affected  as  would  be  the  case  where  one  motor 
drives  a  group  of  spindles. 

The  load-factor  in  a  woodworking  plant 
varies  through  a  wide  range  so  that  the  con- 
nected load  with  no  other  data  is  of  but  little 
value.  In  the  small  shop  where  the  work 
for  a  machine  varies,  the  load-factor  may  be 
only  35  per  cent,  while  in  the  large  well- 
planned  and  equipped  factory  doing  duplicate 
work,  this  factor  may  reach  85  per  cent  and 
for  short  periods  a  little  higher.  Only  a  care- 
ful study  of  the  working  conditions  renders 
it  possible  accurately  to  foretell  what  the 
load-factor  will  be. 

It  is  appreciated  that  figures  showing  im- 
proved efficiency  or  savings  made  are  omitted 
as  it  is  felt  that  such  figures  while  interesting 
have  but  little  bearing  on  any  other  plant 
where  a  different  set  of  conditions  prevail. 
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The  Paper  Industry 

By  H.  W.  Rogers  and  E.  E.  Warner 
Power  i\d  Mining  Engineering  Department,  Generai    Ele<  ikl   Company 

DAPER,  like  the  The  value  of  the 
1  telephone  and  the  product  for  that  year 
major  part  of  our  was  $332,147,175,  of 
modern  conveniences,  which  $1  18,965,889 
has  become  so  cum-  wasaddedin theproc- 
monthat  itisaccepted  ess  of  manufacture. 
without  any  thought  In  1918  there  were  821 
as  i"  what  lies  back  pulp  and  paper  mills  | 
of  its  production.  Ii  in  the  United  States 
g  lias  become  so  much  producing      annually 

a  part  of  our  daily  ex-  5, 65S,  000  tons  of  paper  1       ^L^^k" 

islcncc  that  it  borders  and  board    valued  at  ^^|  A.    ^Ul 

on    the    ridiculous  to  S7S0, 000,000.   During  MHI                 \ 

H.w.Rogers              ask  even  the  smallest  this   period  the   pulp              EE 

child  to  define  it.  wood    consumption 

The  dictionary  says  it  is  a  thin  flexible  sub-  was    5,250,794    cords,   aboul    50  per  cenl    oi 

stance   made    of   various   materials    such    as  which  was  spruce. 

linen,  straw,  etc.,  but  makes  no  mention  Paper  is  not  all  alike,  excepl  thai  ii  con- 
of  its  process  of  manufacture  or  its  impor-  tains  cellulose,  and  may  be  briefly  divided 
tance  as  an  industry.  To  separate  it  from  into  classes  as  shown  in  Table  II. 
our  civilization  would  be  a  calamity  and  Where  wood  pulp  is  used  it  has  been 
to  attempt  to  explain  how  far  it  has  been  re-  confined  almost  entirely  to  spruce,  hemlock. 
sponsible  for  our  present  state  of  advance-  fir,  poplar  and  pine,  although  other  woods 
ment  would  be  a  difficult  problem.  Its  most  have  been  used  experimentally  with  suc- 
important  field  is  probably  in  the  dissem-  cess.  Sugar  cane  and  bamboo  contain 
ination  of  knowledge,  although  it  is  used  for  cellulose  in  sufficient  quantities  for  making 
various  other  purposes  in  all  industries.  It  paper,  but  the  former  has  not  been  used 
is  surprising,  therefore,  that  so  few  of  the  m  the  art  because  it  is  difficult  to  main- 
millions  of  individuals  who  daily  use  paper  tarn  a  supply  sufficient  to  keep  a  mill  in 
should  give  any  thought  to  its  constituents,  operation  continuously,  while  the  use  of  the 
where  it  comes  from,  how  it  is  made,  and  latter  is  just  being  developed. 
where  it  goes  after  it  has  served  its  useful- 
ness;   and    yet    the    paper   making    industry  table  i 

stands  well  to  the  front  m  matter  of  impor-  Anthracite  830,500  short  tons 

tance  and  size,  and  is  a  large  factor  in  our  Bituminous 6,268,853  short  tons 

national  life.  Coke ^f  short  tons 

It  is  not   possible   to  obtain   statistics  for  7,1 14,808  short  tons 

the    past    year,    but    the    Bureau    of    Census  ()]|                                   635  329  bi  rels 

report  for    1014  gives  some  very   interesting  Gas.'.'.'.' .7.7.7.7.7.7.2,260,562  (thousand)  feet 
facts  about  this  great  industry. 

In    primary    horse-power   requirements,   it  The  bulk  of  paper  is  manufactured  from 

probably  ranks  about  fourth  in  our  numen  ius  wood  pulp  and  therefore  lumbering  becomes  a 

industries,    with     1,621,154    horse    power    in  part   of   the   paper   industry,    and   since   our 

1014.     This  has  been  increased  enormously  daily   papers   use   such   enormous   quantities 

during    the    last    few    years,     but    accurate  of   newsprint,    all   three   industries   are   very 

statistics  are  not  available  at  this  time.     Of  closely  related. 

this  total  power  about  500,000  horse  power  Space   does   not   permit   of   differentiating 

is  electric  and    the    balance    steam    engines,  bet  ween  the  various  kinds  of  paper  and  the 

waterwheels,  etc.  difference    in   manufacturing   processes,    and 

The  fuel  used  is  largely  coal,  as  is  shown  since  the  same  machines  are  used  in   prac- 

in  Table  I.  tically    all    instances    the    newsprint    will    be 

The   labor   employed   in    1914   was   95,516  taken    as    an    illustration.      The    flow    sheet 

persons    and    capital  invested,   $534,624,000.  shown   in   Fig.    1    not  only  gives  the  process 
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n  it  lists  the  various  machines, 

while  the  power  chart 

n  in  Table  III  approximates  the  power 

unit  output  closely  enough 

industry  uses  such  a  wide 
lines   or    presents    so   many 
inteu  >lems    in    power    application 

as  the  pulp  and  paper  industry,  and  probably 
her  industry  has  tolerated  the  use  of 
the  old  types  of  mechanical  drives  so  long 
with  its  line    shafts,   counter-shafts,   pulleys, 


the  exception  of  the  paper  machine  and 
sibly    the    rewinders    (which    require    direct- 
current  motors )  alternating-current  induction 
rs  may  be  used  throughout. 

During  recent  years,  however,  the  tend 
has    been    towards    synchronous   motors    oil 
grinders  and  Jordans,  as  the  load  is  steady 
and  offers  an  excellent  opportunity  for  pi 
factor  correction. 

As  shown  in  Table  1 1 1 ,  the  grinders  const  itute 
ab  'lit  75  per  cent  of  the  enure  load  in  a  paper 
mill   and  where   small   units   were   in   vogue 


I  wood 


,  Chemical  Pulp 


[  Linen 


Rag 


Straw 


MATERIAL 


News  print 
Book  paper 
Wrapping  paper 
Tissue 
Glassine 
Wall  paper 
,  Lithographic 

f  Writing  papers 

|  Book  papers  (high  grade) 

•  Parchment 

Stocks,  bonds,  legal  documents 
[  Tissue 


Hemp 

and 

Jute 


WaY/pfper        *"*»««> 
Bamboo 

Bagasse 


'  Book- 
Writing  papers 


Crushed 
Sugar  Cane 


Glassine  and 
Parchment 


Experimental 


Art 
Esparto  •   Grass  Antique  Book 

Lithographic  Printing 


belts,  gears,  clutch,  etc.  Its  efficiency  is 
'  s  maintenance  is  high,  and  it  is  difficult 
to  explain  why  this  condition  has  existed 
so  long.  However,  the  old  mechanical  drive 
is  rapidly  being  replaced  by  the  more  modern 
and  more  efficient  electric  drive.  This  change 
may  be  due  to  competition  or  it  may  be  due 
to  the  demand  for  increased  production. 
In  either  case  the  outcome  is  the  same  and 
the  result  is  a  much  more  efficient  and  flex- 
ible drive  which  permits  of  an  analysis  of 
production  costs  not  heretofore  possible. 

A  few  of  these  machines,  such  as  super- 
calenders  and  platers,  are  not  found  in  a  news 
mill  but  are  common  to  other  mills,  and  with 


years  ago,  a  300,  400  or  500  horse-power 
induction  motor  being  used  to  drive  a  single 
stone,  it  is  now  the  practice  to  use  larger 
units  of  1000,  1500,  or  2000  horse  power 
to  drive  a  number  of  stones  on  the  same  shaft, 
and  in  not  a  few  instances  motors  of  2400  and 
even  2800  horse  power  have  been  used. 
The  advantage  in  power  factor  and  efficiency 
is  all  favorable  to  the  larger  units,  as  only 
synchronous  motors  are  being  used. 

The  load  on  grinders  is  subject  to  wide 
variations  due  to  refilling  the  pockets,  but 
this  variation  may  easily  be  overcome  and 
a  constant  load  maintained  by  using  a  reg- 
ulator   which    governs    the    water    pri 
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used  in  the  grinder  cylinders;  and  it  is  also 
possible  to  maintain  a  practically  constant 
mill  load  by  this  same  means. 

The  paper  machine  is,  without  doubt,  the 
most  important  machine  with  which  we  have 
to  deal,  as  the  entire  production  of  paper  is 
dependent  upon  it ;  and  yet  it  has  been  one  of 
the  last  machines  on  which  any  great  changes 
or  improvements  have  been  made  in  the  drive. 


there  still  remains  40  to  50  per  cent  of  mois- 
ture which  must  be  taken  out  of  the  paper 
while  it  is  passing  over  the  dryers.  The  heat 
for  accomplishing  this  drying  is  supplied 
usually  by  exhaust  steam  from  the  engine 
which  drives  the  paper  machine,  supple- 
mented   occasionally    by    live    steam.      The 


Flow  Chart  Showing  the  Processes  ; 
Employed  in  Paper  Manufactur 


The  quality  of  the  product  depends  very 
largely  upon  the  type  of  drive  selected  and 
its  proper  application  with  respect  to  the 
machine.  Speed  regulation,  flexibility  of 
control,  and  uninterrupted  service  are  all 
important  factors  and  must  be  given  care- 
ful consideration. 

For  this  reason  it  is  desirable  to  have  the 
paper  machine  and  its  drive  a  unit  in  itself, 
independent  of  the  rest  of  the  mill. 

In  the  process  of  making  paper,  the  stock 
comes  onto  the  machine  about  99  per  cent 
water,  and  although  a  large  part  of  this  is 
removed    by    the    suction    and    the    presses, 


TABLE   III 

POWER  DATA  FOR  A  100-TON  NEWS  MILL 

Product  consisting  of  80  tons  ground  wood   and 
20  tons  chemical  pulp. 


HKI'AR  i  MEN  I 


HORSE 
POWER 


Ground  Wood 

W 1  Room  .  . 

Grinder  Room . 


Sulphite 

Wood  Room 

Screens,  Pumps,  etc. 


Mat  hinr  Room 
Finishing  Room . 
Mia  In  in'  Shop 


I  I  1 
7016 


1S44 
63 
40 


Boiler  capacity  required  for  heat,  cooking 

and  drying 1350  h.p. 


TABLE   IV 
MACHINES  USED  IN  THE  INDUSTRY 


GROUND   WOOD 

CHEMICAL    PULP 

Log  Hauls 

Log  Hauls 

Saws 

Saws 

Conveyors 

Conveyors 

Tj     ,          1  Drum 
Barkers  j  Dlsc 

Splitters 

Chippcrs 

Digestors 

n  -    ,        1  Pocket 
Grinders  {  ** 

[  Magazine 

n             I  Centrifugal 
Pumps  ,   r, 

K    \  Plunger 

Screens 

Screens 

T,             /  Centrifugal 
1  Uml'S   ,  Plunger 

Agitators 

Agitators 

Wet   Machines 

Beaters 

Paper  Machine 

Jordans 

Winders 

Agitators 

Cutters 

Screens 

Supercalenders 

Pumps 

Platers 
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than  have  too  much  steam  and  allow  it  t  > 


motor-gem 
sets  have  been  used  as  prime  mo\  ers 
:   used  entire!     for  di 

mditions  a  ■ 

mill  runs  twenty-four  hours  a  day  six 

ek   with   very  few   holiday-,   so   th 

d     The 
>■   load   with   properly  applied  n 
will  be  about   80  per  cent  of  tin 

power  and  d 

ave   hern   made    il 

I 
only  as   yet.     'I 

sure  there  is  a  large  amounl   of  water  power 

1  in  the  industry,  but  it  is  not  al 
used   efficiently   and    there   an'   hundred 
mills  in  this  country  still  to  lie  electrified  I  i 
say  nothing  of  the  new  mills  being  devel 
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By   L.    F.   Adams  and   R.   A.  Jones 
I'iuver  and  Minis..  Engineering   Department,  General  Electrii    Company 
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L.  F.  Adams 


'HE 

the   steam    - 
approximately    150 
agi  i,  augmented 
by     ;:  ercial 

lopment   of  elec- 
tricity approximately 
50  years  ago,  has  re- 
sulted in  a  demand  for 
en   pumps 
that  has  been  contin- 
uously   increasing   to 
I  hat  today 
more  power  is  use< ' 
driving    pumps   than 
for  any  other  single  type  of  machine  in  existence. 

There  is    i  manufacturing  pn 

or  a  modern  domestic  convenience  which  does 
not  depend  at  least  partially  upon  pump 
equipment.  In  the  extreme  west  there  are 
of  land  which  owe  their 
productivity  to  this  machine  alone;  while  in 
the  middle  west,  large  sect  ions  which  were 
formerly  va  are  now  drained  and 

into  valuable  farming  districts.  In  the 
mining  industry  the  problem  of  discharging 
water  i  discharging  the  ore,  and 

in  some  coal  mines  two  tons  of  water  are 
elevated  for  every  ton  of  coal.  Then,  too, 
there  are  paper  mills,  sugar  mills,  chemical 
plants,  and  numerous  others  which  depend 
upon  pumping  equipment  for  the  flo 
the     ■  the    different 


Jones 


Also  there  are 
dry  docks  for  ship 
ring,  humidity 
pumping  systems  in 
the  textile  industry, 
hydraulic  jacks,  rams. 
and 
municipal  water  sys- 
tems which  provide 
fresh  water  supply, 
I,  and 
fire  protection,  all  of 
which  are  seldom 
thought  of  by  the 
general  public.  The 
municipal  plant  is  one  of  the  largest  put 
power  users.  Most  cities  require  from  100  to 
200  gal.  per  capita  per  day. 

The  fulfilment  of  this  enormous  demand  is 
made    possible    through    the    capability 
electricity,   since  with   our  present  extensive- 
transmission    systems    economical    pow 
obtainable  wherever  it  is  needed.     This  dis- 
tribution   characteristic    coupled    with    the 
reliability,  cleanliness,  lack  of  noise,  ease  of 
installation,  and  simplicity  of  control  would 
in  itself  make  electric  drive  desirable.     How- 
ever, the  additional  high  economy  has  caused 
the  electric  motor  to  be  universally  ad 
for  pump  drive,  and  in  many  cases  has  actually 
replaced  steam  engines. 

Numerous  comparative  tests  made  during 
the  last  few  vears  show  that  with  few  ej 
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team  or  gaso- 
the  size  of  the  units. 

dia   a  r  i1  h  a  population 

replaced  its  steam 

r,)Ui,,;  oi    gal.   motor-driven 

the  saving 

12 ..    year.      T< 

driven  pumps  in  four'  towns 

in  the  same  state,  ranging  in  population  from 

500   1"    2500,    showed  ©rating 

al.  varied  bel  tvi  en  SO  88  and 

- 1  974.      Redi 
i    LOO-ft.    head,    this    a 

LOO  ft.      Detail 
inforn  i  ing  operating  costs  fi  a 

wns  is  shown  by  Table  I 
An  interesting  comparison  of  a  motor  drive 
and  a  drive  is  afforded  by  a  small 

-  w  Jersey  which  has  two  duplicate 
rocating  pumps,  one  driven 
!0-h.p.  motor  and  the  other  by  a  30-h.p. 
gine.     The  motor  driven  pump  uses  an 
average   of   17.">   lew.  per   hour   and  the  gas 
550  cu.  ft.  of  gas  per  hour.     At  the 
prevailing  rates  of  2J^>  cents  per  kilowatt-hour 
81.15  per  KM  in  cu.  ft.  gas,  the  hourly  i 
cents  for  the  motor  and  63  cents  for  the 
The   motor-driven    pump   has   the 
additional  advantage  of  providing  for  auto- 
matic operation,  starting  and  stopping  as  the 


water  in  a  stand-pipe  falls  or  rises  to  pn  d<  ter- 
elevations. 

Another  good  example  of  the  superiority  of 
motor  drive  to  gas-engine  drive  is  afforded  by 
a  town  in  Connecticut  which  has  recently 
installed  a  100-h.p.  motor-driven  reciproeat- 
limp  and  has  found  the  prevailing  costs 
of  the  motor-driven  unit  for  1919  (including 
wages,  power,  oil,  and  repairs)  to  be  20  per 
cent  less  than  that  with  a  gas  engine.  Detailed 
unit  costs  covering  this  comparison,  1 
upon  1  (Hill  gal.  against  a273-ft.head  are  shown 
by    Table  II.      The  greater  capacity  of   thi 

■  driven  pump  explains  its  highei 
for  oil,  supplies  and  repairs. 

The    feasibility    of    electric    pumping    for 
private  homes  is  evidenced  1>     dat 
from    watthour    meters    installed    in    several 
residences  equipped  with   pressure-tank  sys- 
tems  for   soft    water   supply    to   hath    room, 
kitchen,  and  laundry.     These  meters  n 
a  maximum   consumption   of   0.75   kilowatt- 
hour  and  an  average  of  0.45  kilowatt-hour, 
per  person   per  month.      It   is  evident  from 
this  that  at  the  prevailing  rates,   1   cei 
day  for  electric  energy  is  sufficient  to  pn  ivide 
an   abundant   supply   of   soft    water  for   the 
average  city  family. 

Similar    comparisons  of    operating     costs 
covering  pumping  equipment  in  larger  cities 


TABLE   I 

DATA  ON   MOTOR-DRIVEN   PUMPS  IN   THE   STATE   OF   INDIANA   COLLECTED   ON 

INSPECTION   TRIPS,    1919t 


: 

Head       1 

A 

1  15 

I: 

0,000 

484 

C 

8,700 

212 

I) 

3,800 

150 

H 

2,500 

102 

F 

2,400 

136 

<; 

2,400 

160 

ii 

1,900 

100 

i 

1,600 

12(1 

I 

1,400 

100 

k 

1,400 

132 

L 

1,300 

106 

M 

1,200 

14S 

\ 

1,200 

120 

i 

1,100 

137 

1' 

1,100 

1 25 

0 

800 

144 

600 

l  15 

300* 
478 
422.4* 

36* 

69  8 

66.83 
646  25* 

13.08 

55. 1 
18* 
.Si  I* 
13  12 


10.9* 


Annual 
Energy 
snsumotii 


383,300 
1,565,000 

307,130 
52,800* 
Ii4,8ln 
75,14(1 

129,250 
58,300* 
98,455 
60,000* 
27.912 
8,230 

10(1,(1011* 

5,878 

5,888 

26,740 

3,770 

13,330 


Kw.-hr. 

Kw.-hr. 

per 
1000  Gal. 

1000  Gal 

per 
LOO  Ft 

Head 

1.28 

1.11 

3.28 

0.68 

0.73 

0.34 

1.47 

0.98 

0.93 

0.91 

1.12 

0.825 

0.20 

0.125 

1.35 

1 .35 

1.00 

1.09 

1.55 

1.17 

0  27 

0.25 

2  32 

1.57 

2.45 

1.96 

0.29 

0.20 

Total 

Annual 

Operating 

Cost 

Dollars 


14,603.58 
15,174.1  1 
14,000 
1.210.23 
2.4  1 1 .05 
3,849.56 

1.494.51 

6,263  60 

1 ,634 
658.24 
263.30 

3,850 
329.23 
333.55 

1,835.14 
515.20 
805 


Operating 
°S"at'le    1W0&1. 


i  osl  per 

1000  Gal 

Cents 


4.86 
3.20 
3.31 
3.36 
3.45 
5.76 

3  50 

2.97 
3.66 

o.ss 
8  93 


16.83 


100  Ft. 
Head 

~4.23 
0.66 
1.56 
2.24 

.;  38 
4.24 

:;  50 


0.83 
6.05 


' 

ige  kw.-hr.  per  1000  gal 1.3] 

ge  kw.-hr.  per  1000  gal.  per  100  ft.  head    0.90 

Average  operating  cost  per  loon  gal.  in  cents 4.97 

per  1000  gal.  per  100  i      heai 3.74 

t  Bulletin  No.  4  Engineering  Experiment  Station,  Purdue  University. 
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also  show  electric  drive  to  be  the  mun 

nomical.  A  city  in  New  York  Stale,  having  a 
population  of  more  than  LOO, 000,  has  recently 
investigated  the  desirability  of  electric  drive 
and  estimates  that  the  cost  of  electric  power 
for  pumping  at  their  filtration  plant  will  be 
approximately  $19,000  as  compared  with 
$50,000  for  eoal.  A  similar  comparison  made 
li\  a  city  in  Georgia,  based  upon  the  perform- 
ance  of  a  200-h.p.  centrifugal  pump  unit, 
revealed  a  saving  of  Si'.")  per   1,000,000  gal. 


Fig.    5.      1050-h.p.,    1200-r.p.m.,    2200-volt    Induction    Motors 
Installed  in  a  Pumping  Station  of  an  Iron  Mine 

by  using  electric  drive  in  place  of  steam. 
When  the  entire  plant  is  changed  over  it  is 
estimated  that  a  saving  of  .157,500  a  year  will 
be  effected  in  fuel  and  labor.  Comparative 
data  covering  a  2,500,000-gal.  motor-driven 
centrifugal  pump  unit  installed  in  a  town  in 
New  Hampshire  shows  that  to  pump  1,000,- 
000  gal.  costs  $25.90  with  electricity  and 
$28.54  with  steam. 

The  desirability  of  using  synchronous 
motors  for  pump  drive  is  illustrated  by  an 
installation  in  Canada,  consisting  of  a  3500- 
g.p.m.  centrifugal  pump  driven  by  a  325-h.p., 
70  per  cent  power-factor  synchronous  motor. 
Statements  available  covering  operating  costs 
by  steam  for  the  year  1917  show  a  total  cost 
per  million  gallons  of  $1 1 .80  as  compared  with 
$10.56  with  electricity  in  1919.     These  figures 


include  the  itemsoi  coal  otallinj  $6  51; 
totalling  $3.74,  and  upplii  totalling  $1 .55  for 
ai  L91 7.  For  L919  the  figure  are  $4.77 
for  i  h  ctric  power,  $2.23  for  labor,  $1.88  for 
supplies  and  in  addition  $1 .07  for  1 1  al  to  i 
banked  fires  in  the  old  boiler  plant.  Coal  was 
figured  a1  $6  89  per  ton  in  L917  and  $7.  t8  in 
1919.  The  :e  figures  indicate  a  sa\  ing  of  from 
L0  to  12  per  real  or  $1500  per  year  exclusive 
of  the  correctivi  kilovoM  amperes  obtained, 
and  also  in  addition  to  the  standby  sen  ice  ol 
the  old  steam  pump 

Another  remarkable  example  of  the  upe- 
riority  of  electric  driven  pumps  is  shown  by 
comparative  tests  made  upon  pumping  equip- 
made  in  Minneapolis,  Minn.  The  pump  unit 
consists  of  a  30,000,000-gal.  centrifugal  pump 
driven  by  a  slip-ring  induction  motor.  Record 
maintained  over  a  nineteen  months'  period 
show  a  power  cost  of  $3.72  per  1,000,000  gal., 
and  a  labor  and  supply  cosl  of  $1 .77,  making 
a  total  of  $5.49  per  1,000,000  gal.  Figures 
available  from  two  steam  engine  units  having 
a  capacity  of  15,000,000  gal.  each  show  a 
total  cost  of  $6.75  per  L,000,000  gal.  This 
cost  consists  of  coal  at  $2.07  per  ton  or  $301 
per  1,000,000  gal.,  labor  $3.33,  lubricating 
oil,  etc.,  $0.35.  Comparative  data  covering 
costs  for  the  pumping  equipment  of  the  city 
of  St.  Paul  show  that  operation  by  steam 
duringtheyearof  1916  costs  $4. 44  per  1,000,000 
gal.  raised  one  foot  as  compared  with  $3.71 
for  electricity  during  the  years  1918  and  1919. 

The  foregoing  examples  taken  at  random 
show  conclusively  the  superiority  of  electric 
over  other  forms  of  drive.  Most  pumps  run 
continuously  either  during  the  entire  twenty- 
four  hours  or  during  the  working  day  in 
industrial  plants.  As  the  load  is  a  steady 
one  with  no  fluctuation,  or  at  least  very  little, 
it  is  evident  that  motor-driven  pumps  are 
very  desirable  in  any  power  system.  Addi- 
tional attractive  features  are  the  possibility 
of  power-factor  correction  by  synchronous 
motors  in  the  sizes  where  such  motors  are 
available,  and  the  absence  of  peaks  or  i  iver- 
loads. 


PUMPING  COSTS  PER  1000  GAL. 

Gasoline 
Engine 

Electric 
Motor 

$0.0081 
0.0250 

0.0005 
0.0011 

$0.0081 

0.0170 

0.0009 

0.0016 

Total 

$0.0347 

$0.0276 
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Motion-picture  Industry 

M.  Day  and  S.  ('.  Leibing 

INING  EnGINI  LRTMENT,  GENERA1  COMPANY 
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daily ; 

■  iple     Motion  picture  theaters 

now  total   LS.000  and   1200  additional  houses 

>uil1   in    L920.     Box  office  receipts 

durin  "HI  and  estimated 

i     1920   are  $1,1 ,000,000.      This 

menl  of  a  twenty-year 

were 

ced   almost    entirely   in   California,   be- 
of  the  quality  and  duration  of  the  sun- 
light available.    Within  recent  years,  however, 
artificial  illumination  have  been 
ed  and  developed  that  sun- 
light i  ric  lighting. 
This  latter  form  of  illumination  can  be  con- 
trolled and  directed  at  will  and  hence  is  more 
useful  and  reliable  than  even  California  sun- 
light.    Moreover,  it  is  always  available;  and 
with   it  effects  are  possible  which  cannot  be 
d  with  daylight. 
It  is  not  the  purpose  of  this  article  to  give 
in  detail  the  methods  used  in  the  making  of 
on  pictures,  but  rather  to  indicate  in  a 
general  wa                       and  magnitude  of  the 
industr}   am  cl  ricity 
dually  assuming  in   the  production  of 
pictun 

There  are  two  principal  studio  centers  in 
the  United  States.  Los  Angeles  and  New  York. 
but  in  addition  to  these  there  are  film  com- 
munities  of  various  sizes  at  Indianapolis, 
Syracuse,  Chicago,  Philadelphia,  and  ai 
Lee.  New  Jersey.  Jacksonvilli  while 

■'resent  a  i   a;r,  pretensions 

ig  in  the  future  a 

Mew  York.   There 


S.  C  Leibing 


studios    in 

Bos- 
ton. 

All  'hea- 
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ry,  tin-  im- 

i]  i  lir  studio 

underesl  imated.    The 

■sand  the 

a  very  greal  extent  on  tl 

There  are  two  cla  :  • 

lighting,  ti  unda- 

or  background,   which   is  usually 

uii  of  banks  of  Cooper   Hewitt   lamps;  and 

"hard"  lighting,  which  up  the 

picture,  and  for  securing  various  effects  not 

■  it  light.  This  hard  li 
obtained  with  various  types  of  arc  lamps,  the 
most  recent  addition  to  which  has  been  the 
dio  use  of  the  high  intensity 
searchlight,  used  so  extensively  by  the  Army 
and  Navy  during  the  war.  With  the  proper 
combination  of  soft  and  hard  lighting  the 
producer  is  independent  of  daylight,  and  the 
-  suqDass  even  those  obtained  with 
natural  light  itself. 

For  the  various  ed,  includ- 

ing Cooper  Hewitt  lamps,  flood 
high  intensity  lights,  the  watts  per  square 
foot  of  illuminated  area  may  amoun 
as  much  as  100.  In  some  special  cases  this 
figure  may  even  be  as  high  as  4(KI  watts  per 
s  [uare  foot.  Light  is  used  in  abundant  quan- 
tities, for  it  is  of  the  utmost  importance  that 
this  one  factor  shall  be  of  sufficient  intensity 
when  the  scenes  are  photographed. 

With    the    exception    of    general    pur 
lighting,  which  is  accomplished  by  the  u 

descent    lamps,    all    the    lights   used    in 
tudio   require   direct   current   to   secure 
the  most  satisfactory  results.   Alternating  cur- 
rent   when   passed   through  an   arc   cat: 
flicker  which  is  vi  'able. 

Since  most  power  companies  furnish  alter- 
nating current,  it  has  been  necessary  in  nearly 
all   cases   to   install    motor-generatoi 
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Fig.  5.      High  intensity  Studio  Light  for 
one  form  of  "hard"  lighting 

that  ample  bus  capacity  is  required.     For  this 
type   of   distribution    the   three-wire   system 
and  is  now  universally  employed. 
For    mil  an  installation  a  three-unit  motor- 
insisting  of  two  direct-current 
is  recommended  in  preference  to 
■  he  three-wire  generator  or  synchronous 
erter,  since  the  demand  for  light  comes 
so  suddenly  that   the  studio  electrician  does 
not  have  time  to  balance  the  load  properlv. 
if  these  sets  are  connected  in 
series  to  give  125  250-volt  three-wire  service, 
and  with  such  an  arrangement  100  per  cent 
nt  can  be  carried  in  the  neutral. 
These  sets  are  usually  furnished  in  sizes  of 
100,17o,300,and350kw.  Setsof  double  Unca- 
pacity are  sometimes  considered  for  the  very 
large  studios.  Both  synchronous  and  induction 


le  for  driving  these  generators; 
I  ni  i  onaccounl  of  the  desirable  featured  : 

■  i  hronous  motor  is  becom- 
ire  ami  more  popular, 
he  smaller  studios  the  lighting  load  is 
i  [i  mand  for  short  periods  of  tin: 
in  the  larger  centralized  stud  light- 

ing  em  ■    tried  on  al     everal  di 

points,  tin-  demand  has  a  tendency  t<>  1" 
continuous  one 

( )n  acci  'urn  ol  i  In-  ■  iperating  charactei 

•  I  [ewitt  lamp  Itage  regula- 

tion   is    necessary.    Thi 

oltagi        h        ■'        not   fluc- 
tuate more  than  five  per  cent   above  or  below 
normal,  and  hence  it  is  very  important  that 
the  regulation  be  approximately  within 
limits. 

In  most  of  the  large  studios  there  are  wood- 
working and  machine  shops  for  the  produi 
cenery,    furniture,    and    the    many 
aried  articles  that  are  required  in  the  taking 
of  a  picture.     In  each  of  these  shops  a  certain 
number  of  motors  is  required. 

In  the  laboratory,  where  the  develo 
and  printing  are  done,  there  are  many  small 
employed  for  driving  revolving  drums 
in  the  drying  room,  perforating  ma<  I 
which  prepare  the  film  for  the  projectors. 
cleaners  and  blowers  fur  ventilating  and  air 
conditioning.  For  the  printing  machines  a 
very  constant  voltage  is  required  and  a  small 
size  motor-generator  set  with  a  counter 
electromotive  force  regulator  is  used. 

In  addition  to  the  work  done  in  the  studio 
the  taking  of  a  picture  requires  considerable 
work  with  outside  scenes,  called  "location" 
work.  Even  here  artificial  illumination 
contributes  important  features  in  securing 
successful  effects  in  both  day  and  night  work. 
There  is  in  common  use  a  small  size  portable 
generating  unit  of  about  100-kw.  capacity  to 
supply  the  direct  current  for  lighting.  Some- 
times the  power  for  driving  the  generator 
can  be  obtained  from  a  nearby  transmission 
line,  but  where  such  power  is  not  available 
a  gasoline  or  oil  engine  driven  unit  is  used. 

It  should  be  noted  that  the  ratio  of  the 
lighting  demand  to  that  for  other  purposes  is 
very  large.  Moreover,  so  much  expense  is 
involved  in  the  taking  of  a  picture  that  nothing 
must  be  permitted  to  interfere  with  the  proper 
supply  of  light.   Its  reliability  must  be  assured. 

The  motion  picture  industry  by  the  nature 
of  its  power  demand  offers  to  the  central 
station  an  increasingly  attractive  load.  As 
has  been  mentioned,  the  demand  is  high  and 
for  the  most  part  occurs  during  the  daytime. 
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Since  the  trend  is  toward   centralization   of 
studio  activities,   this  load  will   have  a  ten- 
dency to  become  more  continuous.     A 
lighting  load  during  the  daytime  can    b 
considerable   value   to  systems   where   power- 
ictor  correction  is  desired. 
Because  of  the  ease  with  which  the  element 
that    are    necessary    for    the   production    ol 
pictures   may    be    obtained    and    controlled 


through   the  use   of   electric   light   and    power 
immunities  for  the  production  of  motion 
pictur    have  grown  up  in  the  various  pa 
the  country.     In  addition  to  the  ie  theal  rical 
producl  ion  ..  motion  pictures  are  being  used 

nl  by  the  industries  for  advertising 
and  welfare  work,  and  altogether  the  indica- 
tion is  that  the  future  demand  for  electrii 
power  in  cinematography  will  be  considerable. 
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By  A.  R.  Stevenson,  Jr. 
Power  and  Minim,  Engineering  Department,  General  Electric   Company 


A.  R.  Stevens 


LP  ROM  the  time  of 
1  the  Civil  War 
r.ntil  about  1890  the 
city  of  Baltimore  ob- 
tained its  supply  of 
ice  Innn  the  Kenne- 
1  ec  and  Penobscot 
Rivers  in  Maine. 
The  schooners  which 
rought  the  ice  to 
Baltimore  returned  to 
the  North  laden  with 
coal.  In  this  connec- 
tion a  recent  note  in 
the  Compressed  Air 
Magazine  is  of  interest: 

"Some  years  ago  there  were  thirty-six  large 
ice  houses  along  the  Kennebec  River  for  the 
harvesting  of  natural  ice,  but  their  number 
has  diminished  and  now  the  end  has  come  as 
the  business  is  no  longer  profitable,  artificial 
ice  displacing  the  natural  product  in  all  the 
larger  cities. " 

In  Chicago  alone  the  electric  power  con- 
sumed annually  by  ice  and  refrigerating  plants 
has  increased  from  approximately  eight  and 
one-half  million  kilowatt-hours  in  1913  to 
nearly  fifty-two  million  kilowatt-hours  in 
1920.  This  gives  an  idea  of  the  tremendous 
development  of  the  ice  and  refrigerating 
industry  in  the  last  few  years. 

How  can  these  increases  be  accounted  for? 
The  cost  of  labor  and  transportation  has 
risen  in  comparison  to  the  cost  of  power  to 
such  a  level  that  it  is  now  cheaper  to  man- 
ufacture ice  near  the  distribution  center  than 
to  harvest  and  transport  it  long  distances  for 
distribution. 

The  original  ice  plants  were  steam  driven 
and  used  practically  all  of  the  exhaust  steam 


in  the  manufacture  of  " distilled-water  ice." 
As  long  as  it  was  thought  necessary  to  use 
distilled  water,  the  steam  engine  had  a  great 
advantage  over  the  electric  motor  in  this  field. 

But  of  late  years  it  has  been  discovered 
that  raw  water  can  be  used  in  the  manufac- 
ture of  ice.  Air  is  allowed  to  bubble  up 
through  the  can  and,  as  the  ice  freezes  from 
the  sides  inward,  the  impurities  are  all 
pushed  to  the  center.  The  water  in  the  center 
which  contains  all  the  impurities  that  might 
discolor  the  ice,  is  pumped  out  and  replaced 
with  fresh  water,  after  which  the  cake  is 
frozen  solid. 

With  the  discovery  of  "raw-water  ice"  the 
steam-driven  plant  lost  the  advantage  and  is 
gradually  being  driven  out  of  the  field  by  the 
motor-driven  compressor.  The  development 
about  this  time  of  the  low-speed  synchronous 
motor  for  direct  connection  to  reciprocating 
compressors  has  probably  been  one  of  the 
most  important  factors  in  hastening  the 
electrification  of  ice  plants.  The  low-speed 
synchronous  motor  in  comparison  with  other 
types  of  low-speed  motors,  is  cheap,  has  a 
high  efficiency,  and  the  power-factor  is  unity 
or  leading. 

An  ice  plant  should  be  near  its  center  of 
distribution,  but  this  is  almost  impossible  with 
the  steam  plant  because  of  the  smoke  and  dirt. 
Also  in  order  to  obtain  coal  cheaply  it  was 
very  desirable  to  locate  a  steam  plant  on  a 
railroad  siding.  These  reasons  disqualified 
the  steam-driven  ice  plant  from  being  located 
in  a  residential  district. 

But  the  chief  reason  for  electrification 
has  been  that  while  the  price  of  coal  and  labor 
has  been  going  up  to  double  what  it  was  in 
1914,  the  cost  of  electric  power  has  increased 
only  slightly. 
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Erom   less    coal    1     central    station 
1      Tl  ■      a    ing  in  coal  is  due  to 
the  in- 

here    is   still   another 
almost  more  important.     B\ 
power  on  a  wholesale  basis  a  great 
saving  in  labor  is  effected.     It  is  no  longer 
necessary  for  an  1  1  employ  a  Hi  1 

team  engineer  and  fireman. 

1 1    mighl    be  thought    that  fuel  oil  would 

take  the  place  of  coal.    "Rise  in  Cost  of  Fuel 

Oil    Has  Caused    Majority   of    Pacific    Coast 

Plants  to  Change  from  Distilled -water  Ice  to 

ihe  title  of  a  recent  article 

I).    Fry   in    the    Refrigerating    World 

i  he  following 


Distilled-water  Plain 

'liven  Raw-water  Ice  Plant 


The  article  further  states: 
<  <  impaling  the  power  bills  today  with  the 
1  iil  consumption  of  the  past,  the  electric  power 
figures  out  an  equivalent  of  oil  at  from  65 
i  - 1  85  cents  per  barrel.    When  we  I 

it    day   oil    prices,    the   saving    is 
rial."     The  price  of  oil  at  the  present 
time  is  about  $2.75  per  barrel.     This  shows 
'he  electrically  driven  plant  has  an  even 
er  economy  over  fuel  oil  than  over  coal. 
Having  shown  the  great  advantage  of  cen- 
tral station  power  for  the  refrigeration  indus- 
remains  to  show  the  great  advan- 
of  the  refrigeration  industry  as  a  load 
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Fig.  1.      Load  Curves  of  Two  Ice  Plants  Showing  That  the 
Peak  Load  Occurs  in  Summer 


Ice  plants  are  almost  always  electrified 
with  svnehronous  motors.  This  fact  speaks 
for  itself  on  the  question  of  power-factor. 

Mr.  Bennis  of  the  United  Electric  Light  and 
Power  Company,  New  York  City,  states  in 
the  December  issue  of  Ice  ami  Refrigeration 
that  from  average  conditions  existing  in  New 
York  it  had  been  found  possible  to  operate 
a  plant  with  90  to  96  per  cent  load-factor. 
Mr.  Bennis'  figures  are  based  on  a  weekly 
maximum  demand  system.  Other  figures  show 
annual  load-factors  as  high  as  70  per  cent. 

But  just  as  the  synchronous  motor  can  be 
used  to  counteract  bad  power-factor  existing 
from  other  installations,  so  can  the  ice  plant 
load  be  used  to  improve  the  bad  load-factor 
due  to  the  daily  variation  in  other  loads. 
Mos1    ice  plants  and  cold  storage  plants  can 
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be  shut  down  for  eight  hours  withoul  an 
injurious  rise  in  temperature.  This  is  i 
cially  true  during  the  winter  months  when  the 
load  of  the  power  company  occurs 
between  1:00  p.m.  and  midnight.  In  the 
larger  cities  the  ice  plants  and   refrigerating 
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Fig.  2.      Monthly  Kilowatt-hou 

Manufactured  in  the  Plants  Referred  to  in  Fig.  1 

plants  get  special  power  rates  for  shutting 
down  between  these  hours  during  the  winter 
months.  This  shows  how  the  ice  plant  can  be 
used  to  correct  the  daily  fluctuation  in  load- 
factor  of  a  power  company. 

But  in  addition  to  this  daily  corrective 
effect  the  ice  plant  has  an  annual  corrective 
effect.  The  load  on  the  central  station  is 
greater  in  winter  than  in  summer,  whereas 
the  ice  plant  peak  load  comes  in  summer. 

In  Fig.  1  are  plotted  the  number  of  kiln- 
watt-hours  per  month  for  the  twelve  months 
of  the  year  for  two  ice  plants  in  the  city  of 
Chicago.  Of  course  more  ice  is  made  in  the 
summer  because  the  demand  is  greater,  but 
it  also  takes  more  power  to  make  a  ton  <  if  ice 
in  summer  due  to  the  higher  temperature  of 
the  cooling  water.  Fig.  2  gives  the  kilowatt- 
hours  per  ton  of  ice  for  each  of  these  same 
plants  for  each  month  in  the  year.  The 
values  from  which  these  curves  are  plotted 
are  taken  from  a  paper  read  by  Mr.  W.  J 
Bray  before  the  National  Association  of 
Practical  Refrigerating  Engineers 


Si>  far  all  that  has  been  said  has  had  b< 
with    large   refrigeratin  i 

1  cities  now  which  have  from  inn  to  300 
home  refrigerating  machines,  according 

I'll     atnearticle  givi 
i  it  i  he  residential  kilowatt-b  >v  aedpei 

month  for  the  average  home  in  which  a  refrig- 
erating machine  is  likely  to  be  installed. 


KILOWAll    HOURS  PER   MONTH 

Lighting 

Refriger- 
ation 

ge  summer  i 1 

ige    winter    months 

20 
42 

90 
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mi 

62 

These  figures  also  show  the  tendency  of 
i  he  power  consumed  in  refrigeration  to  smooth 
<  u1  the  load-factor  of  a  central  station. 

It  now  only  remains  to  roughly  refer  to 
some  of  the  newer  developments  which  point 
toward  an  ever  increasing  demand  for  electric 
power  by  this  industry.  In  Chicago  the  cold 
storage  industry  is  taking  its  first  step  toward 
central  station  distribution  of  cold  storage. 
The  Fulton  and  Market  Street  cold  storage 
plant,  in  which  last  winter  were  installed  two 
600-h.p.  synchronous  motors  driving  ice 
machines,  will  furnish  refrigeration  for  several 
other  large  warehouses  which  are  going  up  in 
the  vicinity.  The  central  lighting  plant  has 
been  well  known  for  a  long  time,  and  the 
central  heating  plant  is  in  operation  in  many 
places,  but  here  is  a  step  in  the  direction  of 
a  central  cooling  plant. 

Everyone  would  expect  refrigeration  in  the 
ice  cream  factories  or  the  packing  industry, 
but  who  would  expect  to  find  a  refrigerating 
plant  in  an  automobile  factory!  Yet  within 
the  last  year  Ford  has  put  in  a  1000-ton 
refrigerating  plant  to  cool  quenching  oil  and 
drinking  water. 

F.  E.  Mathews.  Past  President  of  the  Amer- 
ican Society  of  Refrigerating  Engineers,  made 
the  following  statements  in  the  January  num- 
ber of  Power: 

"In  volume  of  business  for  the  year,  1920 
has  been  a  record  breaker.  " 

"The  importance  of  the  ice  industry  can 
hardly  be  overestimated." 

In  the  same  article  it  is  also  stated  that  t he- 
United  States  consumes  100,000,000  tons  o1 
ice  per  year  and  that  there  are  496,960,000 
cubic  feet  of  space  under  refrigeration. 

On  the  basis  of  a  population  of  105,060,000, 
this  means  that  the  average  ice  consumption 
per  person  per  year  is  1894  pounds  and  that 
there  is  an  average  of  4.7  cubic  feet  of  refrig- 
erating space  per  person. 
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Three  Years  Operation  at  Windsor 

II    Mi  Far  la  Ni) 

M  \\  VGE  R   Hi  I  I  ii    BOI  TOM    POW  1  R  <  lOMPANI 

n  Gas  &  Electric  Company  and  the  Wesl 

is  in  man  new  departure  in  the  central  station  industry  and 

ring  and  business  policy  of  the  owners.     The 

that  all  apparatus  in  such  stations  may  be  subjected  to  unusu- 

ration.     The  economic  importance  of  keeping  each 

*  rator,  condenser  and  auxiliary  apparatus,  in  service  at 

wn  of  individual  parts  for  minor  repair  and  maintenance 

ii  is  gratifying  to  knew  that  the  standard  types  i  aratus  installed  have 

md  up  under  these  exacting  co  Editor. 

The  infoi  ■  ented  in   this  article 

■ 
the  Windsor  property.  This  is 
first  large  steam  electric  generating  stations 
supply  and  send- 
iii t s  of  use 
by  high-tension  transmission.  Because  of  the 
interconnection  of  the  v;  erved, 

and  the  manner  in  which  they  are  operated, 
the  station  |  ontinuously  from  thirty 

to  fiftv  per  cent  more  power  per  generator 
unit  than  similar  undertakings  at  present 
serving  the  larger  cities. 

First  work  on  the  site  was  started  in  Jan- 
uary of  1916,  and  the  initial  operating  trials 
red    in    August    of    1917.      During    the 
period    of    the    World    War    and    until    just 


tly  the  insistent  demand  for  power  by 
the  systems  served  ha-  been  such  as  to  i 
a  continuous  vigorous  drive  on  constru 
progn     ,  operatioi  up  with  the 

load  requirement.    Necessarily  certain  changes 
in    the    equipment    that    were    found    to    be 
able  required  long  periods  to  effect,  as 
they  had  to  be  accommodated  to  the  infre- 
quent    periods    when    e  [uipment    could    be 
ed  from  service. 
The    present    plant    generating    equipment 
having  a  capacity  of  120,000  kw.  con-' 
four  30,000-kw.,  60-cycle,  1800-r.p.m.,  11,000- 
volt,    3-phase    turbine-generator  units,    each 
with  its  complement  of  four  1250-h.p.  water- 
tube  boilers  with  condensers,  heaters,  switch- 
ing equipment,  etc.     The  average  steam  con- 


-  1 1 

I  ig.  1.      Windsor  Power  Flam  Looking  Southeast 
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ditions  at  the  turbines  are  230-pounds 
650  deg.  F.  temperature,  and  one  inch  absolute 
hack  pressure.  Prom  six  to  seven  kilowatts 
i  neration  is  allocated  to  each  rated  boiler 
power,  and  consistenl  driving  of  boilers 
at  continuous  overrating  is  practiced. 

The  tabic  demonstrates  the  activity  of  the 
ratus  over  an  extended  period.  During 
the  bituminous  coal  miners'  strike  in  No 
her  and  December,  1(119,  the  railroad  labor 
difficulties  in  the  spring  of  1920,  and  other 
instances  when  fuel  supply  to  other  plants 
interconnected  with  Windsor  was  reduced, 
some  remarkable  operating  records  resulted. 

The  Windsor  property  is  a  joint  enterprise 
by  the  Ohio  Power  Company  (a  subsidiary  of 
the  American  Gas  &  Electric  Company)  and 
the  West  Penn  Power  Company,  and  the 
power  plant  is  operated  as  the  Beech  Bottom 
Power  Company. 


at   Akron,  Ohio;  and  the   Massillon    E 
<  Company,  Massillon,  I  i] 

The  reservation  oJ   capacil  s    bj    thi    Wes1 
Penn   P  G  30,000  kw.,  which 

through  their  Iran  m;  em  is  tied  in 

with  the  following  generating  plants:  Wheel 
ing  Tr;  pair,  .  Win  i  Lin;  .  We  |  Vir- 

ginia; West  Penn  Power  Company,  Spring- 
dale  Penn.,  and  ( Jonnellsville,  Penn.;  and  in 
turn  there  is  provisional  exchange  of  power 
between  the  West  Penn  Power  Company  and 
the  Duquesne  Light  Company  of  Pittsburgh. 
In  general  the  Windsor  plant,  using  favorable 
local  resources,  transforms  energy  of  fuel  into 
electric  energy  and  delivers  it  to  the  trans- 
mission systems  for  these  localities,  which 
otherwise  would  have  to  resort  to  the  use  of 
some  thirty  or  more  railroad  train  crews  with 
perhaps  500  to  700  railroad  cars  continuously 
devoted    to    coal    transportation    service    to 


Operation  Factors  at  Windsor 

Year  191S 
Per  Cent 

Year  1919 

Per  Cent 

Year  1920 
Per  Cent 

30  Days 

Nov.  19  to 

Dec.  19,  1919 

Per  Cent 

One  Day 
Dec.4,1919 
Per  Cent 

Kilowatt  Hours  Generated 

63.2 

75.2 
86.3 

66.3 
78.6 
82.3 

60.2 
81.5 

81.4 

82.0 
88.8 
90.8 

Max.  Continuous  Station  Capacity  X Total  Hrs. 
Ave.  Station  Generating  Factor 

Total  Hours  Installed  Station  Capacity  Operative 

Total  Hours 

Ave.  Station  Availability  Factor 

Kilowatt  Hours  Generated 
One  Minute  Daily  Peak  Loads  X  Total  Hours 
Ave.  Station  Load  Factor 

100.0 
94.5 

First  Unit  in  Service.  August  19,  1917;   Second,  January  16,  1918;   Third,  May  29,  1919;    Fourth.  September  15,  1919. 


The  power  plant  is  located  at  Beech  Bot- 
tom, West  Virginia,  on  the  Ohio  River,  ap- 
proximately ten  miles  above  the  city  of 
Wheeling,  West  Virginia,  use  being  made  of 
river  bottom  lands  immediately  adjacent  to 
the  field  of  coal  that  is  being  mined. 

The  busbar  voltage  of  11,000  is  increased 
by  outdoor  high-tension  substations  on  the 
property  to  distribution  voltages  of  2l2,( KK), 
66,000  and  132,000  volts,  depending  upon  the 
distance  from  Windsor  to  the  various  local- 
ities served.  The  reservation  of  capacity  by 
the  Ohio  Power  Company  is  90,000  kw.  of  the 
present  installation,  and  through  their  system 
of  transmission  the  plant  is  tied  in  with  gen- 
erating stations  of  the  Wheeling  Electric  Com- 
pany at  Wheeling,  West  Virginia;  the  Ohio 
Power  Company  at  Canton,  Ohio;  and  East 
Liverpool,  Ohio,  the  Northern  Ohio  Traction 
Company  and  the  B.  F.  Goodrich  Company 


produce  the  added  amount  of  energy  at  their 
plants. 

The  present  coal  mine  opening  had  been  in 
service  a  number  of  years  before  the  property 
was  acquired  and  plant  construction  started. 
The  seam  mined  is  bituminous  Pittsburgh 
No.  8,  approximately  five  feet  thick.  The 
mine  entries  are  about  230  feet  above  the 
elevation  of  the  boiler  room  floor,  the  coal  is 
brought  down  by  gravity  plane  haulage, 
prepared  for  stoker  use  at  the  tipple,  and 
transported  about  2000  feet  by  steam  railroad 
equipment,  using  side-dump  cars  emptying 
into  pits  in  the  boiler  room  basement.  Growth 
of  plant  demand  within  the  past  year  requires 
more  coal  than  the  original  mine  haulage 
facilities  can  furnish  and  the  following  im- 
provements are  in  course  of  completion :  New 
mine  entries  are  being  driven  through  the  hill 
at  the  side  of  the  plant,  intersecting  with  the 
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handles  coal.  In  operating  the  plant  at  high 
continuous  ratings,  we  find  a  much  larger 
boiler  ash  hopper  capacity  is  desirable.  With 
property  grading  completed,  it  is  the 
intent  to  use  other  methods  of  ash  trai 
tation. 

It    must    In-    remembered    that,    for    good 
my.  the  flow  .if  cool  \v.  ter  into  a  | 
plant  must  be  from  500  to  600  times  th 
of  flow  of  coal  into  the  plant,  and  th< 
river   serves   us    well    in    this   respect.      The 
maximum  difference  of  record  between  flood 
stage  and  low  water  in  the  Ohio  river  at  the 
plant  site  is  forty-nine  feet,  and  this  aci 


Fi^.  7.      Panoramic  View  of  Windsor.      Power  Plant  and  Tipple  on  the  Left.  Located 


In  addition  to  enabling  a  production  of  coal 
sufficient  to  meet  present  plant  requirements 
or  logical   extensions,   it   will   dispense   with 
short-line  steam  railroad  haulage,  always  an 
ive  method.     Sufficient  coal  for  fifty 
demand  is  under  reservation.    The  coal 
supply  of  the  plant  is  further  protected,  as 
required,    by    receipts   of   coal    by    railroad, 
towage  on  tin-  Ohio  river,  and  motor  trucks 
from  coal  mining  operations  in  the  locality. 
Ash  is  at  present  disposed  of  in  grading  the 
low    elevation    plant    property    above    river 
flood  stages,  use  being  made  of  steam  rail- 
road equipment  of  the  type  that  at  present 


for  the  use  of  deep  pits,  the  location  of  the 
condensing  equipment  at  the  bottom,  and 
material  lengths  of  exhaust  piping  from  them 
to  the  turbines.  Variations  of  from  twenty 
to  thirty  feet  in  the  river  are  not  unusual  dur- 
ing certain  seasons  of  the  year  and  we  have 
had  occasions  when  loose  material,  such  as 
tree  limbs,  timbers,  fencing,  dead  plant 
growths,  etc.,  washed  off  of  the  river  bottom 
lands  has  caused  a  large  amount  of  extra 
work  about  the  screen  intakes  to  dispose  of 
this  material.  A  floating  fender  which  guards 
against  the  larger  debris,  certain  ice  condi- 
tions, etc..  has  proved  helpful. 


THREE  YEARS  OPERATION   AT  WINDSOR 


577 


During  the  three-year  period  of  persistent 
operation  at  material  overrating  of  boiler 
plant  equipment  (boilers,  stokers,  economiz- 
ers, etc.),  it  was  necessary  to  contend  with 
and  gradually  correct  certain  faulty  condi- 
tions and  still  meet  the  service  demand 
requirements.  There  was  continual  failure 
of  brick  work  and  furnace  linings,  which 
required  frequent  renewal.  A  change  of 
shape  in  some  of  the  furnace  walls  and  a 
material  increase  in  capacity  of  the  induced 
draft  fans  making  negative  pressure  condi- 
tions possible  at  all  times  over  the  fuel  bed 
reduced  the  service  outage  and  maintenance 


abnormal  conditions,  were  nol  entire]  frei 
from  faults  in  workmanship  and  material 
Each  unit  was  immediately  called  upon  for 
all  il  was  good  for  as  soon  as  construction 
work  reached  the  point  where  the  machine 
was  operative.  Substitution  of  steel  for  cast 
iron  where  subjected  to  high  steam  tempera- 
tures later  became  necessary.  l>ce.m  ■  < 
difficulty  elsewhere  with  diaphragm  de  '•  c 
tion  under  maximum  load  conditions,  and  to 
insure  uninterrupted  service  to  essential  in- 
dustries, upon  the  manufacturers'  recommen- 
dation the  first  two  units  were  operated  at 
loads  not  exceeding  two-thirds  of  their  rating. 


Alongside  the  Ohio  Ri' 


Coal  Mine  on  Right  with  Gravity  Railway  Between 


expense  to  a  nominal  value.  The  failure  of 
boiler  tubes  over  the  fire  was  particularly- 
frequent,  and  cleaning  of  boilers,  economizers, 
etc.,  was  a  continual  operation  due  to  periods 
of  excessive  leakage  of  the  surface  condensers, 
admitting  raw  water  with  its  river  silt  con- 
tent into  the  system.  Changes  have  also  been 
made  to  the  boiler  room  structure  and  fan 
equipment  which  have  improved  the  arrange- 
ment for  the  large  maintained  air  demand  of 
the  stoker  fans. 

The  first  turbine  units  furnished,  which 
were  of  a  new  design  constructed  and  installed 
during    the   war    period    with    its    attendant 


Subsequent  experience  indicated  that  the 
restriction  of  capacity  was  ultra-conservative. 
It  was  necessary  to  regularly  operate  one  unit 
two  and  one-half  years  and  the  other  three 
years  before  there  was  convenient  opportu- 
nity to  make  the  desired  changes.  During 
this  period  these  turbines  carried  their  max- 
imum available  load  eighty  per  cent  of  the 
elapsed  time  and  would  have  made  even  a 
better  record  if  it  had  not  been  necessary  to 
conduct  maintenance  work  on  their  con- 
densers, boilers,  oiling  systems,  etc. 

Though  air  washers  are  in  use  for  the  gen- 
erators, the  long  periods  of  continuous  opera- 
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ity;  and  an  interrupt  i'  -  ener; 

ment  at  any  point  at  any  time  is  very 
noticeable  to  the  ultimate  consumer. 

In    attaining    the    nearest    approach    to   a 

,    LOO  per  cenl    n  0  serve 

from  all  equipment.   a1  on    which   in 

portation    time    is    remote    from    city 

facilities,    it   has   been   advisable    to    provide 

housing  accommodations   for  50   per  cent  of 

'  he  entire  operating  personnel  of  the  plant  and 

the  mine,  and  also  a  buildinj  i    housing 

and  repair  of  equipment   which   is  of  much 

er  size  and  more  diverse  facilities  than 

is  usual  for  metn  politan  plants. 

The  operating  record  of  this  station  dem- 
onstrates the  stamina  of  apparatus  under 
exacting  service  which  may  become  common 
to  enterprises  of  this  character. 
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Windsor  Power  Plant  Under  Construction.      East  Elevation  of  Condenser  P 


Industrial  Heating  and  the  Central  Station 

By  E.  II.  Horstkotte 
Power  and  Minim.  Engini  ering  Department,  Gi  meral  Ei  i  i  nu.   Company 
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LTHOUGH 

in  its  initial-  tage: 
as  compared  with  its 
ultimate  develop- 
ment, the  adoption  of 
electricity  as  a  heat- 
ing agency  is  proceed- 
ing at  a  phenomenal 
rate  and  the  Central 
Station  has  every 
reason  to  feel  very 
optimistic  concerning 
its  future.  Every  day 
e.  h.  Horstkotte  one  sees   new    appli- 

catii  ms  and,  not  infre- 
quently, new  processes  and  products  de- 
veloped by  its  use.  Even  now  in  some  sec- 
tions of  the  United  States  this  load  is  as  large 
as  the  combined  motor  and  lighting  load  of 
the  stations  supplying  the  power.  In  the 
Niagara  Falls  district  fully  ninety  per  cent  of 
the  electric  power  developed,  is  consumed  in 
heating  loads.  Many  central  stations  have 
f  i  fund  it  necessary  to  increase  their  generating 
capacity  to  handle  the  increased  demands  of 
their  customers  arising  from  this  source.  At 
the  present  time  it  is  being  given  a  greater 
impetus  by  the  ever  increasing  costs  and 
difficulties  in  transportation  of  coal  and  oil,  by 
the  gradual  depletion  of  our  natural  gas 
resources,  and  by  the  development  of  our 
long  neglected  water  power. 

Electric  heating  may  be  divided  into  three 
classes,  viz.,  industrial,  electrochemical  and 
electrometallurgical.  the  last  two  of  which  are 
discussed  in  other  articles  of  this  issue.  Broadly 
speaking,  in  industrial  applications  heat  is 
applied  to  the  process  or  product  without 
effecting  a  chemical  change,  and  in  most 
cases  at  a  comparatively  low  temperature.  In 
the  electrochemical  and  electrometallurgical 
processes,  however,  the  material  to  which 
heat  is  applied  has  very  different  characteris- 
tics, both  physical  and  chemical,  before  and 
after  the  application. 

It  is  almost  impossible  to  name  a  single 
factory  that  does  not  use  heat  at  some  time 
or  other  in  the  process  of  manufacture  and 
when  compared  with  the  other  power  require- 
ments of  the  plant,  the  energy  required  for  the 
heating  load  measured  in  B.t.u.,  is  usuallv  far 


in  excess  of  thai   required  fo  or  and 

lighting  li  ad.     In  nearly  every  one  of  these 
applications  electricil  agent 

methods  of 
heating.      The    field  i  d    i  lectric  heating   will 
continue  to  grow  as  experience  and  science 
work    out     the    corred     design    and    proper 
in-      particular 
i       Even    nov  cope  of 

application  is  very  exti  I  -   following 

list  indii 


Anm  aling  : 
Back  n  Hinder; 
I :         riological  ini  ■ 
Batch  warmers 
Branding  irons 
Broilers 
Burnishers 
Butter  warmers 
Button  die  heaters 
Can  capping  machines 
Car  heaters 

Case  making  and  cover- 
ing machines 
izers 
Celluloid  softe 
Chocolate  warmers 

<  'In  10  ilate  trays 
Cigar  lighters 
Clothes  dryers 
Coffee  roasters 

<  i  iffee  urns 

Collar  and  cuff  molding 

machines 
Core  ovens 
Corn  poppers 
Corset  irons 
Crimping  machines 
Cuff  irons 
Curling  irons 
Dental  furnaces 
Dye  tank  heaters 
Dipping  tanks 
Disc  stoves 
Drying  ovens 
Enameling  ovens 
Envelope  gum  dryers 
Fan  dryers 

Film  and  print  dryers 
Flash  heaters 
Flatirons 
Food  warmers 
Form  heaters 
French  irons 
Gilding  wheel  heaters 
Glue  creasing  tools 
Glue  heaters 
Glue  pots 
Griddles 
Hair  dryers 


Hand  felts 
H  hells 

I  li  isil  r  . 

I  Iblanki 

:  li  cabinets 
ites 

[ncubators  and  brooders 

Indenters  and   burnishers 

Japanning  i ■: 

Knurling  machines 

Laundry  irons 

Lining  cementers 

Linotype  and  monotype 
pots 

Machine  irons 
glers 

Matrix  dryers 

Mi.  til  melting  pot  5 

Muffle  furnaces 

'  )vens 

Palette  heaters 

Paper  seal  moisteners 

Patent  leather  machines 

Peanut  roasters 

Peanut  warmers 

Pipe  (hawing  apparatus 

Pleating  machines 

Rectifier  tube  boilers 

Resin  heaters 

Rivet  heaters 
Roofing  pitch  kettles 
Sealing  wax  heaters 
Shelf  heaters 
Sherardizing  ovens 
Shoe  relasters 
Sleeve  irons 
Soldering  irons 
Solder  pots 
Solution  tanks 
Stamping  and  embossing 

presses 
Starch  cookers 
Steam  boilers 
Sterilizers 
Stitchers 
Tailor  irons 
Tank  heaters 
Teapots 
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INDUSTRIAL  HEATING  AND  THE  CENTRAL  STATION 
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Tempering  furnaces  Velouring  sto 

ube  heaters  Vulcanizers 

Thread  waxing  machines  Waffli 

Toasters  Water  heal 

Tube    crucible    vacuum  Water  still 

furnaces  Wax  burning-in  irons 

Turn  and  welt  machines  Wax  kn 

Varnish  drying  ovens  Welding  apparatus 

Vat  dryers  Welders 

■narking  irons  Yarn  conditioning  o 

The  widespread  use  of  electric  heating  can 
be  attributed  to  the  immense  demand  fi  >r  heat . 
the  great  lack  of  efficient  fuel  apparatus,  and 
the  many  disadvantages  of  fuel  transportal  i<  m, 
storage  and  combustion.  Electric  energy  can 
be  transformed  directly  into  heat  energy  at 
one  hundred  per  cent  efficiency.  It  does  not 
contaminate  the  atmosphere.  It  is  clean, 
safe,  sanitary,  flexible  and  easy  to  apply. 
Greater  quantities  and  more  intense  heat  can 
be  produced  electrically  in  a  given  space  than 
by  any  other  known  means.  It  can  be  meas- 
ured and  controlled  both  as  to  temperature 
and  quantity  mure  readily  than  any  other 
source  of  heat  energy. 


Fig.   5.      Electrically   Heated   Core   Baking  Oven,   Showing 

Loaded  Truck  and  Electric  Heaters.    Oven  10  ft.  long, 

5  ft.  wide,  7  ft.  high.  72  kw.  connected 

In  considering  the  various  types  of  heat 
sources  for  an  industrial  plant  it  usually 
develops  that  the  energy  costs  are  only  a  small 
part  of  the  total  cost  of  the  product,  and 
other  items,  such  as  better  product,  less  waste, 


■I  installation,  labor  charge  .  etc  ,  must 
be  con  [dered  Otherwise,  many  manufac- 
oi  automobile  bodies  win.  had 
ns  installed  would  not  have  been 
justified  in  discarding  them  and  repL 
them  with  electrically  heated  ovens.  In  the 
manufacture    of    an    enameled    produd 


Fig.  6.      Welding  End  Ring  of  Rotor,  36-pole, 
1400-h.p.  Induction  Motor 

cost  of  the  enamel,  on  the  labor  alone,  is 
generally  higher  than  the  cost  of  the  energy 
required  for  baking  it.  Further,  the  cost  of 
reworking  one  piece,  spoiled  in  the  baking 
process,  may  be  as  much  as  that  of  the  energy 
required  for  the  entire  bake.  The  method 
which  increases  to  a  maximum  the  intrinsic 
worth  of  a  specified  product  may  make  the 
process  having  the  higher  manufacturing  cost 
the  cheaper  process  in  the  end. 

In  the  majority  of  industrial  heating  appli- 
cations the  maximum  temperatures  required  do 
not  exceed  1000  deg.  C.  Exceptions  to  this 
are  mostly  in  the  transformer  heating  devices. 
In  the  low  temperature  applications  the  trans- 
formation of  electrical  energy  to  heat  energy 
is  usually  obtained  by  passing  electric  current 
through  a  metallic  resistor  having  a  compara- 
tively high  electrical  resistance  and  also  a  high 
resistance  to  oxidization.  This  type  of  load 
is  an  ideal  one  for  the  central  station.  It  is 
adaptable  to  either  direct  or  alternating  cur- 
rent. In  case  of  alternating  current,  the  load 
can  be  distributed  evenly  over  the  different 
phases,  resulting  in  a  well  balanced  load. 
Also  as  the  load  is  entirely  resistance  the 
power-factor  is  very  high. 

In  the  transformer  heating  devices,  such 
as  rivet  heaters,  butt  welders  and  spot  weld- 
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Fig.  7.     Electric  Rivet  Heater,  15  Kw.,  220  Volts, 
75  Amp.,  60  Cycles. 

i   installation.     Where 
is  considerable  power  involved,  voltage  Alie- 
ns  may    be   caused.      This   is    usually 
rme  by  interposing  a  motor-generator  set 
between  the  transformer  and  source  of  supply, 
which  not  only  acts  as  a  buffer  or  stabilizer 
1    and    source  of  power  but 
also    distributes   the  load  evenly  on  all  the 

The  greatest   benefit,   however,   which   ac- 
crues to  the  large  central  station  from  a  large 
industrial  heating  load  is  the  high  diversity 
factor  obtained,  and  its  effect  upon  the  load 
trial  heating  load  is  usually 
2  i  number  of  small  loads  and 
it  is  very  evident  that  the  generating  capacity 
of   the   station   supplying,    for    instance,   one 
hundred  one-kilowatt  loads  for  10  hours  will 
be  much  less   than  a  station   supplying  the 
iurs  to  a  load  for 
one   hour.      In    the   average    central    station 
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valley  portions  of  the  load  curve  may  be  filled 
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■  - 


Fig.  8.     General  Electric  Pyrotip  Soldering  j 
Flange  to  Sheet  Iron  Tank. 


combined,  it  frequently  happens  that  the 
valley  portions  of  the  load  curve  can  not  only 
be  filled  but  the  total  power  consumption  of 
the  plant  may  be  increased  by  taking  on  an 
electric  heating  load  to  such  a  value  that  this 
load  is  obtained  at  a  rate  considerably  lower 
than  that  for  the  motor  and  lighting  load. 
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Automatic  Arc  Welding 

By  H.  L.  (Inland 
Power  and  Mining  Engineering  Department,  Generai    i hi   I  ompani 


T! 


H.  L.  Unland 


M  1  E  automatic  arc 
welder  is  an  elec- 
ta i-mechanical  device 
I' ir  feeding  a  continu- 
ous electrode  wire 
into  a  metallic  weld- 
ing arc,  the  rate  of 
feed  being  governed 
>y  the  electrical  con- 
litions  in  the  arc. 
'he  function  of  the 
device  is  two-fold: 
First,  it  permits  the 
use  of  a  continuous 
electrode  and  thus 
avoids  the  frequent  stops  and  the  wastage  of 
short  ends  of  wire  when  electrodes  are  changed. 
Second,  it  replaces  the  muscular  inaccuracy  of 
a  manual  welder's  arm  and  wrist  by  the  steady 
motion  of  a  mechanical  device  which  is  not 
subject  to  fatigue  or  illness. 

Various  investigators  have  reported  that  the 
electrode  loss  due  to  waste  ends  is  from  15  to  20 
per  cent  of  the  total,  corresponding  to  a  waste 
of  from  two  to  three  inches  when  a  14-inch  elec- 
trode is  used.  In  many  cases,  however,  it  will 
be  found  that  the  waste  ends  run  from  three 
to  five  inches  in  length.  The  loss  of  time,  in 
itself,  is  not  particularly  serious.  An  average 
of  80  seconds  is  required  to  deposit  one  elec- 
trode with  from  5  to  20  seconds  lost  in  chang- 
ing electrodes.  This  interval,  however,  gives 
the  metal  last  deposited  an  opportunity  to 
cool,  with  the  result  that  the  welder  must,  in 
effect,  start  an  arc  on  a  cold  spot.  Unless  care 
is  taken  the  old  crater  is  not  entirely  fused, 
with  the  result  that  a  porous  spot  is  merely 
covered  over  with  a  thin  coating  of  metal. 
Most  of  the  leaks  in  vessels  are  found  to  occur 
at  these  points. 

Uniformity  or  steadiness  of  conditions  in 
the  arc  is  universally  accepted  as  a  requisite 
for  sound  welding.  Due  to  the  uniformity  of 
the  automatically  regulated  arc,  it  is  possible 
to  weld  at  a  rate  greatly  in  excess  of  that 
possible  in  manual  welding. 

The  automatic  welder  consists  of  two  parts, 
a  welding  head  and  a  control  panel.  The 
welding  head  consists  of  a  pair  of  feed  rolls 
and  a  small  direct-current  motor,  with  suita- 
ble gearing  between.  The  feed  rolls  serve 
to  force  the  electrode  wire  along  and  also  to 


mi  roduce  the  welding  currenl  into  I  he  wire. 
The  panel  is  provided  with  the  necessary 
instruments,    rheostats,    relays,    and   co 

he  conditions  in  the  welding 
arc  circuit,  and  also  to  adjusl  and  regulate 
the  speed  ol  the  feed  motor  in  order  to  main- 
tain the  are  voltage  constanl  a1  any  desired 
value  i  hrou  ;h  idi  rable  rangi 

Since  the  automatic  welder  merely  replaces 
the  manual  operation  of  the  electrode,  a 
suitable  source  of  welding  current  is  necessary. 
This  may  be  of  the  single-operator  variable- 
voltage  type  or  of  the  multi-operator  con- 
stant potential  type.  In  either  case,  for  a  given 
adjustment  of  the  welding  circuit,  the  currenl 
and  consequently  the  rate  of  deposition  will 
remain  constant  as  will  the  arc  length  if  the 
arc  voltage  is  held  constant  by  varying  the 
speed  of  the  electrode  feed.  This  briefly  is  i  lie 
principle  of  operation  of  the  automatic  welder. 
The  connections  and  control  equipment  are 
such  that  an  increase  in  the  arc  voltage  causes 
an  increase  in  the  speed  of  the  feed  motor,  and 
consequently  the  electrode  is  fed  more  rapidly 
to  the  arc.  When  the  arc  voltage  reaches  i  he 
normal  value  the  motor  again  resumes  its 
normal  speed.  The  converse  takes  place  when 
the  arc  becomes  too  short. 

Since  the  device  is  only  intended  to  feed 
the  wire  into  the  arc,  a  travel  mechanism  is 
necessary  and  must  be  provided  to  steadily 
move  either  the  work  or  the  welder  in  order 
to  have  the  arc  progress  along  the  desired 
line  of  weld.  A  manual  welder  will  go  slowly 
at  points  where  the  edges  of  a  seam  gap 
apart  and  will  fill  the  opening  by  a  different 
motion  of  the  electrode.  This  is  impossible 
with  a  machine  and  therefore  care  must  lie 
taken  to  obtain  suitable  preparation  for  the 
weld.  This  takes  the  form  of  preparing  and 
carefully  aligning  and  clamping  the  edges 
where  two  edges  of  plate  metal  are  to  be 
joined.  When  the  metal  to  be  joined  is  thin, 
the  edges  need  not  be  beveled.  A  section  of 
heavy  metal  is  often  used  for  backing  up  a 
weld.  This  may  be  for  the  purpose  of  securely 
holding  the  work  while  it  is  being  welded,  or  to 
prevent  molten  metal  running  through  and 
forming  drops  on  the  back  of  the  weld,  or  else 
to  prevent  the  arc  burning  through  the  sheet. 
The  second  use  depends  on  the  backing  strip 
for  mechanically  holding  the  molten  metal 
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Fig    1       Lathe  Used  as  Travel  Mechanism  for  Automatic  Arc 
Welder.     Lead  screw  provides  straight  line  motion 


Fig.  2.     Same  as  Fig.  1  with  Wo;k  Supported  from  Cariiage  and 
Welding  Head  Mounted  on  Stationary  Pedestal 


Fig.  4.      Depositing  Spiral  Weld  by  Means  of  Lathe 


Fig.    5.      Automatic  Welding  Head  Supported 
on  Boring  Mill  to  Obtain  Circular  Weld 


Fig.  3.     Same  as  Fig.  1.  Cross  Feed  Used  for 
Obtaining  Motion  of  Welding  Head 


Fig.  6.     Turntable  Used  for  Circular  Weld 


AUTOMATIC  ARC  WELDING 


-,,s;, 


in  place,  while  in  the  third  use  the  heat  con- 
ductivity and  mass  of  the  backing  are  de- 
pended upon.  The  second  use  is  applicable 
when  medium  or  heavy  plates  are  being 
welded,  and  in  this  case  the  backing  strip  need 
not  accurately  bear  on  the  plate  at  all  points. 
Considerable  variation  is  usually  permissible. 
The  third  use  is  a  necessity  where  thin  sheet 
metal  is  being  welded  and  this  further  requires 
thai  the  sheets  touch  the  backing  strip  at  all 
points  along  the  weld. 

Since  copper  has  high  heat  conductivity 
and  is  easily  formed,  and  furthermore  since 
molten  iron  or  steel  does  not  tend  to  weld  to 
copper,  this  material  is  found  to  be  most 
suitable  for  backing  up  a  weld.  The  backing 
strip  of  copper  may  be  supported  on  a  steel 
shape  if  greater  strength  is  required.  In  some 
rases  the  backing  may  be  of  steel. 

Since  the  arc  progresses,  by  means  of  the 
travel  mechanism,  along  a  predetermined 
path,  it  is  evident  that  the  piece  to  be  welded 
should  be  accurately  held  in  shape  and  in 
position.  This  at  once  suggests  the  use  of 
clamping  and  supporting  jigs  and  fixtures, 
which  are  of  material  assistance  in  handling 
pieces  for  welding.  The  cost  of  the  fixtures 
becomes  of  negligible  importance  when  the 
number  of  pieces  welded  is  large.  The  prin- 
cipal field  for  this  device  is  the  production,  by 
welding,  of  duplicate  objects  in  considerable 
quantities. 

In  any  given  application  the  success  will 
depend  in  a  large  measure  on  the  use  of  a 
suitable  travel  mechanism.  The  majority  of 
production  welds  fall  into  one  or  both  of  two 
simple  classes.  A  straight  line  weld  is  the 
sim]  ilest  form  and  will  be  found  to  include  the 
greater  number  of  welds.  A  circular  weld  is 
another  simple  form  which  is  frequently  used. 
A  combination  of  these  two  provides  the  spiral 
weld.  There  will  also  be  found  many  cases 
where  the  weld  follows  an  irregular  or  more 
complicated  path,  and  special  means  must 
be  provided  to  care  for  such  applications. 

Examples  of  straight-line  welds  are  shown 
in  Figs.  1,  2,  and  3.  In  the  illustrations  the 
work  shown  as  being  welded  is  immaterial. 
The  form  of  weld  and  method  of  obtaining 
the  corresponding  travel  are  the  features  to 
be  emphasized.  In  Fig.  1  the  work  is  shown 
as  supported  between  lathe  centers  with  the 
welding  head  mounted  on  the  carriage.  By 
using  the  lead  screw  on  the  lathe,  the  car- 
riage and  welding  head  are  moved  along  the 
line  of  weld.  Should  the  work  be  too  large 
to  be  supported  in  this  way  it  may  be  held 
on  stationary  supports  behind  the  lathe,  the 


welding  head  turned  around,  and  the  same 
methods  used  Fig.  2  shows  the  welding  head 
supported  on  a  stationary  pedestal  and  the 
work  carried  on  a  saddle  supported  from  the 
carriage  The  lea.  I  cren  is  used  for  obtaining 
the  desired  longitudinal  motion. 


Fig.  7.      Travel  Mech 


for  Welding  Tubing 


In  Fig.  3  the  work  is  shown  held  stationary 
between  the  centers  and  the  cross  feed  used 
to  obtain  the  desired  motion.  The  arc  is 
moved  back  along  the  work  to  the  end  of  the 
weld  when  the  motion  of  the  feed  is  reversed. 
At  the  same  time,  the  carriage  is  moved 
slightly  in  order  to  deposit  a  weld  beside  the 
first  bead.  This  method  may  be  used  for 
building  up  low  sections  or  worn  spots. 

In  building  up  a  section  of  a  shaft  a  spiral 
weld  is  deposited  as  shown  in  Fig.  4.  The 
shaft  is  slowly  revolved  between  the  centers 
and  at  the  same  time  the  lead  screw  advances 
the  carriage  bearing  the  welding  head.  For 
the  operations  thus  far  described  a  lathe  is 
entirely  suitable  although  for  the  simpler 
motions  it  is  possible  that  less  expensive 
devices  may  be  made  up  in  some  cases. 

Other  machine  tools  may  be  called  into 
service  to  support  the  welding  head  and 
obtain  the  desired  travel  motion  as  indicated 
in  Fig.  5  in  which  a  boring  mill  is  shown. 

In  some  cases  special  equipments  will  be 
required.  For  example,  the  small  turntable 
shown  in  Fig.  6  may  be  produced  at  a  very  low 
cost  where  circular  seams  only  are  to  bewelded. 
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Fig.  8.      Welder  for  Large  Tanks 

this  ui  id  is  mounted  on  the  carriage, 

as  is  the  reel  of  electrode  wire,  and  is  driven 
through  a  splined  shaft  by  the  motor  shown 
at  the  right  end  of  the  machine.     The  travel 
carriage  is  obtained  by  means  of  a  long 
located  between  the  upper  supporting 
beams  and  driven  by  the  travel  motor  at  the 
left  of  the  illustration.     Such  a  device  will 
handle  a  large  variety  of  shapes  and  sizes  of 
i anks.     For  welding  seams  having  neither  a 
circular  nor  straight  line  path,  the  machine 
shown  in  Fig.  9  has  been  developed.     In  this 
caseiti    di    irei  1  to  weld  the  bottom  seam  of  a 
tank  similar  to  the  one  shown  in  Fig.  S.    The 
ath  is  made  up  of  practically 
two   semi-circular   ends   with   tangent   sides. 
A  rack  is  laid  out  having  its  pitch  line  on  the 
iied   weld.      A    small   pinion 
ms,'  this  rack  moves  the  line  of  the  weld 
he  point  of  contact  at  a  constant  speed. 
The  arc  is  held  stationary  over  the  point  of 
contact  between  the  pinion  and  the  rack  and 
therefore  the  work  is  moved  past  the  arc  at  a 
nit  rate.     The  principle  of  this  device 
bo  a  large  variety  of  applica- 
tions where  the  weld  follows  a  more  or  less 
complicated  pa 

In  addition  to  the  methods  outlined,  there 
will  also  be  found  a  great  many  applica 
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•       currenl     On  the  ]  ian< 
the  welding  head  there  is  provided  an  inter- 
lock which  may  be  used  to  operat 

i  ir.     In  this 
way  when  the  arc  starts,  the  travel  mechanism 
will  automatically  be  started  and 
the  arc  stops,  for  any  reason,  t  he  i  rj 
Stops  also.     It  is  desirable  that  dynamic  brak- 
ing be  used  to  stop   tin-  travel  and  pn 
drifting,  in  order  that   the  are  may  re-start  at 
« 'int  when.'  welding  cea 


Fig.  9.      Mecha 


ng  Complicated  Travel  Motions 


By  the  use  of  the  automatic  welder  it  is 
possible  to  deposit  metal,  and  consequently 
to  weld,  at  a  rate  from  two  to  five  times  as 
fast  as  in  manual  welding.  One  cause  is 
that  a  continuous  weld  is  made  over  the  whole 
length.  In  this  way  the  welding  equipment 
is  wi  irking  at  a  high  load  factor  instead  of  the 
usual  factor  of  50  to  60  per  cent  encountered 
in  manual  welding.  The  steadiness  of  the 
arc  produces  the  best  quality  of  dej). 
metal.  However,  these  valuable  qualities 
may  be  entirely  neutralized  unless  sufficient 
pains  are  taken  to  provide  a  suitable  travel 
mechanism. 
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Apply  Arc  Welding  to  Reduce  the  Scrap  Pile 

By  B.  C.  Tracey 
Power  and  Minis, .  Engineering  Department,  General  Electrk   Company 


TN  these  days  of  re- 
-*•  trenchment,  every 
manager  is  constantly 
alert  to  the  necessity 

of  cutting  production 
costs  by  improving 
methods  of  manu- 
facture and  eliminat- 
ing waste.  The  size 
of  the  junk  pile  is  one 
sure  indication  of  the 
success  attending  his 
efforts.  Heretofore 
little  thought  has 
been  given  to  reclaim- 
ing broken  or  imperfect  parts  since  it  is  much 
easier  to  consign  such  parts  to  the  scrap  heap 
and  draw  on  the  Stock  Department  for  new 
ones.  This  may  apply  to  the  things  produced 
or  the  machinery  which  produces  them. 

For  the  reclaiming  of  metal  parts  the  elec- 
tric arc  welding  process  furnishes  an  inexpen- 
sive and  thoroughly  practical  means  for  their 
repair.  The  size  of  the  part  to  be  welded  is 
limited  only  to  the  skill  used  by  the  operator 
in  the  preparation  of  the  piece  before  welding 
and  the  manipulation  of  the  electrode  during 
the  welding  process.  The  following  case  is 
typical  of  a  number  of  other  successful  appli- 
cations of  similar  magnitude: 

"Repairing  Waterwheel  Runner  by  Electric 
Welding:  Repairing  a  worn  waterwheel  run- 
ner by  electric  welding  was  found  to  add 
350  kw.  to  the  power  available  from  an  old 
3000-kw.  wheel  in  the  Naches  Powerhouse  of 
the  Pacific  Power  and  Light  Company,  near 
Yakima,  Washington.  This  is  a  36-in. 
Victor  turbine  built  by  the  Piatt  Iron  Works. 
It  is  directly  connected  to  a  3000-kw.  General 
Electric  alternator.  The  runner  on  this  unit 
is  of  bronze,  and  several  months  ago  serious 
pitting  took  place  so  that  the  discharge  ends 
of  the  vanes  were  pitted  clear  through,  and  the 
bases  of  the  vanes  pitted  so  that  one  broke 
out,  cracking  several  others  before  the 
machine  could  be  brought  to  a  standstill. 
A  thorough  examination  was  made,  and  it 
was  found  that  the  clearance  on  the  discharge 
end  of  the  runner  was  0.22  in.,  while  on  the 
opposite  end  it  was  0.14  in.  These  clearances 
were  too  great. 


"A1    firsl    it    appeared    thai    it    would    be 
ary    to    junk    the    runner.       1  [ov  i    i 
ried  and   168  poum 
to  build  up  the  runner  ■ 
it  had  been  pitted,  and  also  a1  the  clearam  i 
The  clearance  rings  were  then  removed  and 
machined  after  which  the  runner  was  put  in 
a  lathe  and   the  clearance  machined   to  the 


Fig.   1.      Worn  Armature  Shafts  Built  up  by  General  Ele 
Constant  Energy  Welding  Machine,  Showing 
One  Armature  Shaft  Machined 


proper  size.  The  vanes  were  smoothed  by 
means  of  a  small  electrically  driven  emery 
wheel  and  finished  off  with  a  file  by  hand 
where  possible.  The  shaft  also  was  built  up 
and  machined  to  size.  A  test  showed  that  the 
power  of  the  station  was  increased  350  kw.  by 
the  changes."* 

If  welding  had  not  been  employed,  the 
approximate  cost  of  replacing  the  defective 
runner  parts  would  have  been  $2750,  divided 
as  follows: 


Bronze  runner  . 
Clearance  rings 


52250.00 
500.00 


Total $2750.00 


1  From  Electrical  World,  April  2.  1921,  p.  769. 
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Fig    2.      Broken   Cast    Iron  Motor  Case  Reclaimed  by  General 
Electric  Constant  Energy  Welding  Machine 

Wh  I    for    such    major   welding 

repairs  arc  of  uncommon  occurrence  in  any 
here  arc  types  of  business  in  which 
aical  maintenance  of  equipment 
furnishes  a  continual  opportunity  for  the 
inexpensive  service  of  an  arc  welding  outfit 
One  of  these  fields  of  application  is  in  the 
mainti  railway  equipment 

Arc  Welding  in  Street  Railway  Repair  Shops 

Concerning   the   usefulness   of   electric  arc 
welding  machines  in  street  railway  shops,  an 
-  centlysaid:   "  Electric  welding  has 
rightly,  though  not   completely,  named 
the  first  aid  to  injured  track  and  shop  equip- 
The  following  applications  gathered 
from  several  railway  shopsconfirm  this  opinion. 
The  must    important   welding   operation   in 
these  shops  is  the  building  up  of  worn  arma- 
ture shafts,  in  Fig.   1.     There  is  no 
question    as    to    the    mone]     saved    by    this 
'ion.  and  where  there  arc  a   numb 
can 


Fig.  3.      Broken   Cast  Iron  Motor  Casing  and  Brake  Housings 

Welded  by  General  Electric  Constant  Energy  Welding 

Machine  -Case  Broken  in  Twelve  Pieces 


of  service.  Instead  of  the  customary  practice 
of  using  shims  to  obtain  the  proper  fit,  a 
light  layer  of  metal  deposited  by  the  electric 
arc.  and  later  machined  to  the  desired  fit, 
would  make  a  much  more  serviceable  repair. 
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Badly  worn  gear  casings  can  be  readily 
patched  by  the  use  of  the  electric  welder;  and 
broken  teeth  in  mi  it  or  gears  can  be  easily  and 
cheaply  replaced. 

Signal  brackets,  trolley  bases,  core  heads 
on  armatures,  axle  caps,  brake-shoe  head 
and  half-hall  hangers  all  can  be  repaired  al 
a  very  low  cost.  Oftentimes  no  machining 
will  be  required  after  the  welding  operation  is 
performed. 

Side  truck  frames  which  often  break  in  the 
pedestal  can  be  successfully  welded  for  one- 
quarter    the   cost   of    acetylene  wilding  and 
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Fig.  4.      Scrapped  Cast  Iron  Motor  Cases  Being  Reclaimed  by 
General  Electric  Constant  Energy  Welding  Machine 

in   about    one-third    of    the    time,    with    the 

assurance  of  obtaining  a  high  quality  of  work. 

The  saddle  strap  supports  on  the  side  frame 

of  the  car  wear  a  groove  on  the  frame  which 


trap  to  rub  on  the  motor  pot,  thus 
'  a  double  source  oJ  trouble     With  the 

11  ■  ■  "i  ' lectric  h  elder  this  worn  condition 

"ii  the  frami   can  be  readily  corn  cted  ai 
strap  held  firm. 

A  number  of  railway     ti  da    an  elimi 
all  the  slid  flat  and  flaked  mil  places  on  cold 
rolled  d  also  are  building   up 
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Fig.  5.      Portable  Single  operator  Constant  Energy  Arc  Welding 
Machine  60  20-volts  200-ampere 
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Fig.  7.      400  650-volt  Resistor  Arc  Welder 
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Possible  New  Uses  for  Electric  Power 

By  W    L.  \i  i  rrill 
Power  and  Mining  Engineering  Department,  Geni  ral  Ei  ipanv 


W! 


rHEN  consider- 
ing the  commer- 
cial uses  of  electric 
power  that  have  come 
into  existence  in  the 
past  twenty  years,  it 
is  hard  to  predict  what 
new  uses' will  be  found 
in  the  future;  in  all 
probability  they  will 
in  the  main  be  exten- 
sions and  modifica- 
tions of  present  appli- 
w.  l.  Meniii  cations,    rather    than 

entirely  new  fields. 
Yet,  it  is  absurd  to  predict  that  entirely  new 
uses  for  power  in  large  quantities  will  not  be 
found,  some  of  them  perhaps  equalling  our 
present  stable  industries  in  power  consumption. 
For  example,  who  would  have  predicted  ten 
years  ago  that  the  electric  coal  stripper,  whose 
roadbed  is  a  vein  of  coal  say  6  feet  thick, 
could  economically  be  electrified;  that  it 
would  be  a  paying  proposition  to  run  high 
tension  lines  and  to  purchase  power  from  a 
remote  central  station  to  operate  the  strippers, 
when  with  the  steam  equipment  all  that  is 
necessary  is  to  shovel  the  coal  from  the  road- 
bed into  the  boiler  furnaces  ?  Yet  such  is  the 
case. 

Many  other  similar  applications  have  been 
developed  for  purely  economical  reasons  and 
increase  of  production,  such  as  burning  coal 
in  an  industrial  plant,  generating  steam  to 
produce  electric  power  which  is  transmitted 
to  other  parts  of  the  plant  to  again  generate 
steam  in  electric  boilers  for  industrial  uses, 
or  converted  to  heat  which  is  used  directly, 
as  in  vulcanizing  installations  and  similar 
processes. 

When  studying  the  means  of  devising  new 
uses  for  electric  power,  consideration  should 
be  given  to  the  economic  question  of  improv- 
ing the  load  factor  of  the  central  station, 
specially  in  those  waterpower  stations  where, 
because  of  the  storage  facilities,  water  goes  to 
waste  over  the  dam  during  periods  of  light 
load.  To  correct  this  undesirable  condition 
many  companies  grant  an  attractively  low 
rate  for  energy  deln-ered  during  these  periods 
in  order  to  increase  the  load  factor,  which 
is  of  course  both  logical  and  economical. 


In    some    power     plants    during     certain 
d      of    the    day    or    year    when    water 
(energy  >  i:--  tva  o  er  the  dam,  it,  would  be 

li  igical  fi  ir  the  a  modified  in 

such  a  way  as  to  become  itself  a  manufactur- 
ing plant,  utilizing  its  own  surplus  power. 
This  project  would  have  t<>  be  studied  for 
eachp'  ion  where  surplus  power  could 

be  used  in  the  plant  itsell  on  an  intermittenl 
basis.  Most  of  the  work  in  the  factory  part 
of  the  plant  could  be  done  by  the  station 
operators  without  materially  increasing  the 
supervision  or  labor  charges.  This  v 
mean  that  practically  every  dollar  obtained 
for  the  product  sold,  after  depreciation  and 
maintenance  and  interest  on  investment, 
would  be  velvel  For  example,  it  might  be 
possible  to  install  a  number  of  small  units  for 
making  nitric  acid.  The  proceeds  would 
probably  be  small  as  compared  with  the 
return  from  regular  commercial  operation, 
but  would  represent  practically  clear  profit. 

Various  other  commodities  requiring  a  con- 
siderable amount  of  heat  in  their  production 
might  well  be  investigated  with  this  pur- 
pose in  mind;  for  instance,  turpentine. 
Certain  commercial  glues  In  mi  waste  sulphite 
liquor  are  made  by  a  simple  process  of  evapo- 
ration. When  direct  current  is  available  the 
manufacture  of  oxygen  and  hydrogen  from 
water  might  be  considered.  Each  locality,  oj 
course,  has  its  own  peculiar  natural  resources 
which  would  have  to  be  studied,  and  a  process 
decided  upon  for  which  the  raw  materials 
could  be  cheaply  obtained  and  in  which  the 
cost  of  the  finished  product  would  be  prin- 
cipally power  or  heat. 

There  is  another  field  for  the  use  of  power 
which  may  in  time  be  a  factor  in  central 
station  brtsiness,  particularly  in  cities,  which 
we  will  call  "home  manufacture."  We  know 
that  in  the  past,  particularly  in  European 
countries,  practically  all  manufacture  in  some 
industries  was  performed  by  families  and  by 
individuals,  the  materials  being  left  with  them 
and  the  finished  articles  collected.  In  our  own 
country  this  was,  to  a  great  extent,  true  of  the 
clothing  industry. 

Modern  methods  of  intensive  production 
with  automatic  machinery  have  practically 
eliminated  this  system  of  manufacture.  Yet, 
is  it  not   logical  to  assume  that,   by  taking 
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requires   some   atl  rom   an    operator. 
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high  quantity  of  production  expected  from  the 


machine.     At  a  more  moderate  gait  it  seems 
ughly  practical  that  machines  could  be 
made  that  run  for  say   12  hours  without  at- 
t  cost  of  such  machinerymight 
be  more  expensive,  bul  even  so  I  believe  then- 
are  many  people  who  would  be  enthusiastic 
over  the  possibility  of  increasing  their  im 
■  ha  process.    Several  persons  mighl 
bine   their    outpul   of  simple   products,  each 
making  apart,  to  assemble  a  completed  article. 

;lance  through  the  numerous  char 
ten-cent  stores  will  bring  to  mind  many  arti- 
hich  could  be  manufactured  in  this  way. 
business  would   be  considered   h 
central  station  perhaps  in  the  class  with  its 
d  if  required  could  be  limited 
to  night  i  iperation 

While  we  may  not  expect  immediate  results 
the  various  lines  mentioned  above,  yet 
ms  thai  hen  ibilities  whii 

well  worth  considering. 


Possibilities  of  Material  Handling  Machinery  Load 
for  Central  Stations 

By  J.  A.  Jackson 
Power  and  Mining  Engineering  Department,  General  Electric  Company 


fX  these  days  of 
*-  high  labor  costs, 
supreme  effort  i 
ing  made  in  all  lines 
of  business  to  "do  it 
mechanically,"  and  in 
over  90  per  cent  of  the 
cases  this  means  "do 
it  electrically."  Much 
has  been  written  since 
the  war  regarding  the 
cost  of  handling 
materialsin  terminals, 
j.A.jackson  warehouses,  and  fac- 

tories, and  this  pub- 
licity has  undoubtedly  done  a  great  deal 
toward  focussing  the  attention  of  managing 
officials  on  this  problem  and  causing  them 
to  investigate  cheaper  ways  of  moving  their 
material.  Thus  quite  an  impetus  has  been 
given  to  the  sale  of  mechanical  devices  to 
perform  this  work,  but  even  so  the  surface 
has  only  just  been  scratched.  The  campaign 
of  education  and  enlightenment  in  the 
economies  resulting  from  the  intelligent  use 
of  freight  handling  machinery  goes  on  un- 
abated  and   the  sales  curve  of  such  devices 


continues  to  slope  upward.  The  public, 
er,  has  not  yet  been  aroused  to  the 
extent  of  realizing  how  vitally  it  should  be 
interested  in  this  question  and  the  one  thing 
which  will  probably  be  the  greatest  factor 
in  bringing  the  matter  to  their  attention  will 
be  the  proposed  compulsory  segregation  of 
freight  charges  by  the  Interstate  Commerce 
Commission  into  terminal  charges  and  line 
haul  charges  on  steamship  lines  and  railroads. 
Such  a  segregation,  if  adopted,  will  show  up 
the  comparative  costs  of  terminal  handling, 
as  against  line  haul  costs  and  the  publicity 
which  will  undoubtedly  be  given  to  the 
figures  will  create  a  firm  national  demand 
for  more  efficient  methods  of  handling 
materials.  Railroad  and  water  transporta- 
tion lines  realize  this  situation  and  are  already 
taking  such  steps  as  their  finances  will  permit 
to  remedy  the  situation  so  as  to  make  the  best 
possible  showing  if  the  foregoing  segregation 
goes  into  effect. 

This  is  a  situation  in  which  the  central 
station  is,  or  should  be,  deeply  interested 
since  it  opens  up  wonderful  possibilities  for  an 
increased  load.  A  few  figures  and  statistics 
will  give  a  clear  idea  as  to  the  potential  load 
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obtainable  from  railroad  and  steamship  ter- 
minals if  completely  equipped  with  machinery 
and  modern  lighting. 

The  export  tonnage  of  the  United  States  in 

1919  amounted  to  74, ,000   tons,  and   the 

import  tonnage  to  33,000,000  tons,  to  which 
must  be  added  the  coastwise  tonnage  on  which 
exact  figures  are  not  available  but  it  probably 
amounts  to  20,000,000  tons  per  annum.  The 
sum  of  these  three,  127,000,000  tons,  gives 
approximately  the  freight  which  passed 
through  our  marine  terminals  for  that  year. 
Calculations  of  current  consumption  when 
loading  and  unloading  on  various  cycles  and 
by  different  methods  and  equipment  indicate 
that  a  current  consumption  of  200  watt-hours 
per  ton  is  a  fair  average  value  when  using 
cranes  or  winches  equipped  with  modern 
series  or  compound-wound  motors  and  dy- 
namic braking  control.  This  value  has  been 
checked  quite  closely  by  actual  tests.  This 
current  consumption  covers  only  the  transfer 
of  the  freight  between  the  hold  and  the  pier 
at  the  ship's  side.  Assuming  that  only  one- 
half  this  tonnage  is  handled  by  central  station 
power  and  the  other  half  is  hoisted  by  ship's 
winches,  we  find  a  power  consumption  of 
12.7(10,000  kw-hr.  per  year  for  loading  and 
unloading  between  ship  and  pier. 

Since  the  freight  must  be  transferred 
horizontally  between  the  ship's  side  and  some 
point  on  the  pier,  another  opportunity  is 
presented  for  the  use  of  power  driven  machin- 
ery. Tractors  with  trailers  and  industrial 
trucks,  operated  from  storage  batteries,  are 
admirably  adapted  for  this  service  and  are 
coming  into  use  very  rapidly.  Calculations 
indicate  that  one  ton  can  be  hauled  100  feet 
in  these  devices  and  the  empty  vehicle 
returned  to  the  starting  point  (200  ft.  total 
travel)  for  an  expenditure  of  about  50  watt- 
hours  per  ton,  allowing  for  all  losses  from  the 
motor  pinion  to  the  incoming  power  supply 
at  the  battery  charging  room.  Portable  and 
stationary  conveyors,  monorails,  ramps,  indus- 
trial railways,  truck  cranes,  etc.,  all  find  a 
place,  depending  on  conditions,  in  the  hori- 
zontal transference  of  freight,  and  while 
figures  are  not  available  for  the  power 
consumption  per  ton  handled  it  will  probably 
average  somewhere  near  50  watt-hours  per 
ton  as  on  tractors  and  trucks.  Probably  80 
per  cent  of  the  total  tonnage  can  be  more 
economically  transferred  by  power  driven 
equipment  than  by  hand  trucks,  and  on  this 
assumption  the  yearly  power  consumption 
would  be  5,000,000  kw-hr.  for  an  average 
movement  of  100  feet  inside  the  pier  sheds. 


A  certain  percentage  of  the  freight  is  again 
rehandled  between  the  pier  sheds  and  the 
supporting  wan-houses  involving  a  hori- 
zontal transfer  which  will,  no  doubt,  average 
at  leasl  200  feet  (Kin  feet  round  trip)  hori- 
zontal   movement,    and    usually    a    vertical 

i ment    which   will   average   at    least   30 

feet.  The  horizontal  transfer  can  be  handled 
b\  the  same  equipmenl  as  is  used  on  the  pier 
and  at  the  same  power  consumption  per  ton 
The  vertical  movement  in  this  case  would 
be  made  by  freight  elevators  which,  in  a 
modern  warehouse,  would  take  from  four  to 
six  loaded  trailers  on  its  platform  at  once 
taking  them  up  and  returning  with  empties, 
or  vice  versa.  Such  an  elevator  would 
handle  a  ton  over  a  30-foot  lift  for  about 
15(1  watt-hours  power  consumption.  Assum- 
ing that  only  5(1  per  cent  of  the  total  import, 
export,  and  coastwise  tonnage  goes  through 
storage  warehouses,  a  power  consumption  of 
12, 700, 000  kw-hr.  would  have  been  required 
in  1010  for  the  horizontal  and  vertical  move- 
ments between  piers  and  warehouses.  Since 
warehouse  facilities  at  many  of  our  ports  are 
admittedly  inadequate,  there  is  an  enormous 
potential  field  for  the  sale  of  power  to  improve 
the  facilities  of  existing  buildings  and  in  mak- 
ing all  new  ones  approach  perfection  from  the 
standpoint  of  efficiency.  Warehouses  also  offer 
a  large  field  for  the  use  of  electrically  driven 
piling  machines,  portable  conveyors,  barrel 
and  bag  elevators,  refrigerating  plants,  clean- 
ing systems,  repair  and  recoopering  shops, 
etc.,  the  power  consumption  of  which  is  diffi- 
cult to  estimate  but  which  must  run  into  large 
figures  in  a  year's  time. 

The  correct  lighting  of  marine  terminals  for 
efficient  work  offers  enormous  possibilit'es. 
An  investigation  of  58  large  piers  in  one  of  our 
ports  showed  that  only  6.2  per  cent  had  good 
illumination.  Ample  illumination  increases 
the  speed  of  trucking,  facilitates  the  reading 
of  marks,  reduces  theft  and  spoilage,  and  cuts 
down  the  number  of  mis-sent  shipments. 
On  piers  handling  general  freight,  adequate 
lighting  requires  about  *4  watt  per  square  foot 
of  floor  area.  Thus  a  pier  1000  by  150  requires 
37.5  kw.,  and  if  the  lights  are  used  an  average 
of  four  hours  a  night  for  300  days  per  year 
the  yearly  consumption  is  45,000  kw-hr.  per 
year.  Assuming  that  for  all  the  ports  in  the 
United  States  there  is  the  equivalent  of  1000 
such  piers  to  be  lighted,  the  consumption  of 
45,000,000  kw-hr.  per  annum  would  be 
required.  For  warehouses  the  average  illlumi- 
nation  need  not  be  so  high  and  a  figure  of 
.15  to  0.2  watts  per  square  foot  is  advisable. 
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terminals  where,  due  to  local  conditions  and 

irticular  kind  of  freight  handled, 

power    dn\rn    equipment    can    be 
tably  used. 

[tamers  for 
■i  freighl  cars  is  being  very  thoroughly 
railroads,  some  of  them  having 
sample  cars  and  equipment  in  use.     Th 

oubt    in    the   minds  of  those  who  have 

mplete  study  of  the  problem  that 

standardized    containers   must    be    generally 

adopted      er    or    later,    but    much    more 

itional  work  and  many  more  successful 
ions  must  be  made  before  they  are 
generally    used.      Their    adoption    will    also 
ensive  financing,  which  will  take 
This   financing   is   not   alone   for   the 
iners  but   for  the  cranes,  hoists,  mono- 
rails,  trucks,   etc.,   which  will  be  absolutely 
ary  for  handling  them,  practically  all 
of   which   will   be  electrically   driven.      Thus 
they  will  offer  an  opportunity  for  the  sale  of 
hundreds  of  thousands  of  kilowatt-hours  per 
for  which   reason   it   would  be  a  good 
for  the  central  station  men  at  large  to 
lehind    any    propaganda    put 
in    favor    of    standardized    containers. 
:  ing  such  a  position  they  will  not  only 
ir  own  interests  but  will  be 
assist;  "lent  which  will,  unquestion- 

enormous  economies  in  the  co 
i  if  Iran 


The    handling  rial    in    industrial 

manufactun 
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and    an    investigation    made    l, 
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handling     machinery     extensively, 

t  of  the  inn: 
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was  a  held  for  the-  sale  of  over  200,000 
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Table  1  shows  the  probable  increase  in 
annual  power  consumption  if  all  terminals, 
warehouses,  and  industrial  plants  in  the 
United  States  wen-  equipped  with  efficient 
material  handling  machinery.    On  the  I 

orking  hours  per  year,  this  would  call 
for  the  continuous  expenditure  of  208,  Hio  kw. 

TABLE  I 
PROBABLE  INCREASE  IN  POWER  CONSUMP- 
TION BY  THE  ADOPTION  OF  ELECTRICAL 
MATERIAL  HANDLING  MACHINERY  IN 
ALL  INDUSTRIAL  PLANTS,  TERM- 
INALS, ETC.  IN  THE  U.  S. 
Where  Used  Kw-hr.  Per  Year 

Between  ship  and  pier 12,700,000 

Between  ship  side  and  pile 5,000,000 

Between  pier  and  warehouse 12,701 1,1 101 

Miscellaneous  warehouse  machinery   .         10,000,000 
Lighting  of  terminals  and  warehouses.         61 1,1  K  10,1  K  H I 

Railroad  terminals 

Industrial  plants 500,000,000 

Total 625,41 

It  is  believed  that  there  is  no  other  field 
which  offers  such  possibilities  for  de 
ment  as  the  material  handling  field,  but  many 
factors  enter  which  make  it  one  that  will 
require  much  constructive  work.  Some  of 
these  are  the  scarcity  of  reliable  actual  data  to 
show  economics  gained,  variety  of  the  prob- 
lems to  be  met.  unadaptability  of  existing 
structures  and  plant  layouts  to  the  introduc- 
tion of  suitable  material  handling  machinery, 
lack  of  knowledge  of  the  various  types  of 
available  machinery,  little  or  no  demand  from 
the  public  for  improved  methods  due  to  lack 
of  knowledge  regarding  the  possibilities  of 
price  reductions  by  efficient  handling.  These 
problems  are  those  of  the  central  station  power 
solicitor,  and  his  success  depends  largely  on 
his  knowledge  of  how  to  overcome  them  most 
.ely. 
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GENERAL   ELECTRIC 
REVIEW 


AUTOMATIC  SUBSTATIONS 


We  publish  in  this  issue  a  group  of  articles 
on  automatic  substations  and  included  in 
these  are  considerable  data  showing  their 
efficiency.  These  data  are  derived  from  very 
comprehensive  tests,  the  most  complete, 
perhaps,  that  have  ever  been  made  in  con- 
nection with  automatic  substation  equipment 
on  a  large  scale  when  operating  in  actual 
service.  The  results  of  these  tests  are  highly 
satisfactory  and  we  are  glad  to  give  them  to 
our  readers,  some  of  whom  at  least,  must  be 
contemplating  means  and  ways  of  reducing 
operating  costs  to  meet  the  present  severe 
economic  conditions  imposed  on  all  operating 
engineers. 

Mr.  Chas.  H.  Jones  in  his  article,  dealing 
with  the  results  accomplished  on  the  Chicago, 
North  Shore  &  Milwaukee  Railroad,  shows 
that  a  saving  has  been  made  of  $3,804  per 
substation  per  year,  or  a  total  for  the  North 
Shore  Line  of  $41,351  per  year.  This  is  a 
considerable  item. 

Mr.  S.  E.  Johnson  concludes  his  article 
dealing  with  his  experience  with  the  auto- 
matic substations  on  the  Aurora,  Elgin  & 
Chicago  Railroad  with  the  statement,  "Auto- 
matic substations  are  now  an  accomplishment 
and  no  longer  an  experiment.  They  are 
truly  reliable,  more  so  in  fact  than  manually 
controlled  stations,  and  they  will  show  great 
economy  right  from  the  start." 

We  interpret  the  concluding  remarks  .it 
both  of  our  authors  as  recording  another 
victory  for  the  engineer  whose  work  has  been 
so  aptly  defined  as  "doing  for  one  dollar  what 
a  fool  cannot  do  for  two." 

The  functions  of  a  substation  attendant 
were  always  unsatisfactory,  in  fact,  he  might 
be  regarded  in  somewhat  the  same  light  as 
we  regard  a  life  belt.  He  very  seldom  has  any 
useful  function  to  perform,  but  when  he  has 
it  is  urgent  and  when  things  go  wrong  it 
requires  a  man  of  considerable  experience  to 
know  just  how  to  do  the  right  thing  at  the 
right  time.  This  is  no  reflection  on  the 
ability  of  the  substation  attendant,  but  as 
things  work  out  in  practice  there  is  not  enough 
work  of  importance  to  warrant  paying  an 
experienced    man    to    become    a    substation 


attendant,  and  the  type  ol  man  employed  in 
such  work  could  therefore  seldom  be  relied 
"ii  i.i  always  do  the  right  thing  promptlj 
There  was  always  the  fear  thai  he  mighl  do 
the  wrong  thing  in  case  of  an  emergency. 
The  substitution  of  machines  for  men,  wher- 
ever this  is  possible,  must  in  an  increasing 
degree  continue  to  lie  one  of  the  chief  aims  of 
our  engineers,  especially  in  such  cases  where 
the  machine  can  be  developed  to  a  point  where 
there  is  no  fear  of  mistakes  in  an  emergency. 
The  articles  under  consideration  show  in  a 
convincing  way  that  the  automatic  apparatus 
as  at  present  developed  for  substation  opera- 
tion is  both  reliable  and  economical. 

THE  PAULISTA  ELECTRIFICATION 

Mr.  Bearce's  article  in  this  issue  describe 
the  substation  equipment  and  the  material 
for  the  overhead  line  and  transmission  system 
as  well  as  the  electric  locomotives  for  one  of 
the  principal  railways  of  Brazil.  This  elec- 
trification has  been  undertaken  to  meet  the 
changed  economic  conditions  that  so  many 
countries  are  facing  today.  The  use  of  coal 
having  become  so  costly,  wood  was  sub- 
stituted as  a  source  of  fuel,  but,  although 
Brazil  has  ample  wood,  the  labor  involved  in 
cutting  and  carting  is  great  and  no  one  could 
contemplate  the  continued  use  of  such  large 
quantities  of  so  valuable  a  national  resource 
without  concern.  The  initial  electrification 
calls  for  equipment  for  28  miles  of  double 
track,  or  a  total  trackage  on  a  single  track 
basis,  including  sidings,  etc.,  of  7(>  miles. 
This  is  likely  to  be  extended  in  the  near  future. 

Brazil  is  fortunate  in  being  able  to  take 
advantage  of  our  experience  in  this  country 
with  heavy  electric  traction  and  it  is  interest- 
ing to  note  that  3000-volt,  direct-current 
equipment  has  been  adopted  and  that  in 
design,  the  locomotives  closely  follow  those 
that  have  given  such  unqualified  success  on 
the  Chicago,  Milwaukee  &  St.  Paul  Railway. 
The  development  of  Brazil's  hydro-electric 
resources  for  the  electrical  operation  of  her 
railwavs  is  likely  to  stimulate  the  growth  of 
her  other  industries  and  lead  to  a  great  in- 
crease in  her  national  wealth. 
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SCIENTIFIC  RESEARCH  IS  TO  THE  PUBLIC  INTEREST 

Excerpt  from  Presidential  Address  by  A.  W.  Berresford  at  the  Annual  Convention  of 
the  American  Institute  of  Electrical  Engineers,  Salt  Lake  City,  June  21-24,  1921 

found  Much  that  today  seems  of  no  prac- 
tical value  may  simply  be  awaiting  the  key 
discovery  which  will  be  found  by  no  process 
other  than  that  of  this  constant  search  for 
fundamental  truth. 

The  misunderstanding  seems  to  lie  in  the 
so-called  "applied  or  applicational  research," 
usually  directed  toward  a  specific  problem, 
the  solution  of  which  becomes,  under  our 
patent  system,  the  exclusive  property  oi  tin- 
initiator  and  a  consequent  source  of  gain.  Js 
not  this  as  it  should  be?  Without  this  incen- 
tive no  corporation  could  justify  to  its  stock- 
holders the  necessary  expenditure,  and  but 
few  individuals  would  possess  the  necessary 
resources;  for  not  every  problem  is  solved  and 
many  months  are  spent  in  work  that  brings 
no  fruition.  Moreover,  the  period  of  exclusive 
use  is  limited  and  but  short  compared  with 
the  time  during  which  the  solution  may 
ultimately  be  freely  used  by  all.  Again,  the 
public  as  a  whole  usually  reaps  the  benefit 
of  the  solution  during  this  period  of  exclusive 
use  and  is  advantaged  in  such  degree  as  to 
make  the  reward  to  the  owner  small  in  com- 
parison. 

It  becomes  clear,  therefore,  that  all  research 
is  in  the  public  interest,  and  that  from  the 
public  viewpoint  the  sole  difference  in  desir- 
ability between  abstract  and  applied  research 
is  one  of  degree  and  not  of  fact;  that  the 
important  point  is  increased  research  activity 
irrespective  of  where  or  by  what  means  it  is 
carried  on. 

In  feeling  that  industry  must  supply  the 
driving  force,  I  am  not  setting  the  hope  of 
gain  as  a  greater  impulse  than  the  search  for 
truth,  but  means  must  be  supplied,  and  to  in- 
dustry,  the  producer,  we  naturally  turn. 

Fundamental  research,  however,  must  be 
provided  for.  The  search  for  truth  will  sup- 
ply the  incentive,  but  not  the  means.  Uni- 
versities will  do  what  their  poverty  permits, 
hut  it  is  not  sufficient.  Industry  must  increase 
the  possibilities.  An  incentive  must  he 
( it'fered  to  induce  temperamentally  fitted  men 
to  undertake  this  career  and  to  become 
largely  qualified,  else  industry  will  go  begging 
for  the  men  it  will  need  in  increasing  quantity 
for  its  applied  research.  Men  now  exist,  in 
reasonable  number,  whose  devotion  and 
achievement  in  this  field  are  an  inspiration 
and  an  example  for  emulation  among  their 
co-workers  which  is  of  far-reaching  effect. 
Ciiven  even  a  minimum  of  encouragement 
the  future  will  continue  to  evolve  them,  and 
once  in  a  generation  or  so  a  genius. 


The  appreciate  m  ol   the  ultimate  depend- 

ii  ,  .hi  equenl 

vital   importance  of  research  is  of  too  recenl 

birth    to   have   attained    general   realization. 

The   statement    is   accepted   as  a   matter  of 

course,  hut   it    ha  to  he  an  actual. 

living,  daily  reality  in  tin-  minds  and  life  of 

most    <>f   us.      That    it  will   ultimately   be  so 

tain,  and  possibly  in  the  near 

future.      This   being    the   east-,   how  are  we 

ding  for  it"' 

The  larger  corporations  are  maintaining 
rch  laboratories  have  been  forced  to  do 
so  by  the  demands  of  the  industry  —in  which 
the  hulk  of  this  work  has  been  directed  toward 
the  solution  of  specific  problems,  the  results 
of  which  are  generally  conceived  to  he  for  the 
benefit  of  the  corporation  individually,  and 
in  part  may  be  so  initially. 

The  universities  are  carrying  on  research 
work  in  their  laboratories  to  an  extent  deter- 
mined by  their  financial  resources  and  the 
initiative  of  their  personnel;  mostly  of  ab- 
stract nature,  directed  to  the  solution  of  gen- 
eral problems,  chosen  largely,  and  sometimes 
I  think  mistakenly,  for  the  absence  of  applica- 
tional content. 

The  Bureau  of  Standards,  under  govern- 
ment auspices,  and  in  the  interest  of  the  coun- 
try's industry,  is  performing  work  of  both 
kinds. 

There  are  certain  privately  operated  labo- 
ratories whose  services  may  he  employed  by 
the  industry  in  general  for  the  solution  of 
specific  problems. 

To  determine  how  the  work  as  a  whole 
should  he  correlated  to  secure  the  maximum 
progress  requires  an  understanding  of  the  con- 
ditions. 

The  first  conception  which  it  seems  neces- 
sary  to  establish  is  that  all  research  is  in  the 
public  interest— whether  applied  or  abstract, 
and  irrespective  of  whether  its  immediate 
objeel  is  the  specific  advantage  of  the  con- 
cern or  person  undertaking  it,  or  simply  the 
increasing  of  the  sum  of  human  knowledge. 

No  one  will  question  that  abstract  research, 

forming,  as  it  frequently  does,  the  foundation 

ot    important   industrial   advance,   and  given 

1  without  restriction,  is  definitely 

public  interest.     There  may  be  those 

question   the   content    of   what  may   be 

termed    " practical    applications"    and  'who 

would  limit  investigation  to  the  more  prom- 

bilities,  hut   the  past  gives  ample 

future  expectation,  and  no  man 

can   say    in    advance   where    value    may    he 
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Results  of  Automatic  Substation  Operation  on  the 
Chicago,  North  Shore  CS,  Milwaukee  Railroad 

By  Chas.  II   Jones 

Electrical  Engineer,  Chicago,  North  Shore  8    Milwai  kei    Railroad 

The  service  performed  by  the  Chicago,  North  Shore  &  Milwaukee  R.  R.  i    of  a  1hm<.  j  interurban  i 
comparable  to  many  interurban  steam  lines.     The  demand  ■  and  the  un- 

qualified success  of  the  six  automatic  substations  is  significant.     Tin    thorough  going  met]  i   ed  by 

Mr.  Jones  in  the  inspection  and  maintenance  of  these  sub  tation    are  most   instructive.     The  article  (which 
was  delivered  as  a  paper  by  the  author  last  March  before  a  Joint  Convention  of  the  Illinoi    G  i 

and   Electric  Railways  Associations)  outlines  the  system  of  inspection   and   includi     general     tati  tii     as  to 
the  amount  of  traffic  and  power  consumption  as  well  as  data  on  the  i  iperal  ion  of  the  automatic  equipmi 
Editor. 


In  order  that  a  better  knowledge  may  be 
obtained  of  the  conditions  under  which  auto- 
matic substations  have  been  given  a  general 
try-out  on  the  Chicago,  North  Shore  &  Mil- 
waukee R.  R.,  it  is  desirable  first  to  review 
briefly  the  general  history  of  the  line. 

The  road  is  a  high-speed  interurban  line 
between  Chicago  and  Milwaukee,  following 
the  route  shown  in  Fig.  1.  Its  Chicago 
entrance  is  over  the  elevated  lines  and  its 
Milwaukee  entrance  over  the  city  streets. 
The  territory  in  between  is  well  built  up  with 
a  series  of  towns  of  a  general  resident  and 
business  character.  As  the  southern  end  ol 
the  line  is  in  almost  exclusive  residential 
territory  and  as  the  line  is  built  through 
practically  the  center  of  these  suburban 
towns,  the  speed  of  operation  is  restricted 
and  requires  frequent  stops  and  slow-downs. 
The  northern  end  of  the  line  is  built  on  the 
outskirts  of  the  combination  business  and 
resident  towns  of  Waukegan,  Kenosha,  and 
Racine.  In  between  these  points  the  line  runs 
through  open  country  in  practically  a  straight 
line  which  makes  operation  possible  at  speeds 
of  65  to  70  miles  per  hour. 

The  steam  road  competition  between  the 
terminals  is  very  keen  so  that  nothing  but  the 
best  of  service  in  time,  comfort,  and  safety  is 
necessary  to  get  a  fair  share  of  the  possible 
business.  In  line  with  this  service,  dining 
cars  are  operated  morning,  noon,  and  night. 
To  meet  competition  it  was  necessary  to 
purchase  the  most  modern  type  of  car  equip- 
ment. This  now  consists  of  30  all-steel  motor 
cars  weighing  approximately  47  tons  each 
and  equipped  with  four  140-h.p.  motors. 
A  three-car  limited  train  of  these  cars  is 
shown  in  Fig.  2.  In  addition  there  are  1")  all- 
steel- trailer  cars  weighing  approximately  in 
tons  each.  There  are  also  a  large  number  of 
wooden  interurban  motor  and  trailer  cars 
used  for  local  and  express  business. 

In  order  to  make  the  best  use  of  a  heavy 
investment  in  right-of-way,  track,  overhead, 


and  power  equipment  and  to  furnish  a  fast 
freight   service   to  the  thriving  communities 
along  the  line,  it  was  decided  to  institute  a 
merchandise  despatch  line  for  which  pui 
12  new  wooden  cars  of  a  very  pleasing  ap 
ance  were  purchased.     Some   of   these 
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Fig.  2     Three  car  Limited  Train  on  the  North  Shore  Road  Fig.  3.      Some  of  the  Merchandise  Despatch  Cars  of  the  North 

Shore  Road 


WETETCI 


"S  C  H  EB ULl'Er;'""*- 


Fig.  4a.      Graphic  Weekday  Schedule  of  Limited.   Express,   and  Local  Trains  Between  Chicago  and  Milwauke 
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Fig.  4b.     Graphic  Sunday  Schedule,  Showing  Volume  of  Service  Furnished 
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Fig.   5.      Diagram  of  the   High-tension   Distribution  and  Substation   Connects 


are  illustrated  in  Fig.  3.  These,  together  with 
a  number  of  other  cars,  arc  used  in  giving  an 
overnight  merchandise  despatch  service  be- 
tween Chicago  and  Milwaukee. 

With  the  present  rolling  stock,  track,  and 
power  conditions,  a  schedule  of  two  hours 
and  thirty-five  minutes  is  maintained  on 
limited  service  between  terminals  and  two 
non-stop  trains  in  each  direction  daily  make 
the  run  in  two  hours  and  fifteen  minutes.  In 
addition  to  this  service  an  express  and  local 
service  is  furnished  to  various  points  on  the 
line.  The  best  method  of  describing  the 
volume  of  service  furnished  is  by  the  graphic 
schedule  given  in  Figs.  4a  and  lb. 

As  an  indication  of  what  results  have  been 
obtained  on  account  of  the  service  furnished, 
Table  I  shows  the  growth  of  travel  and 
service  from  1915.  During  the  period  of  the 
war,  travel  was  very  heavy  between  Chicago 
and  the  Naval  Training  Station  at  Lake  Bluff, 
which  travel  diminished  as  the  size  of  the  force 
at  the  station  was  reduced  after  the  war,  but 
the  general  growth  of  travel  along  the  line, 
and  especially  between  the  two  terminals. 
was  more  than  ample  to  offset  the  drop  off  at 
the  Naval  Station. 

In  order  to  handle  this  large  increase  in 
business  it  was  necessary  to  make  extensive 
additions  to  the  power  system  as  it  was  in  1916. 


At  thai  time  the  system  was  adequate  to 
handle  single-car  operation,  but  with  the 
heavy  train  operation  required,  the  power 
system  was  inadequate.  In  order  to  maintain 
a  high  schedule  speed,  it  was  necessary  to 
have  a  very  high  gear  ratio  which  on  the  t(  <  1 
equipment  purchased  in  L916  was  two-to-one. 
At  that  time  there  was  on  the  system  9,500 
kw.  in  synchronous  converter  and  :i, III  ill  kw.  in 
step-up  transformer  capacity  and  now  there 
is    1  1,500  kw.   in  synchronous  converter  and 

1,500  kw.  in  step-up  transformer  capacity. 
This  amounts  to  an  increase  of  .">2.li  per  cent 
in  converter  capacity  and  .">il  per  cent  increase 
in  transformer  capacity,  with  which  equip- 
ment it  is  possible  to  handle  approximately  a 

1(11)  per  cent  increase  in  the  alternating-cur- 
rent kilowatt-hours  purchased.  This  is  due 
to  the  fact  that  the  additional  equipment  was 
interspaced  between  the  original  substations, 
thereby  reducing  the  amount  of  line  loss  and 
making  available  additional  power  for  effective 
traction  purposes.  As  shown  in  Table  I 
the  energy  consumption  per  car-mile  was 
reduced  from  5.78  to  4.31.  This  reduction  is 
due  to  a  general  improvement  in  operating 
efficiency,  one  of  the  factors  of  which  is  the 
interspaced  substations,  but  the  exact  amount 
for  which  they  are  responsible  cannot  be 
determined. 


Fig.  6.     Diagram  of  the  Feeder  Capacity  of  the  600-volt  Direct-current  Distribution  Syste 
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Before  this  method  of  power  development 
was  entered  into,  consideration  was  given  to 
raising  the  line  voltage  on  part  of  the  system 
to  1200  volts,  but  this  proposition  was 
abandoned  on  account  of  the  excessive  cosl 
of  changing  the  car  control  equipment  and  i  ild 
motor  equipment.  Consideration  was  also 
given  to  additional  feeder  copper  but  this  was 
also  abandoned  on  account  of  the  heavy  cost. 
It  would  cost  approximately  $650,000  to 
accomplish  the  same  voltage  betterment 
as  was  accomplished  with  interspaced  sub- 
stations, and  fundamentally  this  is  the  wrong 
method  of  correction  to  apply  in  a  power  dis- 
t  ribution  system.  In  order  that  a  clear  under- 
standing of  the  connection  scheme  and  sub- 
station switching  combination  may  be  had,  a 
map  of  the  high-tension  system  and  sub- 
stations is  shown  in  Fig.  .">.  A  feeder  capacity 
diagram  is  shown  in  Fig.  (3,  but  no  changes 
have  been  made  in  this  since  before  1916. 

Power  is  purchased  from  two  sources  which 
at  times  makes  it  necessary  to  do  considerable 
high-tension  switching  from  one  power  source 
to  the  other  so  that  the  automatic  stations 
have  had  rather  severe  operating  conditions. 

Before  going  ahead  with  the  installation  of 
automatic  substations  a  careful  study  was 
made  of  other  installations  at  that  time  and 
thus  the  best  design  of  building  and  layout 
was  obtained.  Although  the  station  erection 
has  extended  over  almost  four  years  and  other 
installations  have  been  carefully  investigated, 
it  has  not  been  seen  advisable  to  change  the 
design  of  the  building  or  layout  on  account 
of  these  investigations  or  on  account  of  defects 
showing  up  in  our  own  experience. 

The  buildings  are  of  simple  design  and  are 
made  of  brick,  steel,  and  concrete  with 
ventilation  supplied  by  louvers  at  the  floor 
line  and  Burt  ventilators  in  the  roof,  the 
general  dimensions  being  38  ft.  long,  32  ft. 
wide,  and  '22  ft.  maximum  inside  height 
The  general  construction  and  interior  arrange- 
ment are  shown  in  Figs.  7,  S,  9  and  1(1.  A  more 
detailed  description  has  been  published  in  the 
Electric  Railway  Journal  of  January  11,  1919. 

The  layout  of  apparatus  within  the  build- 
ing is  such  as  to  provide  the  maximum  con- 
venience and  safety  for  work  on  and  around 
the  equipment.  All  high-tension  connections 
are  raised  ten  feet  above  the  floor  so  that  it  is 
impossible  to  come  in  accidental  contact  with 
them.  Ample  room  is  provided  in  back  of  the 
switchboard  so  as  to  mount  contactors  with 
plenty  of  head-room  underneath.  All  control 
wiring  is  run  in  conduit  laid  in  the  cement 
floor  and  terminates  in  a  pit  at  the  switch- 


board. All  wiring  is  broughl  to  a  terminal 
board  on  the  bottom  of  the  svi  itchboard  and 
from  there  to  various  instruments  ami  relays. 
Resistances  arc  mounted  on  the  top  ecu, ,11  of 
the  panels  so  as  to  provide  ample  access  to 
the  switchboard  wiring. 

On  ace, ,1ml  of  the  rapid  growth  of  the 
power  system  it  was  not  possible  to  delay  the 
erection  of  stations  till  the  automatic  equip- 
ment  was  delivered  so  that   practically  all  of 


Fig.  11.      Instrument  That  May  be  Employed  to  Automatically 
Record  the  Operation  of  the  Various  Devices  of  an 
Automatic  Substation  Equipment 

the  installations  were  made  in  a  temporary 
manner  as  hand  stations  and  were  operated  as 
such  through  summer  periods  and  the  instal- 
lation of  automatic  equipment  was  done 
during  this  period.  The  first  stations  installed 
were  those  at  Beach  and  Kenosha,  followed 
by  those  at  Four  Mile,  Lake  Bluff,  Liberty- 
ville  and  Ravinia,  the  last  is  just  being  put 
in  service.  All  of  these  stations  are  25-cycle 
equipments  except  Ravinia,  which  is  60- 
cycle.  All  the  2f>-cycle  stations  are  laid  out 
for  33,000-volt  sendee,  but  some  are  tem- 
porarily operating  13,200  volts.  The  (id-cycle 
station  is  operating  at  20, (Kill  volts  with  pro- 
visions for  33,000-volt  operation  at  some 
future  data. 

From  the  start  it  was  apparent  that  it  was 
very  desirable  to  know  what  occurred  in  the 
automatic  substations,  between  inspection 
periods;  accordingly,  a  number  of  mechanical 
counters  were  attached  to  various  pieces  of 
the  apparatus  in  such  a  manner  as  to  record 
the  number  of  operations.  This  gave  a  very 
close  check  on  how  the  station  was  acting  and 
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up  to  a  ver 

method  was  available  llu-  nianu- 

ording 
I  1.  which  gives  a  very  com- 
plete  - 

an  ammeter  element  and  nineteen  recording 
ed  by  various  pieces  of  the  equip- 

various  coui 

aily   inspection   and   enters   them   on  a 

I    which    is   sent    i  ce   and 

tabulal  monthly    sheet,    as    shown 

m  Table  II.     In  this  way  the  various  opera- 

cai     be   followed    from 

time  to  time.     It  is  from  this  record  that  the 

■  ■   obtained.     In  addition 

to   this   record,   a   log   hook   is  kept    in   each 

:i    in    which    the  adings   are 

entered  daily,  together  with  a  report  on  all 

failures   or   unusual    occurrences.      A    Bristol 


design.    The  average  operat- 
ed on  the  Beach  and  Kenosha  stations  is 
lerably  higher  than  is  possible  to  obtain 
in  hand-operated  stations  and  is  due  to  the 
load-limiting    resistance    keeping    down    the 
entary  peaks,  thereby  making  it  possible 
to  carry  a  considerably  heavier  load  on 

and-operated  stations.  While 
this  is  a  feature  which  can  be  applied  to 
manual  as  well  as  automatic  stations  it  is 
nevertheless  a  regular  feature  of  automatic 
equipment  and  this  type  of  station  should  be 
given  credit  for  it. 

ong  operators  of  this  type  of  equip- 
ment, there  has  been  considerable  controversy 
the  frequency  of  inspection  required  and 
on  various  properties  this  has  been  from  daily 
tn  weekly.  The  amount  required  undoubt- 
edly depend-  upon  the  load  on  the  equip- 
ment,    the    reliability     expected,     and     the 


i 


Fig.    12.      Typical   Section  of  Recording   Ammeter   Chart,   Kenosha  Automatic  Substation 


'in-  voltmeter  chart  is  used  for  indicat- 
ing when  the  station  is  on  and  off  the  line, 
and  from  tins  the  time  of  operation  is  ealculat- 
day. 
Fn mi  Table  II I  it  is  quite  apparent  that  the 

as  have  been  given  a  very  severe  tryout 
and  if  any  serious  defects  existed  they  would 
have  shown  up  by  this  time.  At  the  Kenosha 
station,  which  has  made  over  33,000  opera- 
tions since  its  installation,  there  has  been  no 
appreciable  wear  or  excessive  maintenance 
on  any  of  the  apparatus.  In  fact,  the  main 
contacts  on  which  most  of  the  wear  occurs 
have  never  been  removed  and  from  our 
experience  to  date  it  is  impossible  to  deter- 
mine what  the  life  will  be  or  what  the  main- 
tenance will  amount  to.    As  far  as  the  number 

rations  are  concerned,  Kenosha  station 
has  had  the  equivalent  of  -2.7  years  of  service 
as  a  hand-operated  station,  assuming  four 
operat  lay  in  a  hand  station.     This 

pondingly  heavy  service  on 
the  balance  of  the  equipment  and  the  result 
speaks  very  well  for  tin-  substantiates 


seriousness  of  an  occasional  failure.  From  an 
inspection  of  our  operating  records  we  believe 
that  with  as  complicated  a  piece  of  apparatus 
as  this,  which  performs  as  large  a  number  ot 
operations,  and  where  absolute  reliability  is 
required,  a  reasonable  close  inspection  is 
needed,  so  that  we  are  of  the  opinion  that 
daily  inspection  is  about  what  is  needed,  when 
coupled  wnth  recorders  which  give  an  indica- 
tion of  what  goes  on  between  inspection 
periods.  A  typical  section  of  a  recording 
ammeter  chart  is  shown  in  Fig.  12,  which 
indicates  the  character  of  the  load  on  a  500- 
ition. 
As  the  automatic  substation  design  is  only 
in  its  infancy,  it  was  to  be  expected  that  some 
failure  would  result  and  that  the  design  of 
certain  pieces  of  apparatus  would  have  to  be 
changed.  This  was  the  case,  but  from  Table 
IV  it  is  quite  evident  that  the  failures  have 
been  comparatively  few  in  number  and  are  of 
a  minor  nature.  Since  the  causes  have  been 
'  he  failures  have 
ntirely.     A  summary  of  this 
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TABLE  I 

GENERAL  STATISTICS 


CAR  MILES 

tATBD 

A  i  .  Kw-hr. 

1    .r-milc 

Passenger 

Freight 

Carried 

Interurban 

on  Interurban 
System 

1915 

2, 150,988 

272,088 

6,762,518 

I-.  MWI   M,     , 

5.78 

1916 

2,830,31"; 

348,320 

i ,  159,689 

17,892,122 

5  83 

1917 

4,034,352 

113,762 

in,:;,  |/ji:; 

23,207,845 

5  i., 

1918 

5,355,632 

.">l,,7  44 

11,875,249 

28,481,021 

5.05 

1919 

6,128,231 

137,264 

12,425,634 

28,309,649 

l  6' 

1920 

7,074,419 

887,399 

18,238 

29,31  1,722 

4.31 

TABLE  II 
BEACH   AUTOMATIC   SUBSTATION,   JANUARY,    1921 
Number  of  Operations   of  Apparatus  Between   Inspections 


Time 

Since 

Las!  Iii- 

..|,r      In,! 

Hours 

Station 

Run 

Since 
Last  In- 

A-c. 

Kw-hr. 

D-c. 

Kw-hr. 

(  lon- 
troller 

Oil 
Switch 

1  ON  i  1 

(.,,,1 
Ther- 
mostat 

\\  1    1.'  M.I 

I'ER    HR. 

Day     Date 

IS 

20 

19 

21 

D-c. 

Kw-hr. 

Station 

spection 

Sat.      1 

25-00 

18-30 

6625 

5570 

21 

21 

21 

50 

0 

17 

0 

0 

310.1 

II  SI 

2 

24-00 

is   1.- 

6670 

5610 

14 

14 

1  1 

S3 

(i 

3" 

1) 

0 



ii   /-  1 

3 

■'3  mi 

17-30 

6835 

.-,750 

21 

21 

21 

82 

2 

lil 

0 

32S.2 

O.g 

4 

24-00 

17-15 

6045 

5070 

21 

2! 

21 

65 

0 

33 

II 

II 

294. 

0     i 

5 

24-00 



5575 

1670 

IS 

IS 

IS 

53 

0 

39 

ii 

0 

274.1 

0.75 

6 

24-00 

16-45 

5470 

157(1 

16 

16 

16 

44 

0 

1  1 

(I 

0 

273. 

i. 

7 

24-00 

17-15 

5510 

4610 

16 

16 

Hi 

19 

0 

15 

0 

0 

267.5 

17 

8 

3  1    Mil 

18-15 

5785 

4830 

17 

17 

17 

36 

II 

11 

1 

1 

264  7 

0.708 

Sun.    9 

25-00 

18-00 

6280 

5260 

21 

21 

21 

51 

1 

25 

(1 

0 

292.2 

II  si 

10 

22  nil 

16-15 

5750 

is.  ;n 

18 

IS 

IS 

37 

(1 

11 

n 

0 

297.2 

0.818 

11 

25-00 

16-30 

5875 

4920 

22 

22 

22 

69 

II 

7 

0 

0 

29S.1 

1 1  88 

12 

24-00 

16-30 

5525 

4620 

22 

22 

22 

41 

0 

41 

II 

0 

280. 



13 

24-00 

19-00 

6540 

5460 

IS 

IS 

13* 

78 

1 

72 

1 

1 

285.8 

H  . 

14 

24-00 

18-00 

5840 

4890 

15 

22  t 

20 

62 

5 

3,1) 

0 

0 

27  1  >< 

0.625 

15 

24-00 

17-00 

5875 

1930 

IS 

221 

IS 

50 

II 

59 

1 

290. 

0.75 

25-00 

20-15 

74 1 5 

6240 

10 

23  t 

111 

54 

II 

2(1 

I) 

0 

31  IS  1 

(l.K) 

•  17 
18 

22-00 

18-30 

7140 

6010 

3 

6t 

3 

56 

0 

13 

II 

0 

3,25   1 

(1. 136 

25  on 

18-30 

6530 

5470 

13 

25  t 

13 

57 

13 

46 

2 

0 

295.9 

0.52 

19 

24-00 

19-20 

6281) 

5270 

9 

24  t 

9 

P 

0 

15 

0 

0 

273  2 

0.3.75 

20 

26-30 

21-00 

7445 

6250 

12 

21 H 

12 

53 

II 

77 

3 

0 

297.8 

11.453 

21 

24-00 

16-45 

5680 

4790 

24 

31  t 

24 

13 

42 

1 

22 

21-30 

14-10 

4355 

3660 

Id 

19 

19 

43 

0 

5(1 

1 

24  on 

15-00 

5545 

4620 

27 

27 

27 

62 

II 

1  1 

7 

0 

308. 

1  125 

24 

23-00 

17-00 

6835 

5830 

7 

39 

1] 

(IS 

0 

0 

343.1 

:i     (04 

29-25 

21-00 

7140 

6240 

17 

17 

17 

11 

37 

26 

18-35 

13    in 

IIISII 

3400 

14 

14 

14 

33 

0 

7 

0 

0 

27 

25-00 

18-45 

6360 

5360 

14 

14 

1  1 

.Ml 

0 

31 

(I 

17-45 

5460 

4580 

16 

16 

16 

30 

I) 

12 

0 

29 

24-00 

17-15 

5180 

l  120 

19 

19 

19 

42 

0 

13 

0 

17-30 

5830 

491)0 

22 

22 

22 

32 

0 

0 

0 

31 

22-00 

16-30 

5375 

4510 

20 

21) 

20 

24 

0 

12 

0 

Total 

743-00 

544-55 

1 S  7  1  7 1 1 1 

1. ' 

524 

593 

524 

1568 

27 

993 

22 

5 

8915.2 

21.919 

Average 
per  Day 

23-58 

17-36 

6037.7 

5065.8 

16,9 

19.1 

16.9 

50.6 

,S7 

32.03 

.71 

.16 

.707 

*No.  18  contactor  counters  out  of  orclc 
fOil  switch  counters  out  of  order. 


AUTOMATIC    SUBSTATION   OPERATING   STATISTICS 


Station 

Size  Unit 
Kw. 

Date 

Started 

Total  D-c. 

(  lill  [Hit    to 
Jan..  1921 

Total  Hi-. 
Operated 

Total 
Number  of 
i  Ipera!  ii  ins 

Operations 
of  1st  Res. 
Contactor 

Average 

Output  per 
Operating 

Hour  in 
Kilowatts 

Station 

Operations 

per  Day 

A  ■  .  i  .ii'. 

Operations 
of  1st  Res. 
Contactor 

pt-l     1  >.iv 

Four  Mile  .  .  . 
Kenosha  .... 

Beach 

Lake  Bluff..  . 
Libertyville 

.-,0(1 
500 

.-,11(1 
1 

300 

Nov.     2,  Ms 
April  15,  '18 
Dec.     5,  '17 

Pel,.    26,  '111 
Dec.     6,  '111 

1,948,600 
3,310.420 
4,926,745 

3,782,1(30 
471,400 

9712.8 

iioo;,. II 
16854.0 

1172178 
(1737.0 

24,709 
33,1  11 
21,562 
7,196 
13,980 

9,298 
29,159 
56,387 

8,520 

33,3133 

200.6 

3(11.11 
2112. 0 

323.(1 
70.11 

.".1  2.". 

3.3.4 

19.4 

10.65 

35.7 

11.62 
29.4 
50.2 
12.6 

85.1 

iOS       Ii: 
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TABLE   IV 
RECORD  OF   FAILURES 


Name  of  Apparatus 

Bin  IT 

:  ;e  of  Failure 

- 

3 

Time  1                          Relay 

Contact 

I                  1 

3 

Time  1                        Relay 

2                  1 

3 

Relay 

Toggle  t 

'              Ri 

ment 

1 

Install!  aneou    I 

<  (pen  <  ireuit 

;:idcd 

2 

Instantaneous  1  ontrol  B 

Chatti 

2 

1 

I 

2 

1 

y.  Voltmeter 

Sin.  k 

•    :      Motl  >T 

Burnt  out 

I 

1                   1 

Controller  Motoi 

■   dirty 

1 

1                  1 

34 

(  ontroller  Mi  >t"t 

3 

.'(IB 

reversed 

34 

(  on1  ro 

Brake  stuck 

3 

2                  1                  1 

:« 

Resistam  e  Thermostat 

1 

33 

rmostat 

iirnt  oft 

1 

Oil  Switch 

Moti  ii  burnt  out 

2 

t)il  Switi  i. 

i  ruide  block  broke 

7-B 

Interlock  on  H 

i. 

7-B 

Hand  Reset  Open 

1            n   latch 

1 

;                l 

30 

Fuld  Relay 

Screw  1 

1 

I 

30 

■     ;   Relay 

w  >uld  not  close 

I 

30 

Field  Relay 

1 

1                   2 

36 

Polarized  Rclav 

Pool  contact 

4 

:t7 

Underload  Relav 

i  .mi  .n  t  s  burnt 

37 

Underload  Relay 

Stui  k  open 

1                    1                    1 

27 

A-c.  No- 

Pool  ci  .nt  ad 

1                             | 

29 

Reverse-current  Relav 

Burnt   init  .  light 

35 

Brush  Liftins  Device 

lUgh  or  too  far 

■1 

Mi  iter  Relay 

mtacl 

1 

32 

A-c.  Low-voltage  Relay 

Resistance  burnt  out 

32 

Ail...'           i     .        ■' 

Broken  lead 

2 

I 

os 

Load-Limiting  Relay 
Load-limiting  Relay 
Controller  Motor  Contactor 

Stuck 
Bad  conl 

1 

6 

Grounded 

1 

1  1 

Field  Contactor 

Burnt  contact 

46 

13 

37                  9 

Total 

TABLE  V 

SUMMARY   OF   48-HOUR   RUNS 


inverter 

Total  running  time 

Running  time,  per  cent  <>f  total  run 

N  umber  of  starts 

length  of  running  period 

Total  inpul  to  station 

Total  out  put   from  st  tit  ion 

!  tation   

Average  load,  per  cent  of  mach.  rating.  .  . 

Time  1st  resistor  was  in  circuit 

Timi    2nd  ri    istor  was  in  circuit 

Per  cent  converter  output  lost  in  r< 


500 

1271 

44 

69 

IS 

7536. 

6130 

SI. 

59. 

132 

2:; 

2. 


kw. 

min. 

5  min. 
7  kw-hr. 
kw-hr. 

.">  per  cent. 
7  per  cent 

min. 

min. 
2  per  cent 


1000 
2:;  in 
mi  3 
I 

9.6 
16080 
1 42  IS 
88.5 
:\7.:\ 
L9.3 
.(14 
.48 


kw. 
min. 
pei  .  i  nt 

hrs. 
kw.-hr. 

kw-hr. 

per  cent 
min. 
min. 
per  cent 


Libertyville 


300   kw. 
2219   mm. 
77.(1  per  cent 
26 
1.4  hrs. 
tins  5  kw-hr. 
3200   kw-hr. 
.  s   per  cent 
29   per  cent 


per  cent 


Percentage   Distribution   of  Input   to   Station 


Total  output   to  trolley 

Total  consumi  

Total  consume 1 1  bj trol  open 

Total  eon  umi  'I  bj   a  i     i  on1 1  "I  shu!  di  iw  n    . 

Total  consumed  bj  .  tarting    

Total  i  i  hi  umed  by  a-c.  co  ig 

PR  and  core  lo    ei   of  control  transi  n  mi  i 

Total  consumed  by  No.  32  rela\    

Ti  ital  consumed  by  d-i    control  

ed    b;    convertei    in     l  arting   and 



Total  losses  in  i  tea  and  power  transformer 


81.5 
1.86 
0.16 

ii  in  1 
0.016 
0.003 
ill  1 
0.01 
(i  38 

l.ill 
1  1.88 


88.5 
0.43 
0.11 

0. i 

0.0006 

09 

n  117 
II  111' 
0.36 

0.112 
10.48 


0.78 

0.16 

0.27 

0.027 

0.01  1 

0.002 

0.30 

0.05 

n  85 

0.34 
19.99 


AUTOMATIC  SUBSTATION  OPERATION  ON  C,  N.  S.  &   M.  R.  R 


609 


record  is  presented  in  Table  VI  and  shows  that 
the  failures  per  1000  operations  of  the  various 
stations   have   been   remarkably    few.      The 

TABLE   VI 
SUMMARY   OF   FAILURES 


Total  Total 

Number   of  Number  o 
Operations     Failures 


Four  Mile 24,7(1!) 

Kenosha 23,141 

Beach 21,582 

Lake  Bluff 7,196 

Libertyville L3.989 


L3 
37 
10 
46 
13 


Failures 
Per  1000 
Operations 


0.526 
1.113 
ii  1638 
6.392 
0.929 


high  average  per  1(1(10  operations  at  Lake 
Bluff  is  due  to  defects  which  developed  in  the 
brush  lifting  device,  which  has  since  been  cor- 
rected and  failures  from  this  cause  eliminated. 


From  Talilc  \'I[  it  is  apparent  thai  of  the 
I  Mi  failures  the  causes  fur  7 1 
eliminated  by  redesigning  pieces  of  apparatus. 
The  remaining  causes  fur  failure  are  of 
the  usual  class  found  in  all  complicated 
apparatus  ami  th<  x  failures  can  lie  kept  al 
a  minimum  only  by  careful  inspection  and 
maintenance. 

The  final  ti  I  ol  whether  the  automatic 
substation  is  to  remain  depends  upon  its 
ability  to  make  a  reduction  in  operating 
expenses.  On  the  North  Shore  Line  this  has 
amounted  to  approximately  $41,351  after 
charging  against  the  station  all  legitimate 
charges,  such  as  inspection,  interest  and 
depreciation  on  equipment,  and  taking  credil 
for  the  elimination  of  station  operating  la  Inl- 
and idle  running  losses.  This  saving  ha 
made  on    10.87  station   years  of  service,   ci- 


table VII 
ANALYSIS  OF  FAILURES 


App. 

No. 

Name  of  Apparatus 

No.  of 
Failures 

Cause  of  Failure 

Permanent  Elimination  of  Failure 
Made  by 

3 

Time  delay  cutout  relay 

8 

Contacts  burnt 

Redesigned  relay  head  and  substi- 
tuted  new  contact  metal 

3 

Time  delay  cutout  relay 

3 

Coil  burnt  out 

3 

Time  delay  cutout  relay 

3 

Toggle  failed  to  lock- 

Redesigned relay  head 

3 

Time  delay  cutout  relay 

o 

out  of  adjustment 

2 

Instantaneous  control  relay 
Instantaneous  control  relay 

1 
1 

Open  circuit 
Resistance  grounded 

Instantaneous  control  relay 

1 

Chattering 

New  type  of  relay  substituted 

Instantaneous  control  relay 

3 

Plunger  stuck 

New  type  of  relay  substituted 

1 

Contact  making  voltmeter 

1 

Plunger  stuck 

34 

Controller 

3 
2 

Motor  commutator  dirty 
Motor  burnt  out 

Daily  cleaning  eliminates  trouble 

Controller 

3 

Poor  contact  on  contact  seg- 
ment 

Controller 

3 

Exciter  reversed 

Controller 

1 

Brake  stuck 

33 

Resistance  thermostat 

7 
1 

Contact  jumps  out  of  pivot 
Contact  burnt  off 

Thermostat  design  changed 

7 

Oil  switch 

3 

Motor  burnt  off 

Operating  mechanism  redesigned 

5 

Guide  block  in  switch  broke 

Design     of    block    and    fastening 
changed 

7B 

Trip  switch  latch 

6 

Defective  latch 

Readjusted 

Trip  switch  interlock 

4 

Loose  contact 

30 

Field  relay 

5 

Contact  screw  loose. 

Field  relay 

4 

Would  not  close  in  low  voltage 

Coil  winding  changed 

Field  relav 

1 

Winding  grounded 

36 

Polarized  relay 

3 

Poor  contact 

Contacts  changed 

37 

Underload  relay 

4 

Contacts  burnt 

Contacts  changed 

Underload  relay 

4 

Stuck  open 

27 

A-c.  No-voltage  relay 

3 

Loose  contact 

Relay  redesigned 

29 

Reversc-current  relay 

1 

Burnt  out  by  light  p 

35 

Brush  lifting  device 

24 

Coasting  too  much  or  not 

Mechanism  redesigned 

4 

Master  relay 

2 

Poor  contact 

32 

A-c.  low- volt  age  rela) 
A-c.  low-voltage  relay 

1 

1 

Resistance  burnt  out 
Broken  lead 

25 

Load  limiting  relay 

1 

Stuck 

Load  limiting  relay 

2 

Bad  contacts 

6 

Controller  motor  contactor 

1 

Coil  grounded 

14 

Field  contactor 

1 

Contacts  burnt 

Total 

110 
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ar,   or  expressed  on  a 

a  reduction  of  0.2863  cenl  per  direct-current 
kilowatt-hour. 

\\\.  ha   i  leted  a  very  i  ompre- 

i    tests    on    three    of    these 
junction    with    the    General 
the  purpose  of  deter- 
in  the 
ion.    During 
.  interesting  facts  were 
!  which  have  done  considerable  toward 
increasing  our  confidence  in  the  equipment 
te  savings  which  are  possible  due   to 
their  operation. 
Table  V  is  a   summary  of  a  48-hour  em- 
run  made  on  each  of  the  stations  under 
-id  shows  the  efficiency  of  the  stations 
and  the  distribution  of  losses  in  the  various 
parts  (if  iii'  <  quipment. 

'I'he  automatic  substation  has  been  one  of 
the  greatest   developments  which  has  taken 


m    the    railway    power    field    in    recent 
lias   to  a   large  extent 

radical  changes  in  power  distribution 
.■.Inch  is  going  to  result  in  higher 
efficiency  and  better  operating  conditions 
on  properties  where  it  may  be  employed.  Its 
field  "i  application  is  practically  unlimited, 
l>ni  the  details  of  application  and  modi- 
fication which  may  lie  required  to  suit 
certain  localties  are  problems  which  must  be 
studied  and  worked  out  for  each  location. 
<)n  first  consideration  the  automatic  sub- 
station   appears   to   be   a    very    compli 

"f  apparatus,  but  when  we  consider 
that  it  performs  practically  the  same  functions 
as  the  multiple-unit  car  control  has  done  for 
years  under  a  great  deal  more  severe  con- 
ditions than  exist  in  a  substation,  there  is  no 
reason  why  it  should  not  be  very  satisfactory. 
i  'in  own  experience  has  borne  out  the-'  fai  ! 
and  we  are  very  well  satisfied  with  the  results 
obtained. 


A  Brief  Review  of  Automatic  Substation  Experience 
on  the  Aurora,  Elgin  £&>  Chicago  R.  R. 

By  S.  E.  Johnson 

Engineer  Overhead  Construction,  Aurora,  Elgin  &  Chicago  Railroad 

Tin   ex]  tic  Aurora,  Elgin  &  Chicago  R.  R.  with  a  single  automatic  substation  are  descriptive 

of  a  que      Ml   n  n1   service  from  that  required  of  the  North  Shore  Lines.       Inspection  periods  are  seven  days 

apart  and  the  control  equipment  is  adjusted  to  furnish  the  maximum  possible  amount  of  power  throughout 

tlic  24  hours.     The  object  of  this  method  of  operation  is  to  obtain  improved  voltage  conditions  which  assist 

lintaining  heavy  schedules  with  three  to  six  car  trains.     A  unique  signalling  system  operating  over  the 

i  her's  telephone  line  warns  the  dispatcher  of  any  failure  of  the  substation.     This  article  was  originally 

;on  of  Mr.  C.  H.  Jones'  paper  found  elsewhere  in  this  issue. — Editor. 


The  article  on  "Results  of  Automatic  Sub- 
Operation  on  the  Chicago,  North 
Shore  &  Alilwaukec  R.  R.,"  which  appears 
elsewhere  in  this  issue,  treats  of  a  system 
where  there  is  enough  inspection  work  con- 
nected with  the  substations  to  warrant  a  crew 
of  men  for  this  w<  irk  alone.  Consequently,  the 
ill-  trical  engineer  of  the  road  has  been  able 
through  his  organization  to  compile  data  not 
only  very  valuable  in  the  efficient  operation  of 
his  own  system  but  which  can  be  used  as  a 
basis  of  calculation  for  other  systems  of  like 
character.  The  follow-up  system  on  causes  .  if 
failures  is  especially  interesting  and  valuable 
to  other  companies. 

The  system  described  is  a  large  one  and  I 
believe  that  the  crew  now  employed  exclu- 
sively i  >n  automatic  substation  work  could 
sfully  take  care  of  twice  the  number  of 
stations  that  they  n<  iw  have.  '  )n  a  smaller  sys- 
tem where  there  are  but  one  or  two  installa- 


tions, the  inspection  work  must  be  handled  by 
the  regular  substation  operators  or  repair  men 
and  their  work  must  be  checked  more  closely 
by  their  foreman  or  the  chief  operator  of  sub- 
stations on  account  of  the  automatic  substa- 
tion inspection  being  a  sort  of  side  line  with 
them.  On  the  other  hand,  men  engaged  in 
automatic  substation  work  exclusively  become 
very  proficient  and  can  more  efficiently  make 
the  necessary  inspection  and  adjustments. 

On  the  Aurora,  Elgin  &  Chicago  Railroad 
we  have  seven  manually  controlled  substa- 
tions and  one  automatically  controlled.  This 
station  was  originally  manually  controlled, 
1  >ut  was  changed  over  to  automatic  in  Septem- 
ber, 1918.  It  is  located  approximately  ten 
miles  from  the  nearest  hand-operated  substa- 
tion. An  hourly  schedule  is  operated  both 
ways  with  trains  consisting  of  one  to  three 
cars  through  the  winter.  During  the  summer 
months  very  heavy  picnic  service  is  operated 
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on  this  branch,  and  these  trains  usually  ha    e 
about  six  cars. 

Some  Unusually  Severe  Operating  Conditions 

The  service  under  which  this  station  must 
operate  during  the  summer  months  is  very 
severe;  probably  more  severe  than  automatic 
substations  were  originally  intended  to  serve. 
The  starting  current  drawn  by  our  particular 
car  equipment  is  heavy,  and  on  account  of  the 
exceptionally  long  distance  between  substa- 
tions, the  automatic  equipment  must  natu- 
rally take  care  of  practically  all  of  the  current 
taken  by  trains  until  they  are  well  awav  from 
the  station.  This  made  it  necessary  to  set  the 
thermostat  on  the  line  resistance  grids  so  high 
that  the  grids  would  be  at  red  heat  before 
the  machine  would  be  cut  off.  It  took  consid- 
erable thought  and  experimenting  before  we 
arrived  at  a  proper  setting  of  the  thermostats 
controlling  the  grid  resistance.  The  exceptii  >n- 
ally  heavy  picnic  service  requires,  for  a  definite 
period,  considerably  more  than  the  capacity  of 
the  rotary  converter.  We  had  no  data  avail- 
able as  to  the  temperature  at  which  the  ther- 
mostats should  be  set  and  as  it  was  absolutely 
necessary  to  furnish  a  maximum  amount  of 
power  from  this  particular  rotary  for  a  definite 
period,  the  proper  setting  of  the  thermostats 
resolved  itself  into  a  matter  of  time  rather 
than  temperature  rise;  and  the  setting  nec- 
essary was  accomplished  by  a  personal  obser- 
vation of  the  performance  of  the  grids  and  a 
gradual  raising  of  the  setting  of  the  thermostat 
to  a  point  where  it  was  required  that  the  grids 
be  at  a  dull  red  heat  before  the  thermostat 
functions.  By  this  means  any  cars  in  the  vicin- 
ity of  this  substation  are  given  power  to  move 
them,  regardless  of  this  excessive  heating, 
until  they  are  well  away  from  the  station  and 
are  taking  current  from  another  station. 
Where  a  complete  installation  of  automatic 
equipment  is  made  on  a  system  and  the  sta- 
tions are  spaced  according  to  present  day 
practice,  that  is,  from  four  to  five  miles  apart, 
the  load-limiting  resistance  would  not  be 
called  upon  to  carry  this  extremely  heavy 
overload ;  but  where  the  stations  are  located  as 
they  are  on  this  system,  the  heavy  setting  is 
necessary  in  order  to  obtain  the  maximum 
output  of  the  station. 

When  the  station  was  placed  in  operation, 
the  matter  of  regular  inspection  was  given  a 
great  deal  of  study.  A  careful  survey  of  the 
practice  of  other  companies  in  this  respect  was 
made,  and  from  the  information  gathered  the 
period  of  inspection  was  found  to  range  from 
daily  to  weekly,  most  companies,  however, 


daily.      We    finally   adopted    the 
weekly  inspection,  partly  because  we  had  no 
to  handle  a  more  frequent  U 

tion,  but  more  especially  because  we  felt  that 
an  automatic  substation  to  be  entirely  suc- 
cessful should  run  for  a  longer  period  than 
twenty-four  hours  without  any  attention 
whatever.  We  did,  however,  for  the  first  two 
or  three  months  carefully  follow  the  operation 
■'I  the  station  by  beginning  with  daily  inspec- 
tion, then  extending  it.  to  an  inspection  every 
two  days,  and  increasing  the  period  bet  ween 
inspections  up  to  twelve  days,  and  decided 
from  our  experiments  that  the  limit  of  inspec- 
tion should  lie  approximately  seven  days  as 
there  were  parts  of  some  relays  that  became 
loosened  and  out  of  adjustment  in  a  ten-day 
period  that  remained  in  proper  adjustmenl  for 
a  seven-day  period.  It  was  primarily  this 
experiment  that  led  us  to  adopt  the  w 
inspection,  and  we  have  followed  it  religiously 
since  with  very  good  results.  In  addition,  we 
make  an  inspection  after  each  electrical  storm, 
though  no  difficulties  have  ever  shown  up.  An 
operator  who  lives  in  the  vicinity  charges  the 
lightning  arresters,  takes  the  meter  readings 
and  changes  the  recording  voltmeter  charts 
daily,  but  does  no  further  inspection  work. 
This  can  be  entirely  eliminated  by  the  use 
of  weekly  charts  and  oxide  film  lightning 
arresters. 

This  procedure  soon  brought  us  to  the  con- 
clusion that  we  must  know  what  was  happen- 
ing between  inspection  periods,  that  is,  we 
must  know  if  the  station  failed  and  also  the 
number  of  failures;  and  we  soon  developed  and 
installed  a  special  signal  device  that  hotifies 
the  train  dispatcher  in  case  the  station  does 
not  come  in  on  the  line  properly  when  a 
demand  requires  it.  This  signal  device  was 
developed  by  the  writer  and  consists  of  a  long 
time  element  relay  (ten  rgjnutes)  that  operates 
directly  from  the  No.  2  rglay  as  follows:  Each 
time  there  is  a  demand  made  upon  the  station 
this  signal  device  operates  a  common  ringing 
and  listening  key  similar  to  those  installed  on 
automatic  telephone  switchboards,  giving  a 
ring  on  the  line  with  the  25-cycle  current,  call- 
ing the  dispatcher  to  the  telephone  line,  and 
upon  completing  the  ringing  connects  to  the 
line  an  ordinary  telephone  on  the  transmitter  of 
which  has  been  attached  a  specially  pitched 
buzzer.  It  is  arranged  that  this  signal  is  given 
three  times  during  the  ten -minute  interval. 
This  signalling  is  not  started  until  two  minutes 
have  elapsed  from  the  time  of  the  demand 
made  on  the  station  and  if  the  rotary  comes  in 
on  the  line  properly  a  relay  operated  from  the 
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auxiliary  swi  bactor  No    L8picksup 

and  prevent  i    ng  oul  on  the 

dispatcher's  telephone  line.    This  di    ice  ha 
allowed  us  1  ""  the  automatic  sta- 

tion between  inspection  periods.  A  record  ol 
the  number  of  complete  operations  of  the  sta- 
made  by  the  use  of  a  Bristol  recording 
instrument.  We  have  averaged  one  failure  per 
750  opi 

By  the  installation  of  automatic  equipment 
at  our  one  station  we  wen  able  to  save  $11.90 
per  day  in  labor  alone,  and  we  feel  certain  that 
we  also  save  a  considerable  amount  in  repairs, 
but  this  we  are  unable  to  check.  The  a' 
daily  output  has  increased  from  4,000  kw-hr. 
per  day  to  6,500.  This  is  due  to  th  fact  that 
under  manual  control  a  train  starting  at  the 
st  a tii  in  knocked  oul  the  circuit  breaker  on  the 
rotary  and  it  was  then  impossible  to  close  it 
until  the  train  was  some  distance  away. 
Under  automatic  operation,  however,  the 
load-limiting  feature  permits  the  station  to 
furnish  power  to  the  train  continuously. 
Another  advantage  is  that  the  service  on  this 
branch  is  improved,  as  we  are  able  successfully 


to  handle  heavier  trains  under  better  voltage 
conditions. 

The  stations  mentioned  in  Mr.  Jones' 
artii  le,  previously  referred  to,  operate  a  I 

many  times  a  day.  one  in  particular  sixty-nine 
i  inn  1  believe  that  a  station  can  operate  too 
many  times  per  day.  In  this  particular 
instance,  the  station  perhaps  operated  five  or 
six  times  per  hour  during  rush  periods,  and  if 
this  is  true,  1  believe  it  would  be  advisable  to 
install  a  device  that  would  hold  the  machine  in 
on  the  line  during  this  period  and  thus  save 
the  wear  and  tear  that  result  from  these  addi- 
tional stops  and  starts. 

On  our  system  we  have  a  period  bel 
1  :30  a.  m.  and  5:30  a.  m.  when  there  is  no  train 
service,  but  have  deemed  it  advisable  to  hold 
the  station  on  the  line  with  a  time  clock  to 
improve  voltage  conditions  at  our  shop 
located  about  five  miles  away. 

Automatic  substations  are  now  an  accom- 
plishment and  no  longer  an  experiment.  They 
are  truly  reliable,  more  so  in  fact  than  man- 
ually controlled  stations,  and  they  will  show 
great  economy  right  from  the  start. 


Interior  of  the  Warrenville  Automatic  Substation  of  the  A.  E.  &  C.  R.  R.,  Showing  Automatic  Control  Equipment 
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Efficiency  and  Operating  Tests  on  the  North  Shore 
Automatic  Substations 

By  Cassius  M.  Davis 

Railway  and  Traction  Engineering  Deparimem,  General  Elei  ikk   Company 

No  such  critical  analysis  of  the  automatic  substation  has  before  been  mad    public  a    i  :  here  given  by  Mr. 
Davis  in  the  review  of  the  exhaustive  tests  conducted  on  three  typical    ;ub  ta  C.  \.  S.  &  M.  R.  K. 

Machines  of  three  different  capacities  were  tested  including  both  commutating  and   non-commutatiiig  pole 

types.     Stations  were  selected  which  give  three  different  types  of  duty;  first,  pri all;    continuou 

with  occasional  sustained  overloads;   second,  frequent   shutdowns  with  lun;;  periods  oi  no  load  demand  and 
heavy  loads  when  running;  and  third,  an  intermediate  condition.     Operation  is  thi    n  me  or 

device,  and  these  data  are  a  sweeping  endorsement  of  the  automatic  substation  for  railway     ervio        Editor. 


In  the  latter  part  of  Mr.  C.  H.  Jones' 
article,  published  elsewhere  in  this  issue, 
mention  is  made  of  certain  tests  which  had 
been  made  on  some  of  his  automatic  sub- 
stations. As  only  the  general  results  are 
included,  this  article  has  been  prepared  to 
describe  how  the  tests  were  made  and  to  give 
in  detail  the  results  that  were  obtained. 

Three  substations  were  tested,  Lake  Bluff, 
Kenosha,  and  Libertyville.  The  relative 
locations  of  these  substations  will  be  ft  mini 
on  the  map  shown  in  Fig.  1  of  Mr.  Jones' 
article.  These  particular  ones  were  chosen 
for  the  following  reasons: 


merical  operation  had  been  subjected  to  a 
critical  determination  of  its  efficiency  and  the 
power  losses  in  the  control  circuils  antl  load 
limiting  resistors;  nor  had  accurate  measure- 
ments been  made  of  the  energy  required  to 
place  a  substation  in  operation  when  starting 
from  rest.  The  primary  object  in  making 
the  tests  was,  therefore,  to  measure  as 
accurately  as  possible  all  the  losses  and  in 
account  for  every  kilowatt-hour  entering 
the  substation  from  the  high-tension  line 
Through  the  hearty  cooperation  of  Mr. 
Jones'  organization  and  the  resources  of  the 
General  Electric  Company,  it  was  possible  to 


Kw.  capacity 

Frequency 

High-tension  voltage 

Converter  transformer,  kv-a..  . 

Converter  rating 

Commutating  poles 

Date  of  converter  design 

Weight  of  complete  converter. 
Weight  of  armature  and  shaft. 
Diameter  of  armature 


Lake  Bluff 


1000 

25 
13,200 
3-350 

4-pole,  tj-ph. 

Yes 

lilt? 

20,800  lb. 

7()i)()  lb. 
31.5  in. 


Kenosha 


500 

25 

33,000 

:ms."> 

i-pole,  6-ph. 

No 

1905 

32,800  11). 

7300  lb. 

36.0  in. 


Libertyville 


300 

27. 

13.201) 

3-110 

6  t" -I'  ,  3-ph, 

So 

1001 

22,7,00  lb. 

5800  lb. 

30  O  in. 


Note. — Each  substation  is  equipped  with  standard  General  Electric  automatic  railway  control.  The 
transformers  at  Lake  Bluff  are  of  the  inherent  reactance  type.  At  Kenosha  and  Libertyville,  .■denial  com- 
pounding reactors  are  used. 


( 1 )  To  include  three  different  capacities 
of  converting  apparatus. 

(2)  To  include  both  commutating  and  non- 
commutating  pole  converters. 

(3)  To  include  machines  of  both  old  and 
new  designs. 

(4)  To  obtain  operating  characteristics 
on  substations  subjected  to  widely 
varying  types  of  load. 

The  chief  features  concerning  each  sub- 
station are  set  forth  in  Table  I. 

Up  to  the  time  these  tests  were  made  in 
January,    no   automatic   substation    in    com- 


assemble  a  large  amount  of  special  apparatus, 
recording  meters,  graphic  instruments,  etc., 
and  to  provide  ample  personnel  to  make  a 
very  comprehensive  set  of  tests. 

The   general   routine   followed   in    making 
the  tests  on  each  substation  consisted  of: 
(  1  )    Measurement  of  the  voltage  ami   cur- 
rent, and  the  watts  consumed  by  each 
individual  device. 
(2)  The    voltage    and    current,     and    the 
watts  consumed  by  various  groups  of 
devices    as    connected    in    the    several 
sequences  of  operation. 
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(3)   Running-lighl     high-tension    input    of 
the  transformers. 

nput  required  to  start 
the  equipment  from  rest  and  to  put  it 
on  ill 

ntinuous    nin     in 
ice. 

cords  of  performance  of 
equi] 
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Fig.  1.     Section  of  Automatic  Station  Recorder  Chart  Made 
Dining  Run  on  Kenosha  Substation 

All    readings  were   checked   as   closely   as 
de  with  known  di  l,  and  wher- 

ever possible  indicating  wattmeter  readings 
were  compared  with  those  yielded  by  rotating 
standards.  During  the  48-hour  runs  a  con- 
tinuous record  w;  i    the  a-c.  power. 


.  and  current  input  ;  a-c.  control  input; 
nergy,    voltage,    and    current    output; 
and  the  energy  loss  in  load  limitr 

In  addition  to  these  energy  and  power 
records  a  continuous  graphic  record  was 
obtained    of    th<  of    the    more 


Device 

A-c.  or 

ENERGIZED  FROM 

Control 

Po.ver 

Trolley 

Circuit 

Transf. 

Transf. 

Armature 

1 

d-c. 

* 

2 

3 

* 
* 

t 

* 

5 

* 

6 

* 

7 

* 

Hi 

* 

14 

" 

* 

16 

" 

* 

17 

d-c. 

* 

18 

•■ 

19 

■• 

20 

" 

* 

21 

" 

* 

27 

a-c. 

* 

27A 

" 

* 

29 

d-c. 

* 

31 

a-c. 

* 

32 

" 

* 

34 

" 

* 

36 

d-c. 

* 

37 

" 

* 

Note.—  Series   devices  such   as   No.   23,  26,   28, 
etc.,  are  not  included. 


TABLE  III 


Device 

ENERGIZED    WHEN 

No. 

Shut 
Down 

Starting 

Running 

Shutting 
Down 

1 

* 

* 

* 

* 

2 

* 

* 

3 

* 

* 

4 

* 

* 

* 

* 

6 

# 

* 

y 

*                     * 

10 

* 

14 

* 

16 

* 

17 

* 

18 

* 

19 

* 

20 

* 

21 

* 

27 

* 

* 

* 

* 

27  A 

* 

* 

* 

* 

29 

» 

31 

* 

32 

* 

* 

34 

* 

* 

36 

* 

37 

* 

Note.  —  Series  devices  sueh  as  No.  23,  26,  28, 
etc.,  are  not  included.  Device  No.  1  is  energized 
from  the  trolley  when  the  station  is  shut  down. 
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important  devices.  These  last  records  and 
the  direct-current  output  were  secured  1>\ 
means  of  the  specially  constructed  recorder 
shown  in  Fig.  11  of  Mr.  Jones'  article.  A 
portion  of  the  record  made  by  this  instrument 
is  exhibited  in  Fig.  1. 

The  energy  loss  in  the  load  limiting  resistors 
was  measured  by  a  specially  calibrated  watt- 
hour  meter,  the  current  coil  of  which  was 
connected  in  series  with  the  resistor  circuit 
while  the  potential  coil  was  connected  across 
the  resistor  circuit.  The  values  obtained  were 
checked  by  determining  the  average  current 
and  time  from  the  graphic  recorder  chart  and 
calculating  the  loss. 

In  order  to  appreciate  the  manner  in  which 
the  incoming  substation  energy  is  distributed 
in  an  automatic  substation,  the  general 
scheme  of  operation  must  be  borne  in  mind. 
The  bulk  of  the  control  apparatus  is  operated 


by    power    received    from    a    control    trans- 
former.    This  tran  former  i  :  connected  to  the 

transmission   line  outside   the   station   oil   cir- 
cuit breaker,  and  hence  n  is  alwa 

A   i'  .'    d are  operated   bj    d-c.   power 

taken  from  the  converter  when  the  lal 
running.  One  relay  (No.  32)  is  energized 
from  the  secondary  of  the  power  trans- 
formers. ( Ini  nl.r.  I  No.  I )  receives  power 
from  the  trolley  circuit  and  this  power  is  not 
charged  against  the  substation  while  not  in 
operation. 

By    reference   to   the   wiring   diagram.    Pig 
2,  it  will  be  observed  which  devices  n  ■ 
power  from  the  different  sources  mentioned 
For  convenience  they  are  given  in  Table  II. 

The  sequence  of  operations  when  starting 
up  the  substation  is  briefly  as  follows:  When 
relay  No.  l  operates,  due  to  low  voltage  on 
the    trolley    circuit,    the    controller    No     34 


Fig.  2.     Wiring  Diagram  of  Kenosha  Substati( 
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starts.  The  controller  segments  then  make 
contact  in  sequence  closing  the  oil  circuit 
breaker,   No.    7.  and   then  the  starting 

No.    10.     The 
and  runs  up  to  synchronous  speed.    The  con- 
larized  by  the  operation  of 
and    14    in    succession. 
Then  the  runnin  -.   No.   16, 

and  ii  Nos.   I  7.  L8,  L9, 

L'l  and  20;  the  last  three  short  circuit  the  steps 
of  the  load  limitii  The  controller 

then  stops  and   remains  in   this  position   as 
as  the  converter  is  required  for  load. 
When  the  load  demand  disappears  and  relay 
No.  3  "pens,  all  contactors  carrying  th 


current  output  of   converter. 

(a)  Direct-current     control,     station 
running. 

(b)  Losses  in  load  limiting  resi 

Direct-current   output  to  trolley 
circuit. 

C  Copper  losses,  load  losses,  etc.,  in  trans- 
formers, converter,  instruments,  etc. 

Definite  measurements  can  be  made  and 
values  assigned,  once  tor  all.  to  each  of  these 
items,  except  that  under  the  heading  of  "Cop- 
ses, load  losses,  etc."  The  values  for 
this  item  depend  upon  the  character  of  the 
load.     In  the  tests  herein  discussed  this  item 


Kw.  capacity 

A    Input  to  a-c.  control  circuit: 

1  Station  shut  down,  watts 

tation  starting  up,  watt-hr 

•  unning,  watt  - 
ition  shutting  down,  watt-hr.  .  .  . 
B   [nput  to  power  transformers  : 

tation  starting  up,  watt-hr 

2  Running  light  losses,  kw 

:;     Relay  N 

(4)    D-c.  control,  station  running,  watts  . 


1000 

343.0 

25  t 

3.7 

893.0 

28.8 

65.0 

L502.0 


500 

230.0 
18.0 

687.0 
3.0 

1170.1) 
36.0 

1372.0 


360.0 

19.4 

333.0 


535 

18.0 
42.0 
935 


current  on  both  the  a-c.  and  d-c.  end  of  the 
rter  open  and  the  controller  is  re-started 
to  move  it  to  the  "off"  position. 

Some  devices  are  energized  when  the 
converter  is  shut  down,  some  while  it  is 
starting  up  and  shutting  down,  and  some 
while  it  is  running.  Table  III  shows  which 
ones   belong   to  each   group. 

While  the  above  description  applies  strictly 

Kenosha  Substation,  it  will  also  answer 

for  the  other  two  substations  although  there 

are    slight     differences    in    the    equipment. 

The  substation  incoming  energy  may  be 
segregated  as  follows. 

A  [nput  to  alternating-current  control  cir- 
cuit. 

1  Station  shut  down. 
Station  starting  up. 

3     Station  running. 

i     Station  shutting  down. 

B  Input  to  power  transformers. 
i  >n  starting  up. 

2  Running  light   losses  in  transformers 
and  converter. 

(3)  Relay  Xo.  -ii*. 


represents  the  difference  between  the  total 
incoming  power  and  the  sum  of  the  values  of 
all  the  other  items. 

The  results  of  the  tests  made  on  the  three 
North  Shore  substations  are  shown  in  Tables 
IV  and  V.  The  former  gives  values  for  all 
those  items  which  do  not  depend  upon  the 
direct-current  output  of  the  substations;  the 
latter  gives  the  results  of  the  48-hour  runs  in 
regular  service. 

Some  explanations  of  Table  IV  are  neces- 
sary. The  variations  in  the  power  required 
by  the  alternating-current  control  are  due 
primarily  to  the  size  of  contactors  in  the 
different  substations.  Relay  Xo.  2  in  Liberty- 
ville  is  a  smaller  device  than  in  the  other 
two  substations.  In  Kenosha,  contactors 
Nos  1.  5,  and  14  are  of  l.Vi-ampere  capacity- 
while  in  the  other  two  substations  the 
corresponding  devices  are  of  75-ampere  capac- 
ity. The  running  contactor.  No.  16,  in  Lake 
Bluff  is  larger  than  those  in  Kenosha  and 
Libertyville  and  takes  a  little  more  power. 
The  control  transformers  in  Lake  Bluff  and 
Libertyville  are  larger  than  those  at  Kenosha, 
and  consequently  the  core  loss  is  higher  in. 
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these  two.  The  net  result  is  as  indicated  in 
the  table. 

The  values  of  energy  required  to  start  up 
the  substations  and  the  running  light  losses 
are  interesting  because  they  show  the  effects 
of  different  converter  designs.  The  machines 
in  Kenosha  and  Libertyville  are  of  old  design, 
having  heavy  armatures  of  large  diameter 
and  low  speed.  The  one  in  Lake  Bluff  is  of 
modern  high-speed  design,  and  although  twice 
the  capacity  of  the  Kenosha  converter,  its 
armature  is  only  J/j$  the  diameter  and  96  per 
cent  as  heavy.  The  Lake  Bluff  converter 
reaches  synchronism  from  rest  in  five  seconds, 
while  it  requires  14  seconds  for  each  of  the 
other  machines.  The  starting  energy  is  very 
nearly  in  proportion  to  the  running  light 
power  and  in  each  case  represents  the  same 
energy  as  is  required  to  run  the  converter 
light  for  about  two  minutes. 

The  difference  in  direct-current  control 
power  is  due  to  the  number  of  resistor  con- 
tactors in  the  respective  substations. 

The  summary  of  the  4S-hour  run  given  in 
Table  V  is  very  interesting  and  shows  just 


where  all  the  incoming  substation  energy  was 
'on  in,i,  ,1.  This  tabulation  is  similar  to  thai 
in  Mi  [on<  s'  article  but  it  has  been 
re-arranged  slightly  to  correspond  to  the 
classification  previous!'  mentioned.  The 
energy  consumption  by  the  alternating 
current  control  has  been  re-calculated  to 
include  the  core  loss  of  the  control  trans- 
former, while  the  I'-'R  loss  in  this  trans- 
former has  been  lumped  in  with  the  total 
substation  copper  loss,  etc.,  under  item  "C  " 
The  effect  of  the  train  service  on  the  sub- 
station operation  is  noticeable.  Lake  Bluff 
supplies  a  diversity  of  load  consisti, 
limited  and  local  trains  from  Chicago  to 
Milwaukee,  and  express  trains  from  Chicago 
to  Waukegan.  It  also  supplies  one  end  of  the 
branch  west  through  Libertyville  to  Area 
As  a  result  there  is  practically  always  a  load 
demand  on  this  substation.  Three  of  the 
starts  and  stops  recorded  during  the  run 
occurred  between  the  hours  of  1  a.m.  and  7 
a.m.  The  other  one  was  due  to  a  heavy 
sustained  overload  which  operated  the  resistor 
thermostat.      The   maximum   output    to   the 


Substation 

Lake    Bluff 

Kenosha 

Libertyville 

Capacity,  kw 

1000 

500 

300 

2310.0 

1271.0 

"■mil 

Total  time  running  as  percentage  of  4S  hrs., 

per  cent 

S0.3 

44.2 

77.li 

Number  of  starts 

4.0 

09.0 

26.0 

Number  of  stops 

4.0 

68.0 

27.0 

Average  length  of  running  periods 

9.0 

hr. 

18.5  nun. 

1.4  hr. 

Total  input  to  substation,  kw-hr 

ic.nso  ii 

7530.7 

tins.  5 

Total  ouput  of  converter,  kw-hr 

14,344.7 

6298  8 

32  11.1 

Total  ouput  to  trolley  circuit,  kw4ir 

14,218.0 

6130.0 

3200.0 

Over-all  efficiency  of  substation,  per  cent.  . 

SX.4 

XI.  3 

,  ,  .9 

Average  load  on  converter  during  running 

time,  kw 

373.0 

291 .0 

87.8 

Time  load  limiting  resistors  were  in  circuit, 

20.2 

155.11 

Not  Measured 

Distribution  of  Input 

Kw-hr.      1     P 

r  Cent 

Kw-hr. 

Per  Cent 

Kw-hr. 

Per  Cent 

A  A-c.  control  circuit: 

(1)   Input  while  station  was  shut  down.  . 

3.3 

.021 

0.2 

.082 

4.0 

.097 

(2)   Input  while  station  was  starting  up 

O.t 

.001 

1.3 

.017 

H.4 

.010 

(3)    Input  while  station  was  running 

27.0 

.168 

14.5 

.192 

]'.>.:> 

.475 

(4)   Input  while  station  was  shutting  down 

Negligible 

0.2 

.003 

0.1 

.002 

B  A-c.  power  circuit: 

(1)   Input  while  station  was  starting  up. 

3.5 

.022 

SO.  7 

1.0, 

13.9 

.338 

(2)    Running  light  losses 

1110.0 

6.91 

763. 

10.12 

694.6* 

16.88 

(3)   Energy  consumed  by  relay  X".  32 

2.."i 

.mo 

1.1 

.014 

2.0 

.049 

(4)    D-c.  converter  circuit: 

(a)  D-c.   control   while   station    was 

(b)  Losses  in  load  limiting  resistors.  .  . 

57.7 

.359 

28.8 

.382 

34.0 

.842 

69  0 

.429 

1  40. 

ISO 

6.5 

.  1 58 

14,218.0 

88.41 

01  30. 

81.34 

3200.0 

77.92 

C  Copper  losses,  load  losses,  series  devices, 

588.9 
16,080.0 

3.66 

inc. on 

.1711  H 
75.36.7 

4. '42 

1 1 

132.9 
4108.5 

3.23 

Total  high  tension  input  to  substation 

100.00 

*This  includes  29.6  kw-hr.  core  loss  in  power  transformer. 

The  transformers  in  this  station  are  not  disconnected  when  the  converter  shuts  down. 
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Fig.  3.     Continuous  Oscillogram  (in  three  parts),  Showing  Complete  Starting  Cycle  of  Lake  Bluff  Substati, 


Fig.  4.     Oscillogram  Showing,  Shutdown  of  Kenosha  Substation  Due  to  Interruption  of  the  High  Tension  Supply 
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trolley  circuit  during  any  one  hour  was  535 
kw-hr.  The  average  outpul  was  296  k\v. 
This  gives  a  load-factor  of  •">.">.;;  per  cent, 
and  a  station-factor  of  29.6  per  cent. 

At  Kenosha  the  situation  is  quite  different. 
This  station  is  near  a  passing  point  and 
supplies  the  limited  and  local  Milwaukee 
service  only.  There  are  long  periods  each 
hour  when  there  is  no  load  demand.  Con- 
sequently, this  substation  starts  and  stops 
frequently  and  carries  a  heavy  load  when- 
ever it  is  operating.  The  maximum  hour 
output  during  the  48-hour  run  was  310  kw- 
hr.,  while  the  average  load  was  12S  kw. 
The  load-factor  was  41.3  per  cent  and  the 
station-factor  was  l2.>.(i  per  cent. 

At  Libertyville  an  intermediate  condi- 
tion exists.    This  substation  feeds  a  stub  end 


Of  tl  ..  Mm     bv gem  ral  interesl 

are  shown  in  Figs.  3  and  I.  The  firsl  exh 
a  complete  starling  cycle  at  the  Lake  Bluff 
substation.  The  Upper  record  shows  the 
potential  across  the  commutator  bin 
the  middle  record  is  the  alternating-currern 
control  current,  and  the  lower  shows  the  high- 
tension  potential  at  the  terminals  of  the 
power  transformers.  It  will  be  observed 
that  the  converter,  which  reaches  syn- 
chronism very  quickly,  came  up  to  speed  with 
the  wrong  polarity.  The  field  coils  were  then 
separately  excited  from  the  small  generator 
connected  to  the  controller  motor.  The 
machine  then  slipped  a  pole  and  quickly  came 
up  with  the  correct  polarity.  The  point  at 
which  the  separate  excitation  was  applied  is 
clearly  indicated.     The  other  features  of  the 


TABLE   VI 

Substation 

Lake   Bluff 

Kenosha 

Libertyville 

1000 

38.5 

9.5 

14,218.0 

370.0 

535.0 

69.2 

37.0 

500 
21.18 

26.82 

ni:;n  ii 

290.0 

310.0 

93.5 

58.0 

300 

Total  time  running,  hr 

.-ill   MS 

1  1.02 

Total  output  to  trolley,  kw-hr 

3200.0 

86.5 

Maximum  hour  output,  kw-hr 

141.0 

61.4 
28.8 

where  the  traffic  is  light.  Most  of  the  starts 
and  stops  take  place  during  the  early  after- 
noon and  between  midnight  and  6  a.m.  The 
lay-over  at  Area  is  ordinarily  not  long  enough 
to  permit  of  a  shut-down.  The  maximum 
hour  output  to  the  trolley  was  141  kw-hr.,  the 
average  output  06. 7  kw.,  the  load-factor  47..'> 
per  cent,  and  the  station-factor  22.  2  percent. 

All  the  foregoing  values  are  based  on  the 
total  run  of  4S  hours.  The  real  story  is  told 
however  by  basing  the  load  calculation  on 
the  actual  time  the  automatic  substation  is 
in  operation.  Consequently,  the  following 
values  have  been  prepared  and  tabulated 
in  Table  VI.  These  figures  bring  out  clearly 
the  duty  to  which  each  substation  is  subjected. 
The  Kenosha  record  is  particularly  worthy 
of  note,  since  it  is  carrying  about  all  it  is 
possible  for  a  500-kw.  machine  to  handle  in 
heavy  interurban  service.  In  fact,  were 
it  not  for  the  load  limiting  resistor,  it  would 
be  impossible  for  a  machine  of  such  small 
capacity  to  carry  the  loads  imposed  upon  it. 

The  slight  differences  between  the  values 
of  "Station-Factor"  as  shown  in  Table  VI 
and  "Average  load,  per  cent  of  machine 
rating"  as  shown  in  Table  V  in  Mi.  Jones' 
article  are  due  to  the  use,  as  a  basis,  of  the 
output  of  the  converter  in  the  latter. 


cycle  are  marked  on  the  film.  Had  the  con- 
verter come  up  with  the  correct  polarity  the 
separate  excitation  would  have  been  applied 
just  the  same,  but  no  change  in  the  relative 
position  of  the  field  flux  and  the  armature 
flux   would   have   resulted. 

Many  oscillograms  were  taken  showing 
the  behavior  of  the  equipment  under  various 
abnormal  conditions.  The  one  illustrated 
in  Fig.  4  shows  what  happens  when  the  high- 
tension  supply  is  suddenly  interrupted.  While 
the  machine  was  carrying  load,  the  air 
break  switch  just  outside  the  station  was 
opened.  It  will  be  seen  that  the  direct-current 
current  (lower  record)  falls  and  reverses  (due 
to  power  being  fed  from  the  trolley),  causing 
the  reverse  current  relay  to  operate  and  trip 
the  alternating-current  control  circuit  (middle 
record).  Since  the  load  that  was  being 
carried  at  the  time  was  small,  the  trolley 
voltage,  shown  as  the  upper  record,  did  not 
change  much.  The  zero  line  for  the  trolley 
voltage  is  not  shown;  it  is  above  the  upper 
record. 

The  tests  outlined  herein  and  the  systematic 
performance  records  kept  by  the  North  Shore 
organization  tell  the  complete  story  of  the 
most  up-to-date  and  economical  method  of 
furnishing  power  to  electric  railways. 
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Electrification  of  the  Paulista  Railway, 
Brazil,  South  America 

By  W.  I).  Bearce 
Railway  and  Thai  hon  Engineering  Department,  General  Electric  Company 
To  ■  irrent  railway  electrifications  already  in  successful  operation  is  so 

:  1    ■     ul     Ltuti  ity  for  steam  as  motive  power  o 

ii  l  ween  Jundi 
in  lengt)  l  ontemplate  the  extension  of  this  electrification  ovei 

tne  .,,!,,  ,n  from  Cam] una    to  ('.in Inn.,  a  distance  of  7U  km.  (45  miles),  making  a  total  of  117  km. 

Ill  the  apparatus  and  equip  ign  and  capacity  as  to  be  suitable  for  operating  over 

ectrifii  ition  to  Sao  Carlos,  an  overall  distance  of  206  km.    (128  mi 
Km  roR. 


The  motive  power  equipment   consists  oi 

omotives  weighing   100  tons 

each  and  four  passenger  locomotives  weighing 

120  inns  each.    Work  has  been  progressing  on 

these  locomotives  for  about   a   year  at    the 

Works  of  the  General  Electric  Company, 

and  the  first  locomotive  was  put  on  the  test 

track  about  the  middle  of  March.     Complete 

running    tests   wen'   made   and    two 

freight      locomotives     were     shipped 

the    middle  of  May.     <  )ne  of 

er   locomotives  was    also 

:  rack   and   shipment 

ade  during  the  month  of  May. 

In  addition  to  the  locomotives,  the 
•  :  included  the  equipment  of 
a  complete  3000-volt  direct-current 
substation  of  4500-kw.  capacity,  con- 
sisting of  three  l.">()0-kw.,  three-unit 
motor-generator  sets,  transformers, 
switches,  and  high-tension  equipment. 
Overhead  line  material  has  also  been 
furnished  for  122  km.  (76  miles)  of 
track  and  material  for  llikm.  (1(1  miles  I 
of  88000-voll  3-phase  60-cycle  high- 
tension  transmission  in  duplicate  from 
the  lines  of  the  Sao  Paulo  Light  & 
Power  Company. 

The  line  from  Campinas  tojundiahy 
i-  a  main  line  section  connecting  at 
the  southern  terminus  with  the  Rao 
Paulo  Railway  and  the  Central  Rail- 
Brazil.  The  Central  Railway 
is  government  owned  and  electri- 
fication of  this  line  has  also  been 
authorized.  At  Campinas  and  other 
points  north,  connection  is  made  by 
the  Paulista  Railway  with  a  number 
oi  feeder  lines  which  bring  large 
quantities  of  coffee  and  other  raw 
material  from  the  interior. 

The     n.adhed     is    rock    ballasted 
and    thi  tion    throughout     is 

equal     :■  rf     any    main    line 


in  the  United  States.  The  track 
gauge  is  5  ft.  3  in.  on  the  section  to  be 
electrified,  but  some  of  the  connecting  lines 
are  narrow  gauge  and  facilities  are  pro- 
vided for  transferring  the  car  bodies  com- 
pute with  merchandise  to  narrow-gauge 
trucks  and  vice  versa.  The  passenger  serv- 
ice    includes     high-speed    trains     with     full 
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Pullman  accommodations.  The  present  loco- 
motive equipment  consists  of  heavy-type 
locomotives  for  freight  service  and  high- 
speed engines  for  passenger  service.  All  are 
equipped  for  burning  wood  as  fuel  instead  of 
coal.  On  account  of  the  high  price  of  coal  and 
the  great  difficulty  in  securing  it,  wood  is 
burned  almost  exclusively  in  this  part  of 
South  America.  The  variety  must  used  is 
known  as  quebracho,  which  gives  satis- 
factory  results  except  that  the  quantity  re- 
quired for  a  100-mile  run  is  very  bulky. 
Recently  there  has  been  difficulty  in  procuring 
wood  that  is  suitable  for  this  work.  Electri- 
fication, therefore,  was  decided  upon  as  the 
remedy. 


LOCOMOTIVES 

The  initial  equipment  of  locomotives  in- 
cludes eighl  freight  and  four  passenger,  all  oi 
the  twin-geared  type.  These  are  similar 
to  those  in  successful  use  in  the  United 
on  the  Chicago,  Milwaukee-  &  St.  Paul  Rail- 
way, the  Butte,  Anaconda  &  Pacific  Railv 
the  Detroit  River  Tunnel  and  other  roads  and 
include  the  well  tried  features  of  the  best 
types  of  locomotives  now  in  service. 

Freight  Locomotives 

The  freight  locomotives  weigh   100  tons  or 
approximately   91    metric    tons    and    all    the 

weight   is  on    the  driving   axles.     They    are 
designed  for  handling  a  trailing   train  of  700 


COMPAHHIA  PAULISTA  OE  ESTRADAS  DE  FERRO 
Perfil  Longitudinal Jumdiahy  A  Cordeiro 


Fig.  2.      Profile  of  the  Section  of  the  Paulista  Railway  Between  Jundiahy  and  Corde 


The    section    selected    for    electrification 

presents  a  rather  difficult  profile,  including 
maximum  grades  of  1.5  to  1.8  per  cent.  Th? 
approximate  tonnage  handled  over  the  line 
from  Jundiahy  to  Cordeiro  during  the  year 
1918  was  400.000,0011  ton-km.  or  about  275,- 
000,000  ton-miles,  including  freight,  passenger 
and  non-revenue  service.  The  locomotives 
and  substation  are  designed  to  handle 
approximately  double  this  amount.  As  a 
basis  for  estimates  it  was  assumed  that  the 
number  of  trains  per  day  over  the  initial 
electric  zone  will  be  six  passenger  and  twenty- 
one  freight  trains  in  each  direction,  making 
a  total  of  fifty-four  per  day. 


metric  tons  on  the  maximum  1.8  per  cent 
grade  at  speeds  from  19  to  20  km.  (12  l<>  Hi 
miles)  per  hour.  The  maximum  allowable 
speed  on  tangent  level  track  is  48  to  56  km. 
(30  lo  35  miles)  per  hour.  It  is  expected  that 
because  of  the  greater  capacity  and  higher 
speed  characteristics  the  electric  locomotives 
will  provide  an  appreciable  improvement  in 
the  existing  steam  service,  both  as  regards 
schedule  speed  and  weight  of  trains  handled. 
The  freight  locomotive  has  a  running  gear 
consisting  of  two  2-axle  trucks  coupled 
together  by  an  articulated  joint,  and  a  single 
cab  of  the  box  type.  The  draft  gear  is 
mounted  on  the  trucks  and  all  hauling  and 
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buffinj  hrough  the 

I  nick     frames    ai  thus 

eliminating  any  possibility  of  dai 

cab   and   platform    structure.      Each    truck 

is  equipped  with  tvi  o   120-1  of  the 

box-frame  type  geared   to   the   driving   axle 

by  two 

motor      i  !    side  equalized 

and  the  otl  '  "  iding 

quivalent   of  a  three-point   support   for 

the   superstructure.       The   diameter   of   the 

driving  wheel  is    12  in  '    the 

east   wheel  center  36  in,  allowing  for  a  steel 

m.  in  thickness.     The  overall  length  of 

comotive  is  39  ft.   2  in.  and   the  rigid 
wheel  base  8  ft.  8  in.     The  interior  ol 


entirely  different  systems  of  brakes  arc  there- 
fore provided:  a  straighl  air  brake  system 
for  tin  e,  ami  vacuum  type  bi 

on  the  train.  The  two  systems  are  manip- 
ulated   in    the  same  manner  as  the  usual  all 

live  brakes 
applied  automatically  at  the 
time  as  the  train  brakes  under  normal  running. 
Brakes  can  be  applied  on  the  locoi 
alone  or  on  the  train  alone  if  desired.  When 
rating,  however,  there  is  a  magnet 
valve   so   arranged    that    straight   air   cannot 

iplied.     However,  should  an  emei 
application     be    made,     regeneration     is    dis- 
continued and  the  brakes  are  applied  on  the 
locomotive. 


Fig.  3.     One  of  the  Four  120-ton  Geared  Passenger  Locomoti' 


cab  is  divided  into  three  compartmen 
partitions  or  bulk  heads  so  placed  as  to  form 
two  end  compartments  about  5  ft.  in  length 
for  the  operator's  cabs  and  the  remainder 
for  housing  the  control  equipment,  com- 
pressor-exhauster set.  and  other  auxiliary 
apparatus.  The  two  pantograph  trolleys  are 
double-pen  sliding  type  similar  to  that 
used  on  other  heavy  electrification  projects 
and  are  mounted  on  the  cab  roof.  These  are 
insulated  for  3000  volts  and  are  design- 
operate  through  a  range  from  15  to  22  ft. 
above  the  rail. 

To  conform  to  the  equipment  on  this  road 
it  is  necessary  to  provide  control  for  the 
vacuum  type  brakes  used  on  the  cars.     Two 


The  motors  are  of  the  box-frame  com- 
mutating-polc  type  designed  for  self  venti- 
lation. This  feature  is  made  possible  by  the 
increased  room  due  to  the  wide  gauge.  In 
order  to  supply  clean  air  for  ventilating  the 
motors,  a  ventilating  pipe  is  provided  and 
reaches  to  the  outside  of  the  locomotive  truck. 
The  fan  is  of  the  multiple  type  made  integral 
with  the  armature  head  flange  on  the  end 
ite  the  commutator.  Air  is  taken  into 
the  frame  at  the  commutator  end  through  a 
screened  opening  and  divides  into  two 
streams,  one  passing  over  and  around  the 
armature  and  field  coils,  while  the  other  is 
drawn    through    longitudinal    ducts    in    the 
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armature  core.  All  of  the  air  is  expelled  from 
the  frame  at  the  end  opposite  the  com- 
mutator. These  motors  are  designed  for 
operation  at  1500  volts  per  commutator  with 
two  motors  connected  permanently  in  series 
for  the  3000-volt  supply.  The  gears  are  of 
the  forged  steel  type  with  a  reduction  of  82  to 
18  or  4.56. 

Control 

The  control  equipment  is  of  the  well 
known  type  M  designed  for  non-automatic 
single-unit  operation  of  the  locomotives. 
All  contactors,  rheostats,  transfer  switches, 
and  the  reverser  are  located  in  the  central 
compartment  of  the  cab.  The  master  con- 
trollers, brake  control,  sander  control,  panto- 
graph and  other  control  devices  are  in  the 
operator's  cabs  at  the  ends  of  the  loco- 
motive. 

Energy  for  operation  of  the  control  is 
obtained  from  a  65-volt  generator  which  is  a 
part  of  the  compressor-exhaustor  unit.  A 
65-volt  storage  battery  is  connected  in 
parallel  with  the  generator  to  maintain  con- 
stant voltage  and  to  supply  auxiliary  lighting 
when  the  sit  is  not  running. 

The  motors  may  be  operated  all  four  in 
series  through  14  steps  of  resistance,  and  with 
two  motors  in  series  and  two  groups  in 
parallel  through  10  steps  of  resistance. 
Regenerative  braking  is  provided  for  return- 
ing energy  to  the  line  on  descending  grades. 
Ten  steps  are  used  for  the  regenerative 
braking  control.  The  lighting  and  mis- 
cellaneous equipment  includes  the  neces- 
sary lamps,  switches,  fuses,  and  wiring  for 
illuminating  the  cab  and  for  headlights  and 
accessories.  The  headlights  are  of  the 
incandescent  type  with  side  number  plates 
and  are  supplied  from  the  65-volt  generator  or 
battery.  Speed  recorders  are  included  as  a 
part  of  the  locomotive  equipment.  The 
draft  gear  is  attached  to  the  end  frames  of 
the  trucks  and  is  of  the  usual  European 
type.  The  compressor-exhauster  set  is  a 
combined  unit  having  a  compressor  with  a 
total  piston  displacement  of  48  eu.  ft.  of  air 
per  minute  at  a  pressure  of  90  lb.  per  sq.  in., 
an  exhauster  with  a  displacement  of  150 
cu.  ft.  of  air  per  minute,  and  the  65-volt 
direct-current  generator  mentioned.  The 
unit  is  driven  by  a  3000-volt  direct-current 
motor  operating  from  the  trolley  circuit. 

Passenger  Locomotives 

The  passenger  locomotives  are  similar 
in  design  to  the  freight  units  except  that  a 


two-axle  guiding  truck  is  pro',  idi  .1  al  ea<  h 
end  to  comply  with  the  railway  company's 
specifications  for  high-speed  service,  I  I 
motors  used  arc  identical  to  tho  ;e  on  the 
freighl  locomotive  excepl  for  the  change  in 
gear   ratio   to   provide   for  maximum   speed 


Fig.  4.      One  of  the  Eight  100  ton  Freight  Locomotives 

from  90  to  100  km.  (56  to  01'  miles)  per  hour. 
The  running  gear  consists  of  two  2-axle 
driving  trucks,  the  inner  ends  of  which  are 
connected  by  an  articulated  joint.  The 
outer  ends  arc  extended  and  supported  on  the 
guiding  trucks  by  roller  centering  devices 
over  the  front  axle  and  an  articulated 
joint  over  the  rear  axle  which  also  connects 
the  guiding  and  motor  trucks.  The  general 
arrangement  of  motors  and  control  is  the 
same  as  that  on  the  freight  locomotives,  and 
a  similar  system  of  regenerative  braking  is  also 
provided.  These  locomotives  are  designed 
for  hauling  a  train  of  400  metric  tons  trailing 
up  a  one  per  cent  grade  at  a  speed  of  62  J^ 
km.  (.'39  miles)  per  hour.  The  gear  ratio  on 
the   passenger   locomotive   is    ,11  30   or   2.3:3. 

For  speeds  above  the  full  series  and  full 
parallel  connections,  a  shunted  field  connec- 
tion is  provided  by  means  of  which  the  field 
current  is  reduced  for  maximum  speed 
running. 

Regenerative  braking  is  accomplished  by 
connecting  one  motor  in  such  a  way  that  it 
excites  the  field  of  the  three  other  motors  and 
also  its  own  field.  This  scheme  is  in  general 
similar  to  that  used  on  the  Chicago,  Milwaukee 
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&  St.  Paul  gearless  passenger  locomotivi 
eliminates  the  necessity  for  a  separate  n 

A  balancing 
resistance  is  connected  in  the-  circuit  to  protect 
the  motors  against  sudden  surges  of  the  line 

eand  to  give  effective  protect  ion  a; 
line  voltage  changes.  In  order  to  begin  regen- 
n,  tin-  main  controller  handle  is  turned  to 
the  first  notch  scries  position  and  the  sell 
handle  to  the  braking  position  The  main 
handle  is  then  notched  up  until  the  de  ired 
braking  effect  is  obtained. 

As  on  the  freight  locomotives,  a  high- 
speed circuit  breaker  is  placed  between  the 
3000-volt  trolley  and  the  locomotive  appara- 
tus. The  duty  of  this  breaker  is  to  protect 
notors  and  equipment  from  any  injury 
due  to  short  circuits  or  excessive  overloads. 
In   such    cases   this   breaker  cuts   in   a    pro- 


through  three  3-phase  1900-k-va.  transformers 
to  2300  volts  for  the  synchronous  motor. 

Transformers 

The  three-phase  oil  insulated  and  oil- 
cooled  transformers  are  rated  60  cycles, 
L900kv-a.,41,500Y  88.000Y-2300  volts.    The 

tanks  are  of  steel  plate  with  all  joints  welded. 
Four  separable  steel  radiators  are  mounted 
on  the  outside  of  the  tank  to  provide  sufficient 
radiating  surface. 

Each  transformer  is  provided  with  an  oil 
conservator  or  auxiliary  tank  mounted  on  the 
This  device  permits  the  main  tank'  to 
be  completely  filled  with  oil  and  differences 
in  volume  of  oil  due  to  temperature  changes 
take  place  entirely  within  the  conservator. 
This  arrangement  prevents  the  condensation 
of  any  moisture  within  the  transformer  and 


Fig.  5.      1500-kw.,  3000-volt,  Direct-current  Motor-generator  Set.      Three  of  these  are  being  installed  in  the  Louv 


tective  resistance  and  then  opens  the  line 
contactor.  The  action  is  very  rapid  so  that 
the  possibility  of  damage  is  reduced  to  a 
minimum.  Breakers  of  a  similar  type  are  in 
Hon  in  many  parts  of  the  United  States 
both  on  locomotives  and  in  substations. 

'fable  I  gives  the  dimensions,  capacity, 
and  weights  of  both  the  freight  and  passenger 
locomotives. 

SUBSTATIONS 

For  the  initial  electric  zone  between 
Jundiahy  and  Campinas,  one  substation  is 
being  installed  located  at  Louveira  a  distance 
of  15.3  km.  (9.5  miles)  from  Jundiahy.  This 
station  contains  three  1500-kw.  3-unit  syn- 
chronous mo  is,  each  arranged 

erii     Eor  3000 

volts.     Power  is  received  from  an  88,000-volt 

cle  transmission  line  and  stepped  down 


such  condensation  as  may  occur  in  the  con- 
servator is  collected  in  a  sump,  is  indicated  on 
a  gage  glass,  and  may  readily  be  drawn  off 
through  a  pet  cock.  Since  there  is  no  air  in 
the  main  tank  above  the  oil,  there  is  no 
possibility  of  explosion  due  to  ignition  of  cases 
formed  from  hot  oil.  The  guaranteed  effi- 
ciency of  these  units  at  normal  load  is  98.3 
per  cent. 

Four  2x/i  per  cent  taps  are  provided  in  the 
low-voltage  winding  to  compensate  for  varia- 
tion in  the  transmission  line  voltage  and  .">(J 
per  cent  starting  taps  are  also  provided  for 
starting  the  motor-generator  sets. 

Motor-generators 

The  motor-generator  sets  are  especially 
adapted  to  handling  heavy  railroad  service 
and  are  substantially  similar  to  those  fur- 
nished   for   heavy    electric   railroad    work    in 
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the  United  States.  The  generators  are  de- 
signed for  1500  volts  per  commutator  and  are 
permanently  connected  in  scries  for  3000- 
volt  operation.  They  are  separately  excited 
from  a  125-volt  direct -current  exciter  mounted 
at  one  end  of  the  set.  The  series  field  is 
designed  to  provide  flat  compounding  from 
no  load  to  150  per  cent  load.  They  are  equip- 
ped with  commutating  poles  and  compensated 
pole-face  windings  to  insure  sparkless  com- 
mutation at  all  loads.  A  load  of  three  times 
normal  rating  can  be  carried  for  five  minutes 
without  injury.  Under  tests  made  before 
shipment,  loads  from  five  to  six  times  normal 
were  carried   without   sparking.      All   of  the 


is  designed   for   inverted    operation    to   take 
care  of  reverse  power  in  cases  of  re 

Switchboard 

The  switchboard  is  similar  in  design  to 
those  for  other  3000-volt  direct-currenl  equip- 
ment. The  3000-volt  panels  are  installed 
together  with  the  auxiliary  station  lighting 
panel.  There  is  one  high-voltage  panel  for 
each  motor-generator  set,  and  one  for  each 
outgoing  feeder.  The  main  circuit  breakers 
are  located  above  and  to  the  rear  of  the 
switchboard  panels  SO  as  to  be  well  out  of 
reach  to  prevent  accidental  contact.  Thej 
are  remotely  controlled  from  operating  levers 


TABLE  I 
DATA   ON   ELECTRIC    LOCOMOTIVES  FOR   PAULISTA   RAILWAY 


Type  Locomotive 


Length  overall 

Width 

Height  overall  with  trolley  down 

Total  wheel  base 

Rigid  wheel  base - 

Total  weight... 

Weight  on  drivers 

Weight  per  driving  axle 

Weight  per  guiding  axle 

Weight  of  mechanical  equip 

Weight  of  electrical  equip 

Diameter  of  drivers 

Diameter  of  guiding  wheel- 

No.  motors - - 

Gear  ratio 

Total  continuous  rating,  h.p 

Total  (1  hr.  rating)  h.p 

Tractive  effort  cont - 

Tractive  effort  1  hr 

Speed  continuous  rating,  m.p.h.-- 

Speed  1  hour  rating,  m.p.h. 

Maximum  safe  speed 

Tractive  effort,  30  per  cent  coef.  adh 


39  ft.  2  in. 

55  ft.  0  in. 

10  ft.  1  \i   in. 

It)  ft.  1  M   in. 

14  ft.  3  in. 

14  ft.  3  in. 

26  ft.  8  in. 

16  n.  o  in. 

8  ft.  8  in. 

7  ft.  9  in 

200,00(1  lb. 

210,000  lb. 

200,000  lb. 

160,000  lb. 

50,000  lb. 

10,000  lb. 

None 

20.000  lb. 

115,400  lb. 

155,400  lb. 

84,600  lb. 

84,000  lb. 

42  in. 

42  in. 

36  in. 

4 

4 

82  IS 

70  30 

L600 

1600 

1680 

1680 

28,820  lb. 

14,720  lb. 

30,600  lb. 

15,680  lb. 

21  134. km.) 

41.25  oiii. 4  km.) 

20.8  (33.5  km.) 

40.5  (65  km.) 

28  (45  km.) 

53  (85  km.) 

60,000  lb. 

48,000  lb. 

fields  of  both  generators  are  connected  to  the 
low  side  to  reduce  the  possibility  of  injury 
from  high  voltage.  A  simple  form  of  flash 
barrier  is  provided  for  the  commutators  simi- 
lar to  that  supplied  on  other  high-voltage 
direct-current  machines. 

The  synchronous  motor  is  excited  from  a 
second  125-volt  exciter  direct  connected  to  the 
opposite  end  of  the  set.  This  exciter  carries 
a  compound  winding  excited  from  the  main 
3000-volt  conductor  so  that  the  motor  field 
excitation  varies  in  proportion  to  the  load 
on  the  set.  This  provides  for  the  proper 
excitation  to  give  correct  power-factor  with 
varying  loads  and  also  insures  stable  opera- 
tion under  heavy  overloads.     The  equipment 


located  on  the  front  of  the  panels.  A  3000- 
volt  line  switch  is  also  included  with  each 
circuit  breaker.  These  switches  are  also 
remote  controlled  from  the  front  of  the  panel, 
as  a  safety  measure.  The  switch  handles  for 
the  circuit  breakers  are  inverted  to  dis- 
tinguish them  from  the  line  switches.  The 
alternating-current  switchboard  is  electrically 
controlled  throughout.  For  lightning  pro- 
tection a  96,000-volt  aluminum-cell  arrester 
is  installed  in  the  high-tension  room  of  the 
station. 

As  a  protection  against  short  circuits  and 
excessive  overloads  a  high-speed  circuit  break- 
er is  installed  with  each  motor-generator  set. 
This  is  connected  to  the  negative  terminal  of 
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the  machine  and   is  arranged   to  connect  a 
limiting    resistan  e    circuit    upon 

opening.     At  the  same  time  the  station  cir- 
cuit bi  mpletely  cutting 

■  er  supply.     The  sp<  i 
circuit     breakers     is     such     that     resi 
is  inserted    in    the    circuit    b  short 

circuit   current   reaches  a   value  sufficient   to 
injure  the  apparatus.     Other  auxiliary  equip- 


duplicate  circuits  mounted  on  separate  wood 
poles    betwe  and    Louveira,    a 

distance  of  16  km.  (10  miles).  At 
Jundiahy  this  line  is  permanently  tied  in 
with  a  new  line  constructed  by  the  Sao 
Paulo    Light   &   Power  Co.,  extending  a  dis- 

of    about    27    km.    (17    mil 
hydro-  ation    ai     Parnahyba.      The 

Power  Company's  line  is  constructed  with  an 


Electrically  Operated  Swit 
Incoming  Alternating 


3000-volt,    Direct-current     Switchboard    with    Ma 
Circuit  Breakers  Above 


ment  supplied  to  the  station  includes  a  15- 
ton  hand-operated  crane,  a  portable  oil  filter 
press  and  oil  testing  equipment,  and  a  station- 
ary compressor  set.  For  control  current  a 
l:i4-kw.  battery  charging  motor-generator  set 
is  used  with  a  170-volt  storage  battery. 

HIGH-TENSION  TRANSMISSION  LINE 
The    Railway      Company's      high-tension 
transmission  line  has  been  constructed  with 


H-type  pole  line  carrying  the  duplicate  cir- 
cuits. This  transmission  line  from  the  water- 
power  plant  to  the  substation  will  thus  be 
operated  over  a  distance  of  43  km.  (27 
miles)  as  a  single  system  at  88,000  volts,  3 
phase,  60  cycles.  The  line  is  designed  for 
ultimately  supplying  three  substations  and 
the  conductors  are  of  1  0  B.&S.  stranded 
copper  which  will  insure  a  very  low  line  loss 
under    ordinary    operating    conditions.      On 
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the  Railway  Company's  line  two  cross  amis 
are  used  with  large  pin  type  insulators,  A 
ground  wire  is  also  carried  on  each  trans- 
mission  line   for  lightning   protection. 

SECONDARY    DISTRIBUTION 

The  overhead  line  construction  is  of  the 
same  general  design  as  that  used  on  the 
Chicago,  Milwaukee  &  St.  Paul  Railway. 
This  is  known  as  the  twin  catenary  con- 
struction having  two  4/0  trolley  wires  sup- 
ported from  the  same  steel  messenger  by 
loop  hangers.  Wood  poles  suitably  guyed  are 
used  for  supporting  the  catenary.  The 
hangers  for  the  two  contact  wires  are  attached 
at  alternate  points  thereby  giving  a  most 
flexible  type  of  construction  and  insuring  the 
elimination  of  all  "hard  spots."  The  use  of 
the  twin  catenary  construction  is  partic- 
ularly successful  for  lines  operating  heavy 
trains  requiring  the  collection  of  large  amounts 
of  current  through  pantograph  trolleys.  In 
addition  to  the  advantages  of  the  two  con- 
tact wires  for  handling  the  current  required, 
this  construction  also  insures  practically 
sparkless  commutation  at  the  point  of  con- 
tact, both  for  heavy  freight  and  high-speed 
passenger  operation. 

Bracket  supports  are  used  on  single-track 
construction  and  cross  span  for  multiple- 
track  work.  The  normal  height  of  the  con- 
tact wire  is  21  ft.  above  the  rail.  For  all 
sidings  and  yard  tracks  a  single  wire  is  used 
over  each  track. 

LOCOMOTIVE  TESTING  AND  SHIPMENT 

In  the  preparation  of  the  electric  loco- 
motives for  testing  and  for  export  shipment 
there  are  a  number  of  unusual  features  which 


maj   be  of  interest.     The  track  gauge  on  the 
Paulista     Railway    heme,    63    inches,    i  p 
arrangement!    were   necessary  to  provide  for 
removing  the  locomotives  from  the  shop  ' 

test  track  ami  oilier  arrangements  were  nei  e 
saiy  to  provide  the  necessary  test  track.  For 
this  purpose  aboul  one  mile  of  extra  rail  was 
laid  on  tii,.  East  Erie  Commercial  Railroad 
with  63-in  gauge  In  order  to  transport  the 
locomotives  from  the  shops  to  this  track,  a 
distance  of  aboul  three-quarters  of  a  mile, 
special  transfer  trucks  were  used;  one  for 
each  truck  of  the  locomotive.  By  means  of 
these  trucks,  which  operate  on  their  own 
wheels  of  standard  gauge,  the  locomol 
were  moved  out  over  the  usual  transfer  table 
and  standard  gauge  track  to  the  special 
gauge  section  provided  for  testing.  Upon 
reaching  this  section  they  were  moved  ofl  the 
transfer  trucks  over  a  ramp,  the  end  of  which 
was  elevated  to  the  same  height  as  the  special 
trucks. 

A  complete  set  of  tests  is  run  on  all  loco- 
motives including  regenerative  braking  and 
high-speed  running.  After  test  the  loco- 
motives are  disassembled  and  prepared  for 
export  shipment.  The  cab  complete  is 
removed  from  the  truck  and  the  pantograph, 
bells,  etc.,  removed  from  the  cab  roof.  Each 
truck  is  shipped  separately  without  removing 
the  motors  from  the  truck  frame.  In  the 
case  of  the  passenger  locomotive,  each  bogie 
truck  is  shipped  with  the  adjacent  motor 
truck  without  disassembling.  'In  account  of 
the  large  vessels  available  for  making  this 
shipment  it  was  not  necessary  to  reduce  the 
locomotive  to  such  small  packages  as  was 
the  case  with  the  Bethlehem,  Chile  Iron 
Mines  Co.  locomotives. 
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Industrial  Applications  of  Local  Heating  with  the 

Pyrotip 

By  E   A    Wagner 
Fori  Wayni  Works,  General  Electric  Company 

ibed  in  this  article  provides  a  ready  means  oi  lo<  allj  applying  heat  in  many  manu- 
processes.    The  heat  is  generated  at  the  tip  of  a  carbon  rod  and  is  transmitted  bj  con- 
to  the  material  which  it  is  desired  to  heat;  ii  is  produced  by  the  resistance  of  the  carbon   tip  to  the 
i  of  the  electric  current  and  not  by  the  formation  of  an  arc,  as  the  voltage  is  not  sufficiently  high  to 

generate  an    in       Tl  ip  permits  of  exact  application  of  the  heat.     The  temperature  can  1 n 

irollcd  to  suit  the  requirements  by  adjusting  the  length  of  the  carbon  rod  between  tip  and  holder.      The  more 
ti  ited.-   Editor. 


In  practically  every  line  of  manufacture 
some  means  of  local  heating  is  required  for 
various  operations.  The  most  common  form 
is  the  gas  flame,  using  illuminating  gas  with 
or  without  compressed  air.  In  fine  work,  as 
in  jeweler  shops,  the  alcohol  lamp  and  blow 
torch  are  used.  For  portable  work  the 
no  blow  torch  is  commonly  used.     For 


flames  or  illuminating  gas,  enriched  with 
oxygen,  are  most  commonly  used.  These 
methods  require  the  shipment  of  gas  tanks 
and  the  maintenance  of  one  or  more  tanks 
in  reserve.  They  are  objectionable  on  account 
of  the  open  flame,  which  always  is  a  fire  and 
explosion  hazard.  Also  the  flame  must  be 
kept  going  when  the  operator  is  busy,  so  that 


Fig.  1.     The  Pyrotip — A  Low  Voltage  Transformer  for  Applying  High  Temperatures  Locally 


more  intense  heat  the  oxy-acetylene  flame 
is  employed,  as  well  as  the  electric  arc,  using 
either  carbon  or  metallic  electrodes. 

A  convenient  and  economical  method  of 
local  heating  is  obtained  by  using  the  Pyrotip, 
Fig.  1 .  which  is  the  trade  name  given  to  a  low 
voltage  transformer  that  has  been  specially 
designed  for  work  of  this  nature.  The  second- 
ary oi  the  transformer  furnishes  sufficient 
current  to  quickly  heat  up  the  point  of  an 
ordinary  :'s-in.  carbon  rod.  The  voltage  is 
si  i  low  that  an  are  cannot  be  drawn,  but  the 
temperature  of  the  carbon  point  can  be  varied 
through  a  wide  range  by  simply  altering  the 
amount  of  contact  surface  at  the  end  of  the 
carl»  hi. 

The  most  evident  field  for  this  device  is  in 
the  melting  or  joining  of  lead  parts  or  ter- 
minals of  storage  flatteries.  Lead,  unless  a 
clean  surface  is  obtained,  cannot  be  readily 
melted  with   a  soldering  copper.     Acetylene 


only  a  small  portion  of  the  consumed  gas  is 
actually  utilized  in  performing  work. 

With  the  Pyrotip  current  is  used  only  when 
the  operator  is  doing  work,  as  the  current  in 
the  secondary  is  automatically  cut  off  when 
the  carbon  tip  is  lifted  from  the  work. 

Fig.  2  illustrates  the  binding  post  of  a 
storage  battery,  ready  to  be  built  up,  and 
Fig.  .'i  shows  the  same  post  after  it  has  been 
built  up,  using  the  Pyrotip.  One  end  of  the 
secondary  is  grounded,  and  the  operator  holds 
the  other  end  of  the  secondary,  connected  to  a 
carbon  electrode  which  he  applies  to  the  work. 

In  the  construction  shown  there  is  little  or 
no  danger  to  the  operator  from  burning  the 
eyes,  as  the  operator  when  trained  will  avoid 
looking  directly  at  the  hot  point.  By  work- 
ing back  of  the  carbon  the  eyes  are  shielded. 
Dark  glasses  are  desirable  in  this  work, 
although  not  so  essential  as  with  other  forms 
of  local  heating,  due  to  the  ease  with  which 
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the  eyes  can  be  protected  by  properly  manip- 
ulating the  holder. 

The  convenience  of  the  portable  equipment 
is  illustrated  in  Fig.  4.  It  will  be  noted  that 
the  Pyrotip  is  carried  and  placed  on  a  chair, 
and  the  operator  is  repairing  the  post  in  the 
battery  while  it  still  remains  in  the  car. 
Operators  have  found  the  portability  of  the 
device  of  considerable  value  and  convenience. 

In  jewelry  stores  a  considerable  amount  of 
silver  soldering  is  required  in  repairing  broken 
silver  spoons,  gold  rings,  etc.  The  Pyrotip, 
utilizing  a  split  or  forked  carbon  electrode, 
is  readily  used.  In  this  same  line  of  work 
they  have  frequent  need  to  melt  down  pieces 
of  gold,  silver,  or  platinum.  The  platinum 
works  down  in  relatively  small  quantities, 
and  it  only  takes  a  few  seconds  to  melt 
down  the  platinum,  whereas  the  gas  ordi- 
narily available  requires  a  considerable  length 
of  time.  It  is  also  a  simple  proposition  to 
utilize  the  same  combination  to  melt  down 
pieces  of  gold  or  silver  from  watch  cases, 
putting  them  in  small  ingot  form. 

In  the  same  way  dentists  can  utilize  the 
device  for  melting  down  old  gold  fillings, 
bringing  them  back  to  shape  so  that  they  can 
be  used  over  again. 

In  a  large  manufacturing  establishment  a 
series  of  dangerous  explosions  of  gasoline 
blow-torches  used  by  the  electrical  wiremen 
resulted  in  the  disposal  of  the  blow-torches 


Figs.    2    and   3.      Binding   Post   of  Storage   Battery   Before  and 
After  Being  Built  Up  by  Pyrotip 

and  the  adoption  of  the  Pyrotip.  The  work- 
men find  they  can  do  soldering  more  safely 
and  quickly  than  with  the  old  method. 
Matches  are  never  required,  and  it  is  never 
necessary  to  go  after  gasoline  or  other  fuel. 


■  In  an]  otip   will  be 

found  of  value  in  recovering  hack  saw  bl; 
Hack  saws  frequently  break  one  or  two  inches 
from  the  end.     It  takes  less  than  a  minute  to 
burn  a  suitable  hole  at  the  !< 
ing  a  :  horter  blade  wine],  ran  be  u  ;ed  in  an 
adjustable  frame.     Pig.  5. 


Fig.  4.      Application  of  Pyrotip  to  the  Repair  of  Vehicle  Battc 
The  portability  and  general  convenience  of  this  device 
are  valuable  features  for  service  of  this  tort 


Fig.    5.      Reclaii 


tith   the   Pyrotip 


In  direct  soldering,  the  hot  point  of  the 
carbon  tends  to  burn  the  tin  in  the  solder. 
This  does  not  happen  where  the  solder  is 
melted  by  the  heating  of  an  adjacent  or  inter- 
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ermiri 

dering 
into  terminals. 
ring   work 

opper  without   any 


tip,  which  i       ecessai      for  melting  solder,  is 
an  excessively  high  tempera- 
tun    and  burnt,  as  happens  so  readily  when 
tig  with  a  gas  flame 
The  actual   temperature  control,  specially 
ad  burning,  is  easily  accomplished  by 


Fig.  6.      Use  of  the  Pyrotip  for  Soldering  Cables  and  Terminals 

attachment  or  as  a  detached  heated  copper, 
that  is,  where  cable  attachment  is  undesirable, 
the  Pyrotip  can  be  easily  used,  making  use  of 
the  same  principle  of  heating  the  soldering 
copper  from  the  hot  carbon  point.  Fig.  7 
an  ordinary  soldering  iron  being  heated 
svithoul  any  cable  connections  to  the  solder- 


Fig.   7.     Heating  a  Soldering  Iron  with  the  Pyrotip 

altering  the  depth  of  submersion  or  surface 
ci  mi 'act  at  the  carbon  tip. 

The  point  of  the  carbon,  which  is  submerged 
in  the  lead,  assumes  approximately  the  tem- 
I  lerature  of  the  lead  itself,  which  is  only  a  little 
above  the  melting  point  of  lead,  326  di 
Melting    lead    is    difficult    to    superheat    until 


Figs.  8,9  and  10.      Sho 


i  the  Application  of  the  Pyrotip  to  Lead  Burning  for  Storage  Battery  Work 


ipper.      It   requires  about   two  minutes 

ing  a  heavy  five-pound  soldering  copper 

■   suitable   temperature  for  use.      For  a 

smaller    iron,     less    time    will     be    required. 

Small    irons    are  or    such    work    as 

heavier  irons  for  work  like 

tank   work,    or    for   washing   machine    tanks. 

For  these  combinations  it  is  not  necessary  to 

purchase  special  soldering  coppi  r        One  big 

advan  method  is  that  the 


the  entire  body  has  been  melted.  Just  above 
the  surface  of  the  lead  the  carbon  is  much 
hotter.  By  comparison  with  a  color  chart  it 
was  found  that  with  the  point  of  the  carbon 
,5  in.  in  lead,  the  temperature  of 
the  carbon  just  above  the  surface  is  about 
12 leg.  C.  (Fig.  8. 1  This  temperature  be- 
comes gradually  lower,  but  is  not  much  below 
1200  deg.  C,  ]i  in.  back  from  the  surface  of 
tin1  lead.     (Fig.  '•'  )     When  the  carbon  is  sub- 
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merged  Yi'va..  the  maximum  temperature  of  the 
carbon  just  above  the  surface  of  the  lead  is  71 II I 
deg.  C.  (Fig.  LO).  The  greater  energy  pul  into 
the  lead  under  these  conditions  is  dissipated 
without  leaving  a  high  temperature  becau  ie 
of  the  greater  contact  surface  between  the 
carbon  and  the  lead.  It  permits  the  lead  to 
carry  off  the  heat  and  radiate  it  more  rapidly. 
Probably  under  these  conditions  the  lead  i 
melted  somewhat  more  rapidly,  but  not 
nearly  in  proportion  to  the  amount  of  energy 
put  in. 

An  incidental  use  of  the  Pyrotip  for  ma- 
chine shop  and  tool  room  work  is  for  the  mark- 
ing of  tools,  using  a  copper  electrode.  Tool, 
are  frequently  marked  by  means  of  the  acid 
or  etching  process,  which  requires  consider- 


able nine.     A  coppi  r  pi  .    

the    carbon    tip    with    a    suitabli 
ballai  •      ...         ! 
quickl}  and  permanently. 

From   the  description   of   the  de    !.  e   i!    will 
an  be  used  to  ad1 
local     heating     in 

stal electrical    repair  simps,    pow<  i 

i  ion:    i  in  shops,  radiati  >i  repaii    tiops,  jewelry 
tool  room:-,  machine  at  a 

considerable   saving    in    1 1 i    i it-rial 

and  labor,  and   with   increased   coi no 

It  is  possible  for  new  operators,  alter  a 
short  experience,  to  become  quifa     killful,  and 
in  various  operations  to  exceed   the  quality 
and  speed  of  the    ame  w<  >rl     Ion    b 
of  the  gas  torches. 


Electric  Applications  in  the  Logging  Industry 
of  the  Northwest 

By  E.  P.  Whitney 

Portland  Office,  General  Electric  Company 

The  application  of  electric  power  to  the  logging  industry  is  comparativelj    m  w,  bill   the  inhi  ren 
tages  of  electric  drive  will  lead  to  the  rapid  extension  of  its  use,  if  the  cost  of  pi  to  be  k<  pi  do 

reasonable  figures.  The  author  gives  statistics  to  prove  the  need  of  reducing  the  cost  of  produi  tion  and  analyzes 
these  figures  to  show  some  of  the  savings  that,  may  be  expected  by  electrification.  He  concludes  hi:  artii  li 
with  some  notes  on  the  electrical  operation  of  the  Snoqualmie  Falls  Lumber  Company.  -Edi  roR. 


The  logging  industry  began  in  the  North- 
west in  1846,  before  the  days  of  the  electric 
motor,  and  when  steam-driven  machinery 
was  not  available  in  that  region.  The  pioneers 
were  handicapped  by  the  lack  of  transporta- 
tion facilities,  having  to  depend  upon  man  and 
animal  power  alone.  These  conditions  im- 
posed serious  limitations  on  the  distances 
over  which  logs  could  be  hauled,  as  their 
average  size  was  larger  than  the  timber  i  if 
the  Middlewest  and  South. 

These  limitations  confined  logging  opera- 
tion to  areas  near  the  mills  or  to  localities 
where  steam  or  water  transportation  was 
available.  Sometimes  the  mills  were  made 
portable  so  that  they  could  be  moved  to  the 
supply  of  commercially  logable  timber. 
Such  timber  was  limited,  and  the  available 
supply  gradually  became  more  remote  fr<  >m 
the  mills.  This  led  to  the  introduction  of 
power  logging  machinery  to  maintain  the 
balance  between  the  cost  of  production  and 
the  prevailing  market  price. 

The  first  steam  logging  engines  were 
pigmies  compared  with  the  modern  two- 
speed  "yarder,"  capable  of  returning  the 
empty  line  from  the  landing  to  the  woods  at 
a  rate   of  about   2500   ft.    per  min.,   and  of 


hauling  logs  back  at  about  1500  ft.  per  min. 
These  logs  are  sometimes  full  length  trees.  Such 
speeds  and  powers  are  required  because  oi  the 
ever  present  racebel  ween  producl  ion  and ci 

Present  Standing  Timber 

It  is  estimated  that,  to  dale.  129,000,000,- 
000  ft.  log  scale  have  been  enl  in  loj 
in  the  States  of  Oregon  and  Washington. 
This  timber  occupied  4,330,000  acres.  There 
remains  in  Oregon  and  Washington  30,575,000 
acres  of  commercial  mature  timber,  including 
public  and  private  hi  tidings  i  m  which  the  stand  is 
745,000,000,000  ft.  log  scale  of  mature  timber. 
About  58  per  cent  of  this  is  privately  owned. 

The  present  rale  of  cutting  in  these  two 
states  is  about  7;;i  billion  feel  log  scale  per 
year,  which  denude.  260,000  acres  of  tun  In  red 
land  annually. 

As  other  sections  of  the  country  are  cutting 
out  their  available  timber  supplies,  pro- 
duction in  the  Northwestern  states  is  on  the 
increase,  so  that  each  year  sees  the  available 
timber  stands  recede  farther  and  farther  from 
today's  transportation  facilities.  This  re- 
quires elaborate  and  comprehensive  log 
operations  to  remove  the  logs  from  the 
of  their  growth  to  the  markel 
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State 
Province 

Number 

of 

Operations 

Number  of 
Logging 
Railroads 

Miles  of 
Logging 
Track 

Number 

of 

Locomotives 

Logging 
Engines 

Number 
of  Men 
Empl(    - 

Washington 

Oregon 

259 
150 

67 

33 

14 

6 

8 

1 

135 

203 
93 
52 

12 
8 
5 
5 
1 

52 

1864 
930 
739 
213 

75 
138 

112 

32 

474 

420 

220 

153 

■17 

16 

13 

18 

4 

96 

1704 
814 
445 

13 

2 

I) 

5 

431 

i:;',-i7'.» 
11,888 
5,712 
2,015 

600 

15(1 
10,04  l 

New  Mexico 

Nevada 

British  Columbia 

Total 

538 

431 

4577 

987 

3502 

73,958 

Magnitude  of  the  Northwest  Logging  Industry 

Some  idea  of  the  magnitude  of  these 
undertakings  may  be  obtained  from  Table  I, 
a  tabulation  of  recent  statistics  which  covers 
538  logging  operations  in  the  Pacific  Coast 
States.  It  does  not  purport  to  be  a  complete 
compilation    of    all    operations. 

Operating  Costs 

Logging  operating  costs  representative  of 
1920  conditions  are  divided  as  shown  in 
Table  II. 

TABLE  II 

Per  Cent 
Division  of  Logging  Operations  Cost 

Falling  and  bucking 11 

Yarding  and  loading   24 

Railroad  and  transportation 26.5 

Rafting,    booming,    dumping,    and    towing 

boom  sticks 4.5 

Total  operating  cost 66 

General  and  fixed  expense 17 

Stumpage 1  i 

Total  cost 100 

Yarding  and  loading  make  up  about  29 
per  cent  of  the  total  operating  cost,  neglecting 
stumpage,  and  are  divided  somewhat  as 
shown  in  Table  III. 

TABLE   III 

Per  Cent 

Yarding  and  Logging  Operations  Cost 

Labor  (including   labor  in  fuel  handling)  .  .  .  16.6 

Repairs 2.0 

Fuel 1.2 

Rigging  trees 2.0 

Haulage  rope 

Supplies 2.3 

Yarding    and    loading  (per  cent  total) 

operating   cost ) 29.0 

Adding  percentage  of  fixed  charges  and 
general  expense  chargeable  to  yarding 
and  loading  (neglecting  stumpage  I  ....  6.9 

Total  yarding  and  loading  (per  cent  total 

logging  cost,  excluding  stumpage)  .  .  .        35.9 


Stumpage  costs  are  omitted  in  Table  III 
because  they  are  practically  independenl  of 
the  operating  costs.  Interest  on  the  timber 
investment  and  timber  carrying  charges  are 
included  in  stumpage.  The  item  of  fuel 
covers  its  value  alone,  and  does  not  include 
the  labor  incidental  to  handling.  Water  cosl 
for  logging  engines  is  included  under  general 
expense.  These  segregations  are  not  b\ 
means  ideal,  but  will  answer  for  the  purpose 
in  hand. 

Yarding  and  loading  costs  are  the  most 
important  among  the  total  operating  costs, 
being  equalled  only  by  the  railroad  and  trans- 
portation cost.  The  items  entering  into  yard- 
ing and  loading  costs  are  greatly  affected  by 
any  scheme  which  will  make  labor  more 
productive,  reduce  repair,  supply,  and  auxil- 
iary material  costs,  reduce  depreciation  and 
eliminate  fuel  and  water  costs.  This,  then, 
was  the  most  logical  place  to  begin  the 
electrification  of  logging  operations.  The 
return,  per  unit  of  additional  investment 
required,  would  apparently  be  greater  for  this 
part  of  the  logging  scheme  than  for  any 
other  single  division  of  the  work. 

Of  late,  high  fuel  and  labor  costs  have  also 
directed  attention  to  electrification  of  the 
logging  railway.  Should  present  fuel  costs 
hold  or  advance,  the  saving  which  could  be 
effected  by  operating  logging  railways  with 
electric  power  is  equally  as  large  as  for  yard- 
ing and  loading. 

Water  Supply  for  Steam  Logging  Engines 

The  obtaining  of  a  water  supply  is  often  a 
very  serious  problem,  and  in  every  case 
requires  an  elaborate  pumping  and  dis- 
tributing system.  Pumping  stations,  in  turn, 
require  attendance,  a  regular  fuel  supply  and 
periodic  inspection  and  repair.  Should  a 
pumping  station  fail  for  any  reason,  the  log 
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g   upon    it   are   forced 

;    repairs,    n 

■  '       Other 

souro  i    la  >le      Such 

are  usually  small  or  of  moderate  capacil  y  with 

high    heads,    pumping    fair  distance 

-         They  must  be  semi- 
hat  theyn  ed  from  time 
ing    locations   may    require. 
Thr  r                       elusion,  1  herefore,  is  that 
are  no1  eo  mi  rmical  power  users, 
and  are  expen  i   e  to  operate  and  maintain. 
The  water  distribution  system  is  more  or 
less  complex  and  extensive,  depending  upon 

bilil  y    of    suitable    water    si  iu 
In    winter    exposed    distribution    mains    are 


from  ilie  actual  ease,  for  rotten,  shattered 
or  knotty  log  do  noi  saw  and  split  easily. 
'  do  no1  Imrn  as  regularly  as  sound 
split  wood,  and  therefore  make  firing  more 
difficult  and  low  steam  pressure  a  more  fre- 
quent occurrence.  We  therefore  usually 
see  the  choicest  of  No.  1  logs  being  split  up 
for  fuel. 

The  actual  value  of  the  wood  burned  there- 
fore includes: 

i  1  )  Stumpage  value 

(2)  Falling  and  bucking  costs 

(3)  Warding   cost    plus    the   extra   cost   of 

placing  in  position  for  bucking 

(4)  Labor  of  wood  buckers 

(5)  Cost  of  bucking  supplies  and  materials 


Four-drum  Duplex  Loading  Machine  for  Logging  Oper 
Snoqualmie  Falls  Lumber  Company 


subject  to  freezing,  the  alternative  being  to 
bury  the  main  lines  below  the  frost  depth. 
It  is  variously  estimated  that  water  supply 
to  the  logging  engines  costs  from  in  to  25 
per  thousand  feet  log  scale.  Available 
operating  records  show  that  few  loggers  have 
so  favorable  a  location  as  to  reach  the  lower 

Wood  Fuel  for  Steam  Logging  Engines 

The  item  of  fuel  requires  more  comment. 
Steam  logging  engines  burn  either  split  wood 
fuel  or  crude  oil.  A  suitable  log  is  selected 
from  the  fallen  timber,  hauled  to  the  landing, 
and  then  swung  into  a  convenient  place  for 
splitting  mar  the  engine.  It  requires  more 
labor  to  place  a  log  to  be  cut  for  fuel  than  to 
yard  logs  in  normal  operation.  The  logging 
engine  is  unproductive  during  this  time,  and 

the    entire    w Is    crew    is    doing   no    useful 

work. 

The    value    of    the    log    itself    is    usually 

ted   in   keeping  cost  records.     Loggers 

thai     valueless    rotten    or    shattered 

logs  are  used   for  this   purpose.      This  is  far 


(til   Labor  of  fireman 

(7)  Profit  which  would  have  resulted  from 
the  sale  of  the  log 

Taking  all  of  these  items  into  consideration, 
one  is  forced  to  the  conclusion  that  wood,  as 
commonly  supplied  to  logging  engines,  is  an 
extremely  expensive  fuel. 

From  the  point  of  view  of  conservation,  the 
use  of  merchantable  logs  for  fuel  means  the 
destruction  of  a  natural  resource  that  cannot 
be  replaced  or  compensated  for. 

One  extensive  logging  operation  alone  has 
come  to  the  writer's  attention,  which  in  1919 
burned  approximately  9,000,000  ft.  log  scale 
in  its  logging  engines.  This  concern  has  a 
yearly  average  output  of  about  110,001 1,1  II  i<  i  ft . 
in  its  mills,  and  assuming  only  one-half  the 
fuel  burned  to  have  been  merchantable  logs, 
we  still  see  that  about  4  per  cent  of  its  yearly 
production  was  wasted  beyond  recall.  Its 
operation  has  been  going  on  for  some  fifteen 
years,  and  the  timber  holdings  assure  opera- 
tions for  twenty  years  to  come.  If  the  same 
ratio  maintains,  this  one  company  will  have 
destroyed    natural    resources    i  which    in    the 
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particular  case  in  question  are  passing  only 
too  fast  and  can  never  be  replaced)  equal  to 
about  one  and  one-half  years  continuous 
operation  of  their  property.  No  one  has 
derived  the  benefits  that  should  have  accrued 
from  this  timber. 

Wood  fuel  for  logging  is  an  expensive 
luxury,  and  is  justified  only  when  it  is  the 
sole  source  of  energy  commercially  available. 


■  ice  in 
the  'v  and  tin-  nil  com} 

rio1   been  in  a  position  to  pr<  mei 

ipplj     I.     com  rai 
future   requirements.      Pun  I 
fore  made  in  the  open   marl  -  I       This  is  an 
unsatisfactory    condition,    because    a 
musl    be  a    ured  of  a   regular  fuel  supp 
order  to  plan  operat  ions  economical!) .     The 


k 

'. 


"**> 


Use    of    Tree   Trunk    for    Handling    the    Yarder    and    Hoisting 

Cables  for  Hauling  in  Logs  and  Loading  Them  on 

Railroad  Cars 

Oil  Fuel  for  Steam  Logging  Engines 

The  use  of  oil  fuel  conserves  the  timber 
holdings.  It  eliminates  the  labor  of  wood 
buckers  and  firemen,  and  permits  even  firing 
and  quick  response  to  heavy  load  demands. 
It  requires  central  storage,  tank  facilities,  a 
system  of  distribution  to  the  logging  engines 
and  moderate  storage  capacity  at  the  logging 
engines.  The  other  item  of  expense  for  oil  is 
the  cost  of  the  fuel  itself. 

The  total  cost,  using  oil  fuel,  is  usually 
considered  to  be  slightly  less  than  for  wood 
fuel,  but  the  fact  that  the  use  of  oil  and  w<  ><  id 
is  so  evenly  divided  among  present  operations 
indicates  that  local  conditions  are  the  deter- 
mining factor. 

The  last  year  has  seen  a  serious  curtail- 
ment of  crude  fuel  oil  supplies,  and  a  very 
large  increase  in  its  price.      Up  to  the  present 


Arrangement     of    Outdoor    Transformer    Equipment,  Showing 
Method  of  Mounting  on  Sled  and  Location  Near 
Railroad  Tracks 

users  of  oil  fuel  will  therefore  face  an  unsatis- 
factory condition  until  the  situation  materi- 
ally improves. 

Electric  Power  for  Logging  Outfits 

Electric  installations  have  shown  that 
operating  speeds  are  maintained  more  closely 
throughout  the  period  of  haul-in  than  with 
steam.  The  available  operating  tune  is  also 
increased.  Repairs,  adjustments,  inspection, 
and  periodic  overhaul  are  greatly  reduced. 
Sled  vibration  is  reduced  to  a  minimum,  and 
sled  life  is  correspondingly  increased.  Oper- 
ating supplies  for  the  engines  and  boilers  are 
eliminated,  and  the  indications  are  that 
haulage  rope  and  rigging  equipment  are 
subjected  to  smaller  periodic  maximum  strains 
and  their  useful  life  prolonged.  The  useful 
life  of  the  machine  equipment  is  materially 
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length      d 

i    hazard,  due 
vood    is  reduced 

Electi  uires: 

ric  energy;  viz.,  avail- 
,     eigl  boring 

tati  in   reason- 
ing scene 


this  log  will  give  approximately  1150  ft. 
board  measure  (assuming  15  per  cent  over- 
nun  which  when  green  will  weigh  from  3400 
to  38001b. 

The  lowers  and  mill  operators  naturally 
do  not  wish  to  haul  this  excess  log  weight 
any  farther  than  necessary,  particularly  if  a 
part  of  the  haul  thus!  lie  outside  their  pri- 
owned  railways.  So  tin-  sawmill  is 
located  as  near  the  timber  as  appears  to  be 


Electric  Yarder  In 


Potlatch  Lumber  Company.  Elk  River,  Id 


2)    Main  transmission  line  from  the  source 
of  energy  to  the  woods 

(3)  Branch  transmission  lines  to  the  several 

ides" 

(4)  Motors  for  yarders  and  loaders,   with 
suitable  control  equipment 

Beyond  the  question  of  cost,  none  of  these 
items  adds  any  complications  to  the  logging 
operations;  and  the  matter  resolves  itself  into 
a  proper  comparison  of  fixed  and  operating 
ci 'Sis  of  the  steam  method  and  of  the  electric 
method.  In  every  case  that  has  come  up  for 
consideration  the  electric  method  has  justi- 
fied itself. 

a   source    of    electric    energy   is 

ary.     A   great  many  large  loggers  are 

awmill   operators,  and  sawmills  are  as 

a  rule  reasonably  near  the  timber;  viz.,  from 

five    to    twenty-five    miles    from    the    most 

timber  to  be  handled  by  the  mill  in 

question.      The    reason    for   this    is    evident. 

One  thousand  feel  log  scale  weighs  from  8 1 

to  (l(K)l)  lb.     When  manufactured  into  lumber 


commercially  economical.  But  present-day 
stands  of  timber  are  receding  farther  and  far- 
ther from  large  centers  of  population,  and  so 
such  sawmills  find  no  market  for  other  than 
manufactured  products,  except  by  absorbing 
a  long  railroad  haul.  Cord  and  stove  wood 
and  surplus  "hogged  fuel  "  are  simply  a  loss  to 
them,  because  of  prohibitive  freight  rates  to 
a  market,  ana  consequently  this  excess 
refuse  goes  to  a  "burner." 

Sources  of  Electric  Power 

The  wood  refuse  will  supply  more  power 
than  is  required  for  the  logging  and  railway 
operations,  and  if  used  to  generate  the  neces- 
sary electric  energy  for  them,  the  cost  of  such 
electric  generation  is  low.  This  is  the  logical 
way  to  secure  electric  power  for  railway  and 
logging  needs. 

There  are  many  loggers  who  have  no  saw- 
mill connection;  and  for  such,  if  no  electric 
power  company  line  is  near,  the  solution  is 
feet  a  working  arrangement  whereby  a 
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neighboring  sawmill  furnishes  the  power 
The  sawmill  owner,  who  is  probably  also  one 
of  the  logger's  customers,  will  thus  realize 
on  some  of  his  waste  and  the  logger  will 
secure  electrical  energy  at  a  reasonable  price. 

If,  however,  a  power  company's  line  is 
reasonably  near,  within  10  or  15  miles  of  the 
logging  operation,  the  purchase  of  power 
from  that  company  will  almost  always  be  the 
most  economical  proposition. 

The  cost  of  such  electric  energy  is  a  con- 
sideration of  course,  but  all  rates  prevailing 
in  the  Northwest  will  permit  a  logger  to  pur- 
chase power  and  show  a  considerable  saving. 

Electric  Power  Distribution 

The  next  two  factors,  viz.,  the  main  trans- 
mission line  to  the  camp  and  the  branch  lines 
to  the  "sides,"  are  functions  of  the  location  of 
the  timber.  The  general  statement  may  be 
made  that  a  one  "side"  operation  can  afford 
to  build  a  transmission  line  a  distance  of 
seven  to  ten  miles,  purchase  electric  energy 
at  approximately  \l/2  cents  per  kw-hr.,  pur- 
chase transformer  substations  for  the  power 
end  and  for  the  logging  end  of  the  line,  and 
show  a  justifiable  saving  over  steam  operation 
using  either  oil  or  wood  fuel.  This  is  the 
most  disadvantageous  type  of  operation.  As 
the  size  is  increased,  and  consequently  the 
number  of  logging  engines  used,  the  saving  of 
electric  operation  increases  very  rapidly,  and 
the  distance  of  the  timber  from  the  power 
source  can  be  very  much  greater. 

Motor  Equipment  for  Logging  Engines 

The  motor  equipment  and  control  for  log- 
ging work  have  been  developed  as  the  result 
of  a  large  number  of  test  installations.  The 
first  was  made  about  1911.  All  have  been 
successful  in  their  particular  field  and  have 
justified  all  expectations  as  to  performance 
and  economy. 

Building  upon  the  data  and  experience 
gathered,  the  first  comprehensive  electric 
logging  installation  was  decided  upon  in 
1916.  A  more  inauspicious  time  could  not 
have  been  chosen,  and  delay  after  delay  was 
necessarily  submitted  to,  until  in  October, 
1918,  the  first  yarder  in  the  fir  district  began 
commercial  operation.  In  the  interval  be- 
tween 1916  and  1918  the  fundamental  scheme 
of  logging  had  undergone  a  radical  change, 
and  there  was  a  further  delay  to  early  1920 
before  the  first  "side"  was  completed  by  the 
addition  of  an  electric  duplex  loader. 


♦From  paper  by  R.   E.  Gray,   presented  at  the   11th   Pa 
Logging  Congress.  1920. 


All  of  thi    electrical  equipmenl   i    of  i 
I    design,    and    is    weatherproofed    to 
permil    its  installation  on  sleds  which  mu  I 

i1  more  or  less  to  tl i  I  ■  . 

haracteristics  of  both  motor    and 
control  mosl  suitable  to  logging  requin  n 
are  secured  by  special  di    ign,  a    a   n    ul1   o1 

earlier    tests,    and    the     utfri       will 

embody  the  desirable  features  which  havi 
evidenced  themselves  during  the  two  and  a 
half  years  continuous  operation  just  com- 
l  ileted 

The  following  is  a  brief  extrad   from   the 
history    of    the    operation    of    this    pioneei 
electric  installation  in  the  fir  district,  and  tells 
of   the   experience   of    the   Snoqualmie    I  a 
Lumber  Co.* 

Logging  Operation  of  the  Snoqualmie  Falls  Lumber 
Co. 

"The  logging  operations  of  the  Snoqualmie 
Falls  Lumber  Company  consist  of  two  camps 
of  three  "sides"  each  and  aboul  forty  miles 
nl    railroad,    including   main    line   and    spurs. 

"One  of  the  six  sides  has  been  completely 
electrified.  The  yarder  began  operation  in 
October,  1918.  The  arrangement  of  the 
original  gearing  of  this  machine  produced  a 
main  line  speed  of  only  300  ft.  per  min.,  and 
during  1918  and  early  1919  the  transformers 
in  the  line  serving  this  installation  were  of 
insufficient  capacity.  However,  this  yarder 
has  shown  results  (outputs)  equal  to  the  steam 
outfits  working  in  the  same  kind  of  timber. 

"The  electric  machine  was  originally 
built  for  ground  yarding  work,  the  adopted 
line  speed  for  such  work  being  about  300  ft. 
per  min.  Before  it  was  put  into  operation, 
high-lead  yarding  had  become  standard 
practice.  The  line  speed  for  high-lead  work 
is  considerably  faster  than  for  ground  yard- 
ing, so  that  the  machine  as  first  operated  on 
the  high-lead  system  had  a  maximum  line 
speed  considerably  lower  than  the  speed  of 
the  steam  outfits  in  the  same  camp.  It  is 
interesting  to  note  that,  in  spite  of  the 
lower  maximum  line  speed,  the  production 
of  the  electric  outfit  was  equal  to  that  of  the 
steam  outfits. 

"During  L918  this  machine  yarded  3,144,- 
898  ft.  of  timber  in  44  days,  from  64  acres,  in 
two  settings,  averaging  71,470  ft.  per  day. 
In  1919  the  same  outfit,  with  the  same  maxi- 
mum line  speed  but  with  added  transformer 
capacity,  yarded  18,403,339  ft.  in  10  settings, 
covering  350  acres,  an  average  of  77,000  ft. 
per  day.  This  was  a  little  better  showing 
than  the  steam  outfits  made  in  1919  in  the 
same  vicinity. 
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'■  During   1920,  up  to  July   !,  the  el 
side  has  fallen  b< 

this  i-  imb  f    the  a 

>w  the  avera 
■■    !,.■  uar    1 .  1920, 
to  July    1.  i    69,185    ft.    in    L33 

working  days. 

■■_\  iod  from  Octi  iber, 

1918  '  ows: 

U  6 

Number  of  settings 18 

5 . '-' 
30,717,422  ft. 

I    lay 73,  842  ft. 

"During  this  time  no  failun    ol   the  motor 
trol  equipment  has  resulted  in  any  lost 
The  upki  -      small,    and    m  - 

repairs  have  been  required  in  the  two  years. 
"This  side  has  demonstrated   that   logging 
omically  by  using  electricity 
as  motive  power.     The  cost  of  operation  has 
been  lower  than  with  the  steam  outfits. 
"This    company    generates    power    a 
sawmill.     The  plant  is  about  six  miles  from 
present  perations,  and  will  ultimately 

nt  twenty-five  miles  away  when  the 
farthest  timber  limits  arc  reached.  The 
sion  voltage  is  13,200  volts, 
but  during  1921  this  will  be  increased  to 
22,000  volts,  at  the  time  of  adding  the 
higher  ]  ii  iwered  two-speed  yarders  and  loi i 
The  main  line  generally  follows  the  rail- 
road    right-of-way     and    is    of     permanent 


ruction,  using  cedar  poles  and  steel 
pins,  bul  for  the  temporary  lines  to  spurs. 
■  Inch  are  to  serve  only  for  about  a  year 
before  being  taken  down  and  installed  else- 
where, anything  in  the  shape-  of  a  pole  or 
small  tree  that  happens  to  be  in  line  is  cross- 
armed  and  n  <  1  Li  icust  pins  are  used  on  the 
lOrary  lines.  Suitable  line  disconnecting 
switches  are  pro-  ided  to  permit  work  on 
extensions  to  existing  stub  lines  without 
interruption  to  sen-ice. 

"These  lines  lead  directly  to  outdoor  step- 
down  transformer  stations  near  each  logging 
outfit.  The  logging  motors  are  designi 
550  volts.  The  individual  woods  trans- 
formers arc  of  special  electrical  design  to 
withstand  the  heavy  loads  to  which  they  are 
subjected  from  time  to  time,  and  are  of 
rugged  mechanical  design  to  render  them 
suitable  for  frequent  transportation  to  new 
locations. 

"Careful  operating  records  have  been 
kept  of  the  electric  logging  outfits,  and  the 
direct  operating  savings  have  been  greater 
than  predicted,  fully  justifying  the  change 
from  steam  logging  engines.  The  camps  of 
the  Snoqualmie  Falls  Lumber  Company  will 
be  fully  converted  to  electric  operation  by  the 
latter  part  of  1021,  and  as  other  loggers  be- 
come more  familiar  with  the  possibilities  of 
the  electric  method,  greater  and  more  rapid 
advances  in  this  new  application  may  be 
expected." 
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Ventilation  of  Large  Motor  Room  of  the  Tata 
Iron  CS,  Steel  Company,  Jamshedpur,  India 

By  C.  B.  Huston 

Power  and  Mining  Engineering   Department,  General   Elei  rRii    i  ompanv 

Forced  ventilation,  even  under  average  conditions  in  our  own  country,  i 
tion  of  most  large  electric  motors,  generators,  etc.,  but  the  conditions  thai  mus1  be  taken  into  account 
ventilation  of  the  motor  room  of  the  Tata  Iron  &  Steel  Company  an   extreme!}  unusual  temperature, 

humidity  and  capacity  of  apparatus  installed.     Exactly  what  these  condition  bed  bj   the  author. 

A  short  calculation  is  made  to  determine  the  quantity  of  air  thai   is  required   to  limit  the  risi  erature, 

and  recommendations  are  given  respecting  the  arrangement  of  the  air  dints  in  an  installation  of  this   kind, 
which  are  also  extended  to  include  the  air  conditioning  equipment.  -  Editor. 

Ventilation  is  one  of  the  major  problems  in  and  the  warm  air  allowed  to  escape  through 

the  design  of  any  large  power  station.     The  ventilators  at  the  roof .    This  method  no1 

success  of  the  electrical  apparatus  will  depend  affords  a   ready   means   of   control    and   dis- 

primarily  upon  the  effectiveness  of  the  ven-  tribution   of   the   air,    but    also   builds   tip   a 

tilating  system  in  conveying  away  the  losses  counter  pressure  within  the  room  which  tends 

of  the  machines,  consequently  any  installation  to  keep  out  the  mill  dusl  due  to  the  outward 

requires    to   a   greater  or  lesser  degree  some  leakage  through  all  cracks  and  openings.    The 

consideration  of  this  question.  problem   is   thus   resolved    into   two   factoi 

Perin   &   Marshall,   Consulting   Engineers,  first,  the  quantity  of  air,  and  second,  the  dis- 

New  York,  who  have  been  associated  w  ith  the  tribution  of  the  air. 

entire  development  since  its  inception,  are  de-  Apparatus  and  Losses 

signing  the  motor  station  of  the  blooming  and  The      station      wi]]      ultimately      contair) 

combination  rail  and  structural  mills  of  the  machines  with  losses  in  kilowatts  as  follows: 
Tata   Iron   &   Steel  Company,   Jamshedpur, 

India.      The  principal  problems  in  the  con-  }  5600-h.p.   d-c.  reversing   blooming  mill 

sideration  of   the  ventilation  of  this  station  motor    350  kw. 

are  made   the   subject   of  discussion  in  this  l  6000-kw.  motor-generator  consi  ting  o) 

nnner       Vpntilntinn    in    thiq    rase  is  of  sni-i-d  three   2ll,H)kw      generators     and   one 

paper,     ventilation  in  tins  case  is  01  special                 4000-h.p.  induction  motor,  and  fly- 
importance  for  the  following  reasons:    first,  wheel... 650  kw. 

the  particular  location    of   the  station   with  1  6300-h.'p.  d-c.  rail  and  structural    mill 

respect  to  the  mills:  second,  the  capacity  of  ,       "10,or ••;■•''';     ;!'" 

,,  j     ,,  •    j     ,,  ,■         ••       "  1    ,')()()()- kw.    motor-generator  consisting  o( 

the  apparatus,   and,  third,  the  climatic  con-  two  2500-kw.  generators,  one  el 

ditions  of  the  country.  h.p.  induction  motor,  and  flywheel.  .      625   kw. 

The  station  building,  which  is  75  feet  wide  i  5 )-h.p.  (future)  d-c.  reversing  rough- 
by  approximately  360  feet  long,  is  necessarily  ,   ,J"g  mill  motor.  .  .  .     350  kw. 

,  ,  r  ,,  ,     °       /■   ,,  ■  1  4000-kw.  (future)   motor-generator  con- 

very  large  because  of  the  nature  of  the  appa-  sisting  of  two  2000-ku     genera 

ratus  which  it  accommodates.     On  account  of  one    tOOO-h.p.  induction   motor,  and 

serving  both  the  blooming  mill  and  the  com-  flywheel  500  kw. 

bination  rail  and  structural  mills,  it  is  located  2  1500-kw.  motor-generators  consisting  of 
,.,,,,              ,,                    T         i  1-.  •          .i  d-c.  generator  and  synchronous  motor     odd  kw. 

directly  between  the  two.     In  addition,  the  3  control  apparatus  consisting  of  ,     it. .  . 
soaking  pits  extend  across  one  end  and  the  slip  regulators  and  resistors  for  each 

cooling  beds  across  the  other.     Consequently  of  the  mill  equipments...  150  kw 

the  station  is  entirely  surrounded  by  a  hot  and  3  l'"mP  and  >  compressor  motor iwi  kw. 

dirty  mill  atmosphere.     Except  for  the  exten-  Total  ll  isses  3675  kw- 

sion  of  the  walls  above  the  mill  structures  in  The5000-h.p.  roughing  mill  motor  and  4000- 

which  louvers  or  windows  will  be  constructed,  kw.  motor-generator  with   their  control  will 

the  station  must  be  made  as  air  tight  as  pos-  not    be    installed    at    present,    but    will    be 

sible.      The    conditions    therefore    require    a  included  in  the  calculation  for  ultimate  air 

forced  ventilation  system  supplying  fresh  air.  capacity  of  the  ventilating  system.     The  d-c. 

There  is  little  dispute  as  to  the  merits  of  the  mill  motors  and  motor-generators  are  rated 
air  washer.  Such  apparatus  has  established  upon  the  root  mean  square  of  the  duty  cycle 
its  importance  for  use  in  all  systems  of  which  they  are  supposed  to  perform.  There- 
ventilation.  Not  only  is  the  air  freed  from  fore  the  losses  at  the  rated  loads  represent 
particles  of  dust,  but  advantage  may  also  be  the  heating  to  be  dissipated  for  normal  con- 
taken  of  humidifieation  to  lower  the  tern-  tinuous  duty.  One  1500-kw.  motor-generator 
perature  of  the  air.  Thus  by  means  of  blowers  will  constitute  a  spare;  consequently  the  sta- 
clean  cool  air  may  be  forced  into  the  station  tion  losses  as  tabulated  above  may  be  reduced 
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15  k\v.  as  a  total  upon  which  calculations 

l-c.  mill  motor  is  such 

that  it  ventilation.    Since  its 

armatun  itedly  reversing,   there  are 

intern  hen    the   windage    is 

negligible.      It    therefore   becomes  necessary 

them.     All  other  machines 

If -ventilating,  that  is,  normally  require 

of  air.    Therefore,  with  the 

exception  of  the  d-c.  mill  motors,  the  problem 

i  of  keeping  the  room  temperature 

at  a  value  low  enough  so  that  the  apparatus 

will  operate  at  a  safe  ultimate  temperature. 

Climatic  Conditions 

A  study  was  made  of  the  climatic  condi- 
tions of  the  country  and  their  effect  upon  the 
efficiency  of  the  ventilating  system.  By 
ing  to  temperature  and  humidity  charts 
published  by  the  government  of  India,  it 
was  found  that  the  extremes  of  temperature 
and  humidity  exist  at  different  seasons  of  the 
year.  The  highest  temperatures  are  reached 
in  May  near  the  end  of  the  dry  season.  At 
this  time  the  mean  maximum  temperature 
recorded  among  the  data  investigated  was 
found  to  he  107  deg.  F.,  at  which  time  the 
humidity  was  not  over  30  per  cent.  Later 
during  the  rainy  season  the  temperature 
drops,  but  the  humidity  naturally  rises.  The 
nes  for  the  wet  season  are  reached 
during  August,  when  the  maximum  mean 
temperature  of  90  deg.  F.  is  obtained  with  a 
relative  humidity  of  85  per  cent.  The 
maximum  average  values,  however,  are  shown 
85  deg.  F.  with  humidity  at  05  per  cent. 
During  other  seasons  of  the  year  the  climate 
is  quite  moderate. 

By  referring  to  psychrometric  tables  the 
resulting  wet  bulb  temperatures  for  the  above 
conditions  are  as  follows: 

107  deg.  F.  at  30  per  cent  humidity — wet 
bulb  SO  deg.  F. 

85  deg.  P.  at  05  per  cent  humidity— wet 
bulb  75.6  deg.  F. 

90  de  F  .-it  mi  per  cent  humidity — wet 
bulb84.8d 

The  average  of  these  wet  bulb  temperatures 
is  approximately  80  deg.  F. 

With  the  best  air  conditioning  equipments, 
the  air  when  passing  through  the  washer 
becomes  saturated  and  therefore  is  reduced 
to  the  wet  bulb  temperature.  Further  cool- 
ing cannot  be  effected  without  using  large 
quantities  of  cold  water,  and  since  it  is 
impracticable  to  supply  it  in  this  particular 
bulb  temperature  must  be 
taken  as  the  minimum  obtainable.  There- 
fore the  maximum  temperature  of  the  venti- 


lating air  as  it  enters  the  station  may  he  con- 
id.  nd  to  be  not  greater  than  NO  deg.  F.  This 
\  alue  will  be  used  in  the  calculations  to  follow. 

CAPACITY  OF  VENTILATING  EQUIPMENT 

1    kw-hr.    loss  =  34 17    B.t.U. 

1    kw-min.   loss  =  .">7   Bin. 
Tln>  volume  of  air  in  cubic  feet  per  minute 
to  absorb  57  B.t.u.  for  1  deg.  F.  rise  is 

0.2375X0.0736  =  3260cu-ft- 

where  0.2375  is  the  specific  heat  of  air  and 
0.0730  is  the  weight  of  one  pound  of  air  at 
mi  deg.  F.  Therefore  for  each  kw.  of  loss 
there  will  be  required  3260  cubic  feet  of  air 
per  minute  per  degree  F.  rise. 

Neglecting  radiation  through  the  walls, 
which  could  only  be  slight,  all  losses  of  the 
machines  will  be  dissipated  as  heat  and 
absorbed  by  the  air  in  the  room.  The  warm 
air  will  rise  and  pass  out  through  the  openings 
at  the  top  of  the  room  at  whatever  rate  (in 
cubic  feet  per  minute)  that  the  cool  air  is 
supplied.  Assume  that  the  outgoing  air  is 
to  lie  kept  to  a  maximum  of  120  deg.  F. 
Based  upon  incoming  air  at  SO  deg.  F. 
allows  40  deg.  F.  rise.  Therefore  the  quan- 
tity of  air  required  to  absorb  the  losses  of  the 
station  is 

3525X3-200     000  ...        ,+  .      . 

— — =  2NS.000  cu.  ft.  per  minute. 

40 

It  is  known  from  previous  experience  that 
each  d-c.  mill  motor  will  require  50,000  cu.  ft.  of 
air  per  minute  to  assure  its  successful  opera- 
tion. On  account  of  the  inefficiency  of  the 
ventilation  of  such  motors  due  to  the  short 
passage  through  them,  only  about  three- 
fourths  of  the  losses  are  absorbed  by  the  air. 
The  temperature  of  the  air  leaving  each 
motor  is 
m,       „    ,   0.75X350X3200 

8,,deg  F  ■  +  "  -^ooo =971  deg- R 

Thus  150,000  cu.  ft.  of  air  is  delivered  into 
the  room  through  the  three  motors  at  97. 1  deg. 
F.  The  remaining  quantity  of  air.  138,000  cu. 
ft.,  will  enter  at  80  deg.  F.  The  resulting 
temperature  of  the  288,000  cu.  ft.  will  be 


r  150,000 

[288  000 


X97.1°F. 


H 


l.",S.IIIHI 


X80°  I  =88.9°  F. 


1,000  ~" J    '  [288,000 

On  the  basis  of  288,000  cu.  ft.  of  air  at  88  9 
deg.  F.  the  temperature  of  the  outgoing  air 
by  the  absorption  of  the  remaining  losses  of 
the  d-c.  motors  and  the  losses  of  the  other 
apparatus  will  be 
scoop    .  [3525 -(3  x .75x350)]  x  3260 

88.9   F.+ 28* "12°   K 

The  air  temperature  at   the  floor  station 
will  be  some  mean  between  SS.9  deg.  F.  and 
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120  deg.  F.  depending  upon  circulation  and 
eddy  currents  set  up  within  the  room  and 
the  location  at  which  the  temperature  i ; 
measured.  Since  the  machines  are  laid  out 
on  the  basis  of  either  35  deg.  C.  or  40  deg.  C. 
rise  above  room  temperature,  their  ultimate 
temperatures  will  be  between  the  limits  of 
(411  deg.  C.  +  S8.9  deg.  F.)  and  (40  deg.  C.+  120 
deg.  F.)  that  is,  between  71.6  deg.  C.  as  a  mini- 
mum and  89  deg.  C.  as  a  maximum,  depending 
upon  the  resulting  room  temperature. 

It  is  therefore  recommended  that  in  order 
to  obtain  full  rated  output  from  the  ultimate 
number  of  machines,  during  the  hot  and 
rainy  season,  air  conditioning  equipment 
capable  of  delivering  300,000  cu.  ft.  of  air  per 
minute  should  be  installed. 

Distribution  of  Air 

As  previously  stated,  the  d-c.  motors  are 
constructed  for  forced  ventilation,  the 
magnet  frames  being  encased  to  receive  air 
underneath  the  machines.  The  motor-gene- 
rators and  other  apparatus  are  standard 
open  construction,  but  an  effective  means  of 
supplying  cool  air  to  them  is  to  discharge 
the  air  into  a  pit  underneath  them.  Recom- 
mendations will  not  be  given  here  upon  the 
design  of  the  air  ducts.  Their  constructii  m  is 
greatly  influenced  by  the  machine  and  mill 
foundations.    It  may  be  stated,  however,  that 


insular  as   is   possible   each  machine  should 

i  if  one  main 
feeder.     At  each  brain 
damper,  by  means  of  which  the  flow  of 

ti    ma     I i1  rolli  d      All  dun 

i  out  with  the  [east  possible 
flow  of  the  air,   whi 

to  a 
minimum,  the  cros  i  section  circular  or  a  square 
rather  than  rectangular,  the  walls  smooth,  and 
all  bends  on  a  la  ■    radius.     B 

upon  a  maximum  \  i  locil  .  flow  oJ  30  fa 
second,    the  cross   section  of   the  main    dm  t 
will  be 

300,000      1A7  ,    . 

60X60  square 

The  air  conditioning  equipmenl  should 
preferably  be  divided  into  three  units  each 
with  capacity  of  100,000  cu.  ft.  per  minute. 
Two  units  should  be  installed  at  present  and 
the  third  one  added  with  the  future  d-c  mill 
motor  and  its  motor-generatoi  With  this 
arrangement  the  maximum  benefit  of  the 
installation  will  be  obtained. 

The  pressure  required  of  the  system  cannot 
be  specified  inasmuch  as  this  will  depend 
upon  the  resistance  in  the  ducts,  but  assuming 
this  to  be  conservative,  it  is  estimated  thai  the 
blowers  on  each  air  conditioning  equipment 
should  develop  from  3.5  to  4  in.  water  gauge. 


INDUSTRIAL  TEACHERS'  SCHOLARSHIPS  IN  NEW  YORK 


The  University  of  the  State  of  New  York  is 
offering  twenty-five  scholarships  to  qualified  trade 
and  technically  trained  persons  who  desire  to 
prepare  themselves  for  teaching.  Persons  selected 
to  hold  these  scholarships  who  satisfactorily  com- 
plete the  prescribed  one  year  resident  industrial 
teacher  training  course  are  licensed  for  life  to  teach 
their  specific  occupations  in  the  vocational  schools 
of  the  State.  The  salaries  paid  vocational  teachers 
now  range  from  $1800  to  $3500  per  annum. 
Amount  of  Scholarship 

Each  holder  of  a  scholarship  will  receive  at  least 
SI 000    for    the    period   of   one   school   year.      This 
amount  is  paid  in  ten  equal  installments. 
Course  and  Attendance 

Holders  will  be  required  to  be  in  attendance  for 
ten  months  in  the  Industrial  Teacher  Training 
Department  of  the  State  Normal  School  at  Buffalo. 
Qualifications  of  Applicants 

Applicants  for  appointment  to  the  industrial 
teachers'  scholarships  must  possess  the  following 
qualifications: 

1.  Trade,  industrial  or  technical  experience.  At 
least  five  years  of  successful  all-round  experi- 
ence in  work  of  not  less  than  journeyman's 
grade  in  some  trade,  industrial  or  technical 
occupation. 

2.  Education.  A  good  general  education  ami 
ability  to  speak,  read  and  write  the  English 
language. 

3.  Age.  Not  less  than  twenty-one  or  more  than 
thirty-six  years  of  age  on  August  first  of  the 
year  in  which  the  appointment  is  made. 

4.  Health  and  character.  Of  good  moral  character 
and  in  possession  of  good  health. 


a.  Citizenship  and  residence.  A  citizen  oi  the 
United  States  and  a  resident  for  one  year  of  the 
State  of  New  York. 

Selection  of  Scholarship  Holders 

On  the  basis  of  the  qualifications  of  the  candidate 
merit  list  will  be  set  up  for  each  trade,  industrial  or 
technical    occupation.       There    will    be    ie>    formal 

ination  but  i  andidates  will  be  rati 
ining  committees  as  to  general  education,  practical 
experience,  loyalty,  moral  character  and  physical 
fitness.  Candidates  may  be  required  to  appear 
before  the  examining  committees  for  a  personal 
interview. 

Occupational  List  for  1921 

The  twenty-five  scholarships  will  be  awarded 
to  qualified  persons  with  all-round  experience  in 
the  following  occupations: 

Electrical  construction,  repairing  and  operating. 

Machine  shop  work. 

Automobile  repairing. 

Machine  drafting  and  designing. 

Architectural  drafting  and  designing. 

Sheet  metal  working. 

Printing,   including   presswork   and   compo 

Bricklaying. 

Painting  and  decorating. 

Carpentry. 

Information  and  Application  Blanks 

Detailed  information  and  blanks  upon  which 
application  for  scholarships  may  be  made  should 
be  secured  very  promptly.  The  Director  of  Voca- 
tional and  Extension  Education,  State  1  i 
of  Education,  Albany,  N.  Y.,  will  furnish  this 
material   and   information   upon   reque  I 
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Watthour  Meter  Method  of  Testing  Current 
Transformers  for  Ratio  and  Phase  Angle 

By  J.  R.  Craighead  and  ('.  T.  Weller 
:■  \i   Engineering  Laboratory,  Generai   Ele<  rRic  Company 

Xhi  'ing  instrument  transformers  for  ratio  and  phase  angle  lias  received 

ges  which  it  possesses.     Through  its  u  ry  com- 

cai    fu  rever,  difficulties  have  been  encountered  by  dil 

T  i 

nd  includes  di  -.'ins  for  testing,  i<>r 

the  chief  sources  of  error.     Formulas  are  given,  covering  all  nei  i 

similar  for  both  potential  and  current 

nons  given  a]  of  current   transformers  as  this  is  the  more  impor- 

,\n   example  of   the   application   oi  ms  to  an  actual  test  is  in- 

i; on  on. 

formulas  used  E<  >r  determining  phase-  angle  are 
based  on  the  so-called  tangent  formula. 

After  a  careful  study  of  the  watthour  meter 
method  and  its  application,  the  detailed  test- 
ing instructions  given  in  the  present  article 
have  been  formulated.  Formulas  have  also 
been  developed  for  handling  the  results.  The 
phase-angle  formulas  are  based  on  the  so- 
called  cosine  formula.  This  permits  deter- 
mination of  phase  angle  from  the  standard 
tabulations  (Tables  I  and  II)  for  correction 
of  wattmeter  readings  for  phase  angle.* 
Accurate  test  results  may  be  secured  by 
carefully  following  the  instructions  given, 
and  the  calculations  are  greatly  simplified  by 
the  procedure  outlined.  A  procedure  similar 
to  that  for  current  transformers  may  also  be 
followed  for  corresponding  tests  on  potential 
transformers. 

General  Description  of  Method 

The  watthour  meter  method  consists  in 
determining,  from  readings  of  watthour 
meters  connected  in  the  secondary  circuit, 
the  difference  in  ratio  and  phase  angle  between 
two  current  transformers  of  the  same  range 
whose  primary  windings  are  connected  in 
series;  or  between  two  potential  transformers 
whose  primary  windings  are  connected  in 
multiple.  The  constants  of  one  transformer, 
which  is  used  as  a  standard,  are  known  and 
the  constants  of  the  transformer  under  test 
are  thus  determined  in  terms  i  if  the  ci  instants 
of  the  standard  transformer.  Readings  are 
taken  at  unity  power-factor  to  obtain  dif- 
ference in  ratio  and  at  low  power-fad 
obtain  difference  in  phase  angle.  The  meters 
are  interchanged  to  eliminate  any  difference 
in  their  rates. 

The  errors  of  the  method  are  within  0.2 
per  rent  in  ratio  and  10  minutes  in  phase 
angle.    To  secure  this  accuracy,  a  competent 


Introduction 

The    watthour   meter   method    of    testing 
ment  transformers  for  ratio  and 
angle  was  developed  for  testing  transfoi 
at  the  point  of  installation. 

Till  1       01       THE      METHOD      SHOULD      BE 

LIMIT)  !  :    :       i        :  i    URACY  IS  ESSEN- 

TIAL    1  ERE     IT     IS     IMPRACTICABLE     TO 

SEND  THE   TRANSFORMER  TO  A  SUITABLE  TEST- 
IXC,   LABORATORY. 

The  method  has  the  advantages  of  requir- 
ing but  little  special  apparatus  and  of  giving 
satisfactory  commercial  accuracy  when  prop- 
plied. 

Till  S      OBTAINABLE     BY     CAREFUL 

TESTING    IS    WITHIN    0.2    PER    CENT     IN    RATIO 
AND    WITHIN    1(1    MINUTES    IN    PHASE    ANGLE. 

The  method  has  certain  disadvantages 
such  as  a  lari;e  number  of  possible  sources  of 
error  and  the  excessive  length  of  time  re- 
quired for  testing. 

THE  TIME  REQUIRED  FOR  TESTING  A  CUR- 
KENT  TRANSFORMER  FOR  RATIO  AND  PHASE 
ANGLE  AT  SIX  DIFFERENT  CURRENT  VALUES 
WITH  ONE  SECONDARY  BURDEN  AT  ONE  FRE- 
Y  IS  ABOUT  SEVEN  HOURS.  THIS  ESTI- 
MATE IS  BASED  ON  OBTAINING  THE  ABOVJ 
GRADE  OF  ACCURACY  WITH  STANDARD  WATT- 
HOUR  METERS. 

Historical 

The    watthour   meter   method    of    testing 

nut    transformers  for  ratio  and  phase 

echnical  paper  X.  •  233, 

Dr.  P.  G.  Agnew  and  published 

e   Bureau  of  Standards;  this   paper  is 

ished   in   the   Bulletin   of  the   Bureau, 

e    11,  No.  3.     Dr.  Agnew's  discussion 

ure  and  omits  many  details 

-tilts.     The 

A.I.E.E.. 
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this 
mi  ill'  «l  is  long 
pared  wit! 

such 
a 
in    laboratory 

slow 
running  of  the  n 
a1  the  lower  cui 
i"  in1 ;  A  complete 
ratio  and  phase-; 
tesl  on  a  cui 
Iran  fi  ;      six 

current   points,  using 
one  secondary  bu 
and    one    frequi 
requires    aboul 
hours  of  actual  mi  ter 
mm  n  This 

is  based  on  the  u 
induction  test  mi 
having   a   K    of   0  6. 
The    total    time    for 
the  test   will   di  | 
on    the    facilities    for 
regulation,    but     will 
generally  no1   be 
than  seven  houi 

ge  conditions. 
The  time  may  be 
shortened  with  sat- 
isfactory accuracy  in 
some  eases  by  certain 
modifications  in  the 
apparatus  and  pro- 
cedure. 

This  method  has 
neither  the  accuracy 
nor  the  speed  of  the 
null  methods  i 
monly  used  in  stand- 
ardizing labora  toi 
ies.  However,  it  re- 
quires but  little  spe- 
cialized apparatus  to 
cover  a  range  of  sec- 
ondary currents  be- 
tween 1 .11  and  I  5 
ampen.-.  mi  is1  i  if  the 
necessary  meters  and 
instruments  b( 

available  at  any  place 
where   meter   ealilira- 
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tion  is  regularly  done.     All   devices  nee. led 

arc  simple 
assem- 
ble field  for 
method    is 
of  small  ni 
wherei  lien  removal  for  laboratory 

cult,  yet  v  ctual  char- 

bi  rmined  within  fairly 
limits.     Ii  is  no1  satisfactory  eitfo 

transformer  condition  or  for 
i  i  iry  work. 

Apparatus 

The  bandard   apparatus   is   re- 

bhe  grade  of  accuracy  men- 

Erom   L.O  to  1  5 

a  110    oil  supply  (the  addition 

multiplier  for  the  wattmeter  will 

!  t  he  current  range  to  include  5  am  | 

mpere  amnir 
One      5-ampere,  150  i  meter 

l  ln-\  .'It  indui  i  ion    test    meters 
(K=0.6) 
One  or  more  standard  current   transformers  to 
the  same  ratios  as  those  under  test. 

and    leads   similar   to   that 
shown  in  Fig.  1 
One  1  ID-volt  portable  phase  shifter 

.  for  demagnetizing. 

One  set  of  the  following  additional  instru- 
ments, (a)  or  (6),  is  required  in  order  to 
extend  the  current  range  to  include  0.5 
ampere : 

(a)     Special  Instruments: 

One  2. 5-ampere  ammeter 

One  2. 5-ampere,  150-volt  wattmeter 
(6)      Standard  Instruments: 

One  2.0-ampere  ammeter 

One  4. 5-ampere,  125/250-volt  wattmeter 

The  apparatus  is  shown  in  Fig.  1. 

Portable  current  transformers  having 
eral  ratios  may  be  used  as  standards.     An 
additional    transformer   of   the    same    rating 
may  be  used  to  step  up  the  current   where 
necessary. 

The  induction  test  meters  must  be  designed 
for  the  frequency  of  the  circuit  on  which  tests 
are  to  be  made.  Meters  having  5-ampere 
coils  ma>-  be  used  in  some  cases. 

The  special  instruments  (a)  are  designed 
to  have  an  impedance  equal  to  that  of  stand- 
ard instruments  having  twice  the  range. 
These  instruments  are  not  ordinarily  avail- 
able. 

The    standard    low    reading    instrun 
(b)  may  be  used  if  a  special  calibration  of  the 


standard  currenl  transformer  is  made  with  the 
low  reading  instruments  connected  in. 

An  ordinary  phase  shifter  will  not  give  as 
good  accuracy  as  the  one  listed 

k<  ferring  to  Fig.  2  it  should  be  noted  that 
switches  /  and  .'  are  rated  250  volts  and  100 
amperes.  Switch  /  has  heavy  leads  soldered 
across  and  shunting  the  central  sliding 
contacts. 

Heavy  leads  (100/25  dynamo  cable)  are 
used  for  all  parts  of  the  secondary  testing  circuit. 

The  minimum  secondary  burden  for  the 
transformer  under  test  including  test  meter, 
switch,  and  about  15  feet  of  leads  (secondary 
testing  circuit )  has  an  impedance  of  about 
0.03  ohms  (0.75  volt-amperes  at  5  amperes 
60  c  elcs). 

Precautions 

The  following  precautions  must  be  taken 
to  secure  accurate  results: 

The  current  transformers  used  as  standards 
must  be  carefully  calibrated  with  the  sec- 
ondary burden  to  be  used,  as  all  results  are 
based  on  the  constants  of  the  standards. 

In  order  to  obtain  an  accuracy  within  0.2 
per  cent  in  ratio  and  10  minutes  in  phase 
angle,  the  standard  transformer  and  trans- 
former under  test  should  not  differ  more  than 
5  per  cent  in  ratio  and  1  degree  in  phase  angle 
at  any  point. 

The  two  induction  test  meters  or  watthour 
meters  must  not  differ  more  than  2  per  cent 
in  rates  at  any  point  at  unity  power-factor 
or  at  0.5  power-factor.  They  should  be 
properly  lagged  and  the  difference  in  rates  at 
0.5  power-factor  should  be  in  the  same 
direction  as  at  unity.  The  meters  should  not 
creep. 

A  phase-shifting  transformer  of  good  qual- 
ity should  always  be  used  to  obtain  exact 
unity  power-factor.  At  110  volts,  the  varia- 
tion in  voltage  at  different  rotor  positions 
should  not  exceed  1 .5  volts. 

Care  should  be  taken  to  make  "equivalent " 
secondary  burdens  for  the  transformer  under 
test  exactly  equivalent  to  the  burdens  they 
are  intended  to  represent. 

All  transformers  should  be  demagnetized 
before  being  tested. 

The  secondary  circuits  should  not  be 
opened  with  primary  current  flowing. 

Good  contacts  must  be  obtained  in  making 
all  connections  in  the  secondary  circuits:  the 
contacts  of  the  switches  in  the  secondary 
circuits  must  be  kept  clean.  Good  contacts 
must  also  be  maintained  in  the  potential 
circuit  of  the  watthour  meters. 
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All  readings  must  be  carefully  taken.  The 
test  meter  dials  should  be  read  to  0.1  division, 
and  readings  should  be  made  quickly  to  avoid 
errors  due  to  the  slight  creeping  which  may 
occur  even  in  a  properly  adjusted  meter  due  1 1 
vibration.  The  indicating  wattmeters 
should  give  maximum  deflection  exactly 
at  given  voltage  and  current,  without 
regard  to  calibration,  in  ratio  tests.  In 
phase-angle  tests,  the  scale  should  be 
read  to  0.1  division. 

A  sufficient  number  of  revolutions 
of  the  meters  must  be  taken  at  each 
point. 


dary  circuil  of  the    tandard  transformer. 
Anindicatini     oltmeti  risalsoused.  Thephase- 
shifting  transformer  is  used  to  obtain 
unity  power-factor  for  the  ratio  tesl  and  0  5 
power-factor  lagging  for  the  phas< 


Sinqle- 
phase 
Supplq 


rrent  Transformer  n 

Under  Test  --.  Primaries 

—iTuju'mir- ; 


niii-Tr, 


Standard 
rrent 
Transformer 


Equivalent 
to  One  Lead- 
Joint  Sol- 
dered   \ 


Testing  Circuit 

Fig.  2  shows  a  schematic  diagram  of 
the  apparatus  and  connections. 

The  primary  windings  of  the  stand- 
ard current  transformer  and  of  the  trans- 
former under  test  are  connected  in  series 
with  a  suitable  source  of  current.  One 
watthour  meter  (and  other  devices  if 
desired)  is  connected  in  each  secondary 
circuit.  One  secondary  lead  is  common 
to  both  transformers.  The  watthour 
meters  (A  and  B)  are  interchanged  by 
means  of  switch  1.  Switch  3  is  closed 
when  switch  1  is  open  to  prevent  open- 
ing the  secondary  circuits.  Switch  4 
is  in  the  potential  circuit  of  the  watthour 
meters  and  is  used  to  start  and  stop  them. 
Switch  2  is  used  to  short  circuit  the  current 
coils  of  one  set  of  indicating  instruments.  It 
should  be  noted  that  the  current  coils  of  the 
indicating  instruments  are  all  connected  in  the 

r  e 


Secondaries 
link  in  Secondary 
Circuit  of  Current 
Transformer  Under 
Test  for  Insertion  of 
Additional  Burdens 


Switch  for  Short 

Circuiting  One 

Setof  Indicatinq 

Instruments 

Indicatinq  Instruments  in 
Standard  Current  Trans- 
former  Secondary  Circuit 


Supplu, 


V s    Shifter 


Diagram  of  Co 
Current   Transformer: 


is  for  Ratio  and  Phase-angle  Tests  of 
by  Watthour  Meter  Method 

PROCEDURE 
The  following  procedure  lias  proved  satis- 
factory : 

(a)      Testing 

With  connections  and  apparatus  as  shown 
in  Fig.  2: 


Apparatus  for  Testing  Current  Transfor: 
S.     Standard  Current  Transformer 

T.      Transformer  Under  Test 
I.     Induction  Test  Meters 

V.     Voltmeter 


i  by  the  Watthour  Meter  Method 

A.  Ammeters 
W.     Wattmeters' 

P.     Phase  Shifter 

B.  Switchboard 


" 
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Throw  switch  /  up  (position  .1 1  connecting 
1  in  the  standard  transformer  se 
rcuit  and  n  ondary  cir- 

irmer  under 
hould  be  closed  one  way  (say  up) 
short    circuiting    the    low    reading    ammeter 
and  wattmt 

e  switch  .',,  applying  potential   oi 

to  the  induction 
nd  to  the  indicating  instruments. 
Swil  in  i   I   ■  i   throws  switch  / 

thus     keeping     the     secondary     circuits 
'  .vhen  switch  /  isn 
Current    should    then    be    applied    to    the 
primaries  of  the  two  current  transformers. 
Adjust     the     primary     current     until     the 
i.iry    current    of    the    standard    current 
transformer  has   the  desired    value   (say  3.0 
amperes)  as  shown  by  the  5-ampere  ammeter. 
Rotate    the    phase    shifter    until    an    exact 
maximum  deflection  is  obtained  on  the  watt- 
meter   with    constant    voltage    and    current. 
This  should  be  done  with  meters  A   and  B 
running. 

■!    the    correct    number   of    revolutions 
(say  2(1)  as  tabulated  under  revolutions  on 
1     this  is  reading  oO  and  read  meter 
B  (reading  62). 

e  switch  S  and  throw  transfer  switch  1 
down  (position  B)  connecting  meter  B  in  the 
standard  transformer  secondary  circuit  and 
meter  .4  in  the  secondary  circuit  of  the  trans- 
former under  test. 
Open  switch  3. 

Hold  the  same  number  of  revolutions  (20) 
on  meter  B  (reading  bi)  and  read  meter  A 
(reading  a2).    bi  should  equal  a\. 

The  readings  of  the  indicating  instruments 

Id  be  checked  occasionally. 
Repeat  until  the  stated  number  of  revolu- 
tions  (12(1)   at   one  point  have  been  taken, 
tabulating  the  results  as  indicated  in  Table 
[II. 

Reduce  the  power-factor  to  0.5  lagging 
by  rotating  the  phase  shifter,  obtaining  Au 
I!-i  and  />'i.  A«  respectively  (corresponding  to 
Oi,  bi  and  />,.  Oi).  B\  should  equal  Av  The 
total  number  of  revolutions  should  be  the 
same  (120)  as  in  the  ratio  test.  The  con- 
dition of  lagging  power-factor  is  shown  by 
the  reversal  of  the  reading  of  the  indicating 
eter  when  a  condenser  of  about  one 
micro-farad  capacity  is  placed  in  series  with 
the  potential  circuit . 

The  same  procedure  should  be  repeated 
for  each  point. 

Meters  .1  and  />'  should  be  started  and 
stopped  by  closing  and  opening  switch  Jt. 


TABLE   III 

RATIO  TEST  AT  UNITY  POWER-FACTOR 

[Form  suggested  for  tabulating  results,  showing 
minimum  number  of  revolutions 

ra/itircd  at  each  p 


STANDARD 

TRANSFORMER 

TRANSFORMER  UNDER 

rEST* 

Secondary 
Amperes 

Revolutions 

01 

h 

Ol 

b, 

n .-, 

5 
5 
5 
5 

5 
5 
5 
5 

5± 

5  * 
5± 
5* 

5* 
5  * 
5* 
5  * 

— 

— 

.  .  .  Totals  .  . 





20 

20 

211* 

20* 

I'.O 

10 
10 
10 

10 
10 
10 

10* 
10* 
10=*= 

10* 
10* 
10* 

— 

— 

.    Totals  .  . 





30 

30 

30* 

30* 

2.0 

15 

15 
15 

15 

15 
15 

15* 

15* 
15* 

15* 
15* 

15* 

— 

— 

.  .  .  Totals  .  .  . 





45 

45 

45* 

45* 

3.0 

20 

2D 
20 

211 
211 
20 

20* 
20  * 

20* 

20* 
20* 
20* 

— 

— 

.  .  .  Totals  .  .  . 





60 

60 

60  - 

60* 

4.0 

25 
25 

25 

25 
25 
25 

25- 
25* 
25  * 

25* 
25* 

— 

— 

.  .    Totals  .  . 





75 

75 

75  * 

75  * 

5.0 

30 
30 
30 

30 
30 
30 

30* 
30* 

30* 

30* 
30* 
30* 





.  .  .  Totals  .  .  . 





90 

90 

90* 

90* 

*  The  plus  or  minus  (  = 
approximate. 


)  signs  indicate  that  the  values 
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If  the  special  low  reading  ammeter  and 
wattmeter  are  not  available  and  standard 
low  reading  instruments  are  substituted  at 
0.5-ampere,  a  different  set  of  standard  trans- 
former constants,  which  were  obtained  with 
this  special  secondary  burden,  must  be  used. 

The  numbers  of  revolutions  and  runs  in 
Table  III  should  be  taken  for  both  ratio  and 
phase-angle  tests.  The  correct  number  of 
revolutions  should  be  held  on  meter  A  (read- 
ing i;i)  for  the  first  ran  and  on  meter  B  (read- 
ing 61)  for  the  second  run,  so  that  a\  =  b\  if 
possible.  This  reduces  to  a  minimum  the 
error  caused  by  a  difference  in  the  rates  of 
the  two  watthour  meters. 

A  series  of  short  runs,  interchanging  the 
two  meters  at  each  step,  is  preferable  to  a 
smaller  number  of  longer  runs.  This  mini- 
mizes any  error  caused  by  a  change  in  the 
meter  rates.  The  total  number  of  revolutions 
tabulated  at  each  current  point  in  Table  III 
are  the  minima  which  will  give  the  accuracy 
that  has  been  defined. 

The  ratio  tests  should  be  made  at  exact 
unity  power-factor. 

A  similar  set  of  readings  is  taken  for  the 
phase-angle  tests.  The  column  headings,  for 
the  different  meter  revolutions  are^4i  ,J5i,  and 
A»,  Bi  respectively,  instead  of  at,  fci.  and  a«.  62 
respectively,  which  are  used  for  the  ratio  tests. 

The  phase-angle  tests  should  be  made  at 
!)..">  power-factor  lagging. 

Both  ratio  and  phase-angle  tests  at  each 
point  should  be  completed  before  cheeking 
the  next  point. 

(b)      Formulas 

The  following  formulas  should  be  used: 

Let  Rt  =  Ratio   of   standard   current    trans 
former. 
Ri  =  Ratio  of  current  transformer  under 

test, 
ft  =  Phase  angle  of  standard   current 

transformer, 
ft  =  Phase  angle  of  current  transformer 
under  test. 
<!i,  ii  =  Revolutions   of   watthour    meters 
.4    and   B  respectively  at   unity 
power-factor  in  ratio  test,  when 
supplied  from  the  secondary  of 
the  standard  transformer. 
a?,  l><  =  The  same  fur  the  secondary  of  the 
transformer  under  test. 
Ai,  Bi,  At,  Bj=Same   as   above   except    taken    at 
low     power-factor     for     phase- 
angle  test. 
Cos  0»  =  Power-factor  on   watthour  meter 
supplied     from     secondary     of 
standard  transformer. 
Cos  8  —Power-factor  on   watthour   meter 
supplied     from     secondary     of 
transformer  under  test. 


5     Phase 

ary  current  :  oi  0  trans- 

fer iiiers. 
S  =  ft  -  ft. 
8o=Angle    between    the    voltag 

plied    to    tlie    watthour    meters 
ami    the    primary    currenl    for 

est;  1 1ns  angle  is   •• 
mat  i']','  zcn». 
Vngle    between    the    voltage    ap- 
plied   to    the    watthour 
and     the    primary    currenl     foi 
1  his   angle    is 
approximate!     60 
For  the  ratio  test 


a2  -f  62 
For  the  phase-angle  te  1 

I    OS   II 

Cos  82 


A,+Bt     a.+fc. 


(1) 


(2) 


In  Tables  I  and  II  let  a+P+y  (the  left- 
hand  column)  represent  <5. 

Find  the  value  of  —  -  obtained  in  formula 
cos  82 

(2)  under  the  value  of  cos  82  (power-factor) 

used  in  the  phase-angle  test. 

On  the  same  line  at  the  left  in  column 
headed  a+fi+y  is  found  the  desired  value  of 
8:  then 

fa  =  Pi-8  (3) 

If  the  phase-angle  tests  have  been  made  at 
lagging  power-factor,  the  sign  of  8  is  nega- 
tive (  — )  for  all  values  of over  unity  and 

cos  8<i 

positive  (  +  )  for  all  values  below  unity;  this 
is  reversed  if  tests  have  been  made  at  leading 
power-factor. 

Particular  regard  must  be  paid  to  the 
respective  signs  in  formula  (3). 

For  exceptional  cases  where  it  is  not  possible 
to  obtain  unity  power-factor  in  the  ratio 
tests,    formula    (1)    must    be   multiplied    by 

H  where  this  factor  differs  as  much 

COS   (0„±tf,) 

as  (1.1  per  cent  from  unity  value. 

When  the  ratios  of  the  standard  trans- 
former and  the  transformer  under  test  differ 
by  more  than  .">  per  cent,  formulas  (1)  and 
(2)  should  be  rechecked  by  the  following 
fonnulas : 


Va262 


8  _     \A2B~2         laA 
82      \AtBi  X  \ 0,062 


(4) 


(5) 


cos  8 

COS  82 

These  formulas  should  be  used  for  calculation 
if  the  result  differs  from   that   obtained  by 
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formulas  (  I  ire  than  0.05  per 

cenl  in  ratio,  or  3  minutes  in  phase  angle. 

Where  the  ra1 :  25  per  cent  or 

more,  errors  occur  dui  i  rice  in  meter 

runt    points.      These 

I  by  using  the  more 

i   i  he  accuracy  of  the 

!     of  the  estimated  limit 

of  0.2  in   ratio  and    HI  minutes  in 

phase  angle. 

(c)      Calculations 

The  following  rules  should  be  used  in  mak- 
.  Ii -ulations: 

When  both  the  standard  transformer  and 
the  transformer  under  test  have  the  same 
marked  ratio,  and  when  the  ratio  results  arc 
desired  in  terms  of  the  transformer  accuracy, 

',',    -  .--  of  the  standard  transformer 
marked  ratio 

should  be  used  instead  of  R\  in  formula  (1). 
Use  of  Slide  Rule 

While  the  slide  rule  is  not  sufficiently 
accurate  to  obtain  ratios  directly,  it  may  be 
used  by  well-known  subtractive  methods 
with  considerable  saving  of  time  in  calcula- 
tions  and  without  decrease  of  accuracy.    For 

instance,  the  value  of  — -r-y  in  formula  (1)  is 
a2  +  b2 


nearly  unity.  Direct  application  of  the  slide 
rule  gives  an  accuracy  of  about  0.1  per  cent, 
which  is  not  sufficient.  By  the  following 
process,  satisfactory  accuracy  may  be  obtained. 
Let  )  equal  the  difference  between  ai  +  6i 
and  Oi+bi 

When  cti+biXis+bi 
Oi +£>2+  Y  =  ai+bi  and 


«i  +  /<i 

,;,  +  /,, 


ch+bj         Y 

a2  +  b2      a2-\-  b2 


1  + 


a2-\-b2 

The  last  division  should  be  performed  with 
a  slide  rule.    For  example,  let 

ai  +  bi=      20+20  40 

a2+b2  ~  19.88+ 19.9  ~  39.78 
The  difference  is  0.22,  so 


ai  +  bi 
a2+b2 


1  + 


0.22 


39.78 
=  1+0.0055  or  =1.0055 

Similarly,  when  ai+b\<a2-\-b2 
02  +  62— V  =  Oi  +  6i  and 
ai  +  bi      a2+b2  Y         ,  Y 


02+62 


a2  +  b2     a2  +  b2 
For  example,  let 
Pi+6i=     20+20 
a2+b2     20.12  +  20.1 


1- 


a2  +  b2 


40 
40.22 


TABLE  IV 

READINGS  OBTAINED  IN   TEST  ON  A   2:1   RATIO  CURRENT   TRANSFORMER 

Ratio   Test 


REVOLUTIONS 

Standard  Transformer 

Transformer  Under  Test 

Volts 

Amp. 

Watts 

P-F. 

01 

fci 

0! 

h 

11(1 

2.0 

220 

1.0 
Totals 

15.009 
15.006 

14.99 

1.-,  mi;, 

15.005 
15.002 
15.012 

45.019 

14.98 
14.983 
15.00 
44.963 

14.945 
14.942 
14.924 

44.811 

Phase  Angle  Test 

lag. 

A, 

Bi 

.42 

B, 

110 

2.0 

111) 

0.5                  15.005 
1  !  999 
15.00 

15.005 
15.000 
15.002 

15.046 
15.026 
15.029 

15.001 

14.98 

14.976 

Totals          45.004 

45.007 

45.101 

44.957 
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0.22,  so 
0.22 


=  1- 


The  difference  Y 
ai+by  =    40 
a»+b2      40.22  40.22 

=  1-0.0055  or  =  0.9945 

Similarly,  when  multiplying  two  quantities 
which  are  each  nearly  equal  to  unity,  as  in 
formula  (2),  make  the  following  change  and 
use  the  slide  rule. 

Separate  one  of  the  quantities  into  two 
parts,  one  of  which  is  unity.  For  example, 
1.0055=  1+0.0055,  or  0.9945=1-0.0055 

Multiply  the  other  quantity  by  these  two 
parts  separately  using  the  slide  rule  for  the 
one  operation. 

For  example,  let 


form.  ,       a    rj  9949  yj1=  1.9598) 

angle   was    )  1  1    minutes  as 
ined  by  the  shunt  method. 

For  the  ratio  results 
.ih  +  bi 


/?2  =  i?lX 


ai+bi 


(1) 


TR,    ,ai+fr, 
MR     ai+bi 


=  0.9949  X 
=  0.9949  X* 


A,+B,ai  +  b 


=  1.0055X0.9945 


A1+B1^  aa+bi 
Then  1.0055=  1  +0.0055  and 

0.9945  X  (1+0.0055)  =0.9! 145  + (0.99  15 
X0.0055)  =0.9945+0.0055  =  1.000 
Also  0.9945  =  1  -0.0055  and 

1.0055 X  (1-0. 0055)  =  1.0055- (1.0055 
X  0.0055)  =  1 .0055  -  0.0055  =  1 .000 
The  second  multiplication  should  be  made  by 
the  slide  rule  in  each  case. 

Example  of  Application  of  Method 

The  readings  given  in  Table  IV  were  taken 
in  test  on  a  2:1  ratio  current  transformer, 
using  another  2:1  ratio  current  transformer 
as  a  standard. 


TRj 
MR 

.  90.024 
'89.774 
'  l  I  0.250) 
89.774 
=  0.9949  X  (1+0.0028) 
=  0.9949+0.0028 
=  0.9977 
R2  =  0.9977X2  =1.9954 
For  the  phase-angle  results 
cos  0  _  A2+B2  v  ai  +  61 
cos  0o 


• 


Ax+Bi     a2+6; 
90.058     90.024 
90.011      89.774 


(2) 


(1+0.047; 


X  1.0028 


The 


true  ratio 
■marked  ratio 


of    the    standard    trans 


90.011 
=  (1 +0.0005)  X  1.0028 

=  1.002S +  0.01 105 
=  1.0033 

Referring  to  Table  II,  1.0033  is  found  to  be 
the    column 
The  value 


RESULTS  OF  TESTS  ON 


between    1.0025    and    1.005    in 
headed  0.5  power-factor  (cos  02 

TABLE  V 
A   2:1    RATIO  CURRENT   TRANSFORMER 
Burden  No.  1 


SHUNT 

METHOD 

WATTHOUR  METER  METHOD 

Per  Cent 

Primary    Current 

True  Ratio 

Phase 

True  Ratio 

Phase 

Marked  Ratio 

Angle 

Marked  Ratio 

Angle 

10 

1.0017 

+  29' 

1.001 

+  34' 

20 

0.9997 

+  21' 

0.9996 

+23' 

40 

0.9977 

+  14' 

0.9977 

+  18' 

60 

0.9971 

+  12' 

0.9969 

+  13' 

80 

0.9967 

+  10' 

100 

0.9959 

+  9' 

0.9961 

+  12' 

Burden  No.  4 


10 

1.0137 

+  14' 

1.0126 

+  15' 

20 

1.0077 

+  9' 

1.0076 

+  10' 

40 

1.003 

+   4' 

1 .0028 

+  5' 

60 

1.0009 

+  4' 

1.0012 

+  5' 

80 

0.9997 

+  4' 

100 

0.9991 

+  3' 

0.9996 

+  5' 
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ded    a+0+y) 
evidi  nth   aboul   I 
minutes.     The  directions  for  using  the  table 
that  S  (or  a+fi+y)  is  nega- 
tive in  this  case,  since  the  test  was  made  at 
lagging  power-fai 
The  desired  pha 

3,-5  : 

=  +ll'-(-7') 
=  +  18' 
Tin-  complete   data   taken   on   this   trans- 
i  is  given  in  Table  V. 

Time  Required 

The    time   required    for   a    complete   ratio 

and  phase-angle  test   (six  current  points)  a1 


current  transformer  tested  with  practically 
its  exact  normal  secondary  burden. 

If  special  secondary  burdens  for  use  in 
testing  are  to  lie  made  up,  it  is  usually  pos- 
sible  t"  use  induction  test  meters  with  5- 
ampere  current  coils  and  thus  cut  the  meter 
running  time  in  half  and  also  secure  better 
m  i  n  racy  at  tin-  lower  current  points. 

The  use  of  meters  with  one-ampere  or  two- 
ampere  coils  to  reduce  the  time  of  test  is 
usually  impractical »le  because  of  the  large 
increase  in  the  secondary-  burden  on  the  trans- 
former tested. 

The  speed  of  the  meters  may  also  be  in- 
creased by  shunting  the  dray  magnets.  This 
is  inconvenient  when  the  meters  are  also  to 
be  used  for  other  testing,  as  recalibration  is 


+  30' 


1.02 
1.01 
1.00- 
.99 


. 

c 
< 

1 

'l 

4 

rm 

■' 

Shunt  Method 

Watthour  Meter  Method    o 

- 

4 

1 

1 

1 

10  ?0  40  60  80  100 

Percent  Pnmarq  Amperes 

Fig.  3.      Comparative  Curves  of  Results  Obtained  by  Watthour  Meter  Method  and  by  Shunt 
Method  of  Testing  a     2:1  Current  Transformer  for  Ratio  and  Phase  Angle 


econdary  burden  and  one  frequency 
will  depend  on  the  facilities  for  regulation; 
the  actual  meter  running  time  is  about  five 
hours.  The  time  required  for  regulating  the 
current  and  power-factor  at  each  point  and 
for  interchanging  the  meters  must  be  added 
to  the  running  time  of  the  meters.  The 
running  time  for  a  three-point  check  is  two 
and  a  half  hours. 

This  estimate  of  running  time  is  based  on 
the  use  of  induction  test  meters  with  a  con- 
stant of  0.6  for  the  10-ampere  coil.  The  10- 
ampere  coils  are  used  on  account  of  their  low 
impedance  which,  when  combined  with  that 
of  the  necessary  secondary  leads  and  switches, 
makes  a  secondary  burden  about  equal  to 
that  of  a  switchboard  watthour  meter.  This 
permits  the  complete  secondary  testing  cir- 
cuit to  be  substituted  for  the  current  coil  of  a 
switchboard    watthour   meter   and   thus   the 


desirable  after  removing  the  shunt.  The 
meter  rates  with  the  shunts  must  be  adjusted 
each  time  within  2  per  cent  of  each  other. 
For  this  purpose,  a  set  screw  should  be  pro- 
vided for  adjustment  of  the  shunt.  On  the 
whole,  the  advantage  gained  is  rather  ques- 
tionable. 

Even  under  the  best  conditions,  however, 
the  time  required  for  testing  greatly  exceeds 
that  required  by  the  more  precise  shunt 
method  of  calibrating  current  transformers. 
In  the  shunt  method,  about  15  minutes  are 
required  for  the  complete  ratio  and  phase- 
angle  test  (six  current  points)  at  one  second- 
ary burden  and  one  frequency. 

Results  of  Test 

The  results  given  in  Table  V  were  obtained 
in  testing  a  2:1  ratio  current  transformer  of 
type   \\Y      The   transformer   was   tested   for 
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ratio  and  phase  angle  at  60  cycles  with  two 

different    secondary    burdens    by    both    the 

watt  hour    meter    method    and    the     shunt 

method.       For    comparison,     both     sets    of 

results  are  plotted  in  Fig.  :!. 

„,.        true  ratio  ,    , 

1  he =— = — -r-  and  phase  angle  are  plot- 

marked  ratio 

ted  against  per  cent  primary  current  instead 

of  secondary  amperes. 

In  these  tests,  a  2:1  ratio  current  trans- 
former of  Type  K  was  used  as  a  standard. 

The  maximum  difference  in  either  test  is  Dim 
per  cent  in  ratio  and  5  minutes  in  phase  angle. 

Burden  No.  1  had  an  effective  resistance  of 
0.396  ohms  and  an  inductance  of  510  micro- 
henries ( 1 1  volt-amperes  at  0.9  power-factor 
at  5  amperes  and  60  cycles). 

Burden  No.  4  had  an  effective  resistance 
of  0.97  ohms  and  an  inductance  of  4035  micro- 


henries  I  15  volt-ampen     at  0.54  power-factor 
at  5  amperes  and  60  cj  cle 

Summary 

The  mel  hod  is  applii 

to  the  testing  ol  currenl  transformers  in 
with  satisfactory  accuracy  but  its  use  should 
be  limited  !  >  re  it  is  no1  pract  ■ 

to  send  the  transformer  toa  properly  equippi  d 
laboratory  The  method  is  necessarily 
I  iecause  of  the  time  required  for  an  integration 
of  sufficicni  energy  to  render  minor  errors 
negligible.  Careful  testing  is  essential  to 
secure  satisfactory  accuracy. 

The  time  required  is  considerably  reduced 
by  the  improved  formulas  and  mi  hod  o 
calculation  presented  in  this  article.  Errors 
inherent  in  the  method  are  minimized  l>'. 
following  the  procedure  suggested. 


Lubrication  of  Steam  Turbines* 

I.    STATIONARY  OUTFITS     BEARINGS 

In  our  May  issue  we  promised  our  readers  a  series  of  articles  on  the  important  subject  of  lubrication, 
the  first  of  which  was  published  in  the  same  issue  and  was  in  the  main  a  discussion  of  the  several  method 
that  are  employed  for  keeping  steam  turbine  lubricating  oil  in  good  condition.  The  present  article,  which 
will  be  published  in  two  parts,  reviews  the  general  principles  of  oil  lubrication  with  special  reference  to  tur- 
bine bearings,  consideration  being  given  to  the  effects  of  speed,  clearance,  cooling  by  means  of  oil  circulation, 
viscosity,  and  emulsification;  and  as  a  conclusion  to  Part  I  the  specifications  of  a  satisfactory  lubricating  oil 
for  steam  turbines  are  given.  Part  II  will  consider  the  lubrication  of  steam  turbine  reduction  geai  s  w  it  h  i  pe 
cial  reference  to  marina  outfits.  Further  description  and  comments  will  be  made  on  the  methods  and  means 
of  keeping  the  lubricating  oil  in  good  condition. — Editor. 


For  the  purpose  of  analyzing  lubricating 
requirements,  steam  turbines  may  be  divided 
into  the  following  general  classes: 

1.  Horizontal  or  vertical. 

2.  Direct  drive  or  reduction  gear  drive. 

3.  Stationary  or  marine. 

The  majority  of  steam  turbines,  especially 
the  smaller  units,  are  of  the  horizontal  direct 
drive  stationary  type,  though  many  of  the 
latest  large  machines  drive  through  gears. 
This  latter  construction  is  specially  used  in  the 
case  of  marine  outfits,  as  the  speed  is  deter- 
mined by  the  speed  of  the  propeller.  We  shall 
study  first  the  lubrication  of  the  horizontal 
direct  drive  stationary  type,  and  then  consider 
what  changes  or  further  details  are  required 
by  the  other  types. 

Metallic  Friction 

Metallic  surfaces,  no  matter  how  well 
polished,  are  microscopically  rough.  When 
two  such  surfaces  are  rubbed  together  the 
small    projections    and    depressions    tend  to 

*  By  the  courtesy  of  The  Texas  Company. 


interlock.  This  can  be  overcome  only  by  a 
tearing  away  of  the  projections,  compressing 
or  pushing  them  aside,  or  by  the  separation  of 
the  sliding  surfaces  sufficiently  by  a  lubricant 
to  allow  the  projections  to  pass  each  other. 
When  the  sliding  surfaces  are  thus  covered 
with  a  lubricant,  in  order  that  the  projections 
may  interlock  the  lubricant  must  be  pushed 
from  the  depressions  and  from  around  the  pro- 
jections. While  liquids  are  mobile  and  will 
work  out  gradually  from  between  tw<  i  surfaces 
under  pressure,  yet  the  resistance  to  flow,  or 
viscosity  of  the  liquid,  hinders  the  action  and 
considerable  time  may  elapse  before  the  sur- 
faces come  into  contact. 

When  oil  is  between  two  surfaces  they  will 
not,  under  ordinary  conditions,  be  forced  into 

>  ;e  contact  as  if  the  surfaces  are  dry ,  even 
if  a  long  time  is  allowed  for  the  action  to  take 
place.  This  is  due  to  the  property  of  most 
liquids  to  adhere  to  or  to  "wet"  solids.  This 
action  is  very  strong  indeed  in  the  case  of  oils 
with    metals,    and    is    one   of    the   governing 

■  which  makes  them  such  excellent 
lubricants.    It  is  very  difficult  to  rub  all  the 
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.nl  from  a  metal  surface  unless  heati  d 

oil  seems  to  gel  into  the  pun's  of  the  metal  and 

to  be  displaced. 

This   adhesive   property    of   oil,    however, 

although  .i    isting  in  lubrication,  is  not  suffi- 

cienl  in  '  ii.  ca  i  ol  turbines  ti  i  maintain  a  film 

of  ml  between  the  rotating  journal  and  the 

I  prevenl  metalli  The 

ci  i  it  ,i  film  will  depend  primarily  on 

the  character  of  surface,  load  per  square  inch, 

rubbing  speed,  cl  id  viscosity  of  the 

i  he  temperature  of  the  bearing.   Smooth 

surfaces  can  operate  with  le  e  than 

rough  "lies,  and  hence  will  require  less  thick- 

■  i  ml  film  ti  i  keep  them  i  intact. 

An   increase  in  load  on  a  bearing  naturally 

tends  tn  force  the  oil  ou1  and  the  parts  nearer 

ier,  and.  other  things  being  equal,  when 

a  bearing  is  subjected  to  a  heavy  load,  a  higher 

cosity  oil  is  necessary  to  keep  the  parts  out 

of  contact   than  when  the  load  is  light. 

Effect  of  Speed 

The  rubbing  speed  affects  the  amount  of  oil 
ed  mt".  or  out  of,  a  bearing.  As  pre- 
viously stated,  a  film  of  oil  adheres  tenaciously 

revolving  journal,  and  on  account  of  the 
viscosity  of  the  <>il  the  adjacent  layers  to  that 
adhering  to  the  metal  are  dragged  with  it. 
These  are  resisted  from  entering  the  clearance 
space  by  the  fact  that  the  oil  already  there  is 
being  forced  out  by  the  weight  of  the  bearing. 
This  latter  force  is  practically  a  constant, 
while  the  force  dragging  the  oil  with  the 
journal  is  proportional  both  to  rubbing  speed 
and  viscosity  of  the  oil.  It  is  thus  seen  that  at 
high  rubbing  speeds  an  oil  of  less  viscosity  is 
required    in    order    to    maintain    an    oil    film 

!  the  expulsion  force  than  at  low  speeds. 

Clearance  Space 

The  design  of  the  bearing  greatly  influences 
the  maintenance  of  an  oil  film.  As  mentioned 
above,  a  revolving  journal  drags  the  oil  into 
the  clearance  space.  This  is  assisted  by  having 
this  clearance  space  somewhat  larger  at  the 
point  of  entrance  of  the  oil  than  at  the  other 
parts  of  the  hearings.  This  forms  a  wedge  of 
nil.  the  oil  entering  at  the  thick  part  of  the 
wedge  and  going  out  at  the  thin  edges. 
Analysis  has  shown  that  the  pressure  in  the 
oil  film  varies  in  different  parts,  the  least 
pressure  existing  at  the  top  and  sides  of  the 
bearing.  It  is  therefore  necessary  that  the  oil 
he  introduced  at  these  points  of  low  pressure. 
The  clearance  space  allowed  in  most  turbine 
bearings  is  1  I  nun  inch  for  each  one  inch 
diameter  of  journal.     In  modern  high  speed 


hearings  using  light  oils  it  has  been  found  thai 
no  oil  grooves  should  lie  used,  as  they  may 
allow  the  loss  of  the  buill  up  oil  pressure  in 
the  hearings  space.  In  some  hearings,  how- 
ever, oil  grooves  are  still  used. 

Fluid  Friction 

We  have  discussed  the  elimination  of  metal- 
lic friction  by  the  interposition  of  an  oil  film. 
This  does  not  entirely  do  away  with  friction, 
as  the  oil  itself  presents  a  resistance  which 
may  become  quite  considerable.  As  we  have 
previously  seen,  oil  adheres  quite  tenaciously 
to  metal  surfaces.  Therefore,  in  sliding  one 
surface  over  another  separated  by  an  oil  film, 
the  sliding  takes  place  in  the  oil  body  and  not 
between  the  oil  and  metal.  The  viscosity  of 
the  oil  resists  this  shift  in  the  oil  film  or,  prac- 
tically speaking,  the  sliding  of  two  oil  films 
1 1\  er  each  other,  and  energy  must  be  expended 
to  tiring  it  about.  The  amount  of  energy 
required  to  turn  a  journal  in  a  bearing,  if  the 
clearances  do  not  change,  is  proportional  to  the 
viscosity  of  the  oil  and  the  speed  of  rotation. 
It  can  readily  be  seen,  therefore,  that  while  at 
low  speed  the  heat  generated  may  be  small,  at 
the  high  speed  necessary  in  turbines  the  heat 
due  to  friction  may  be  very  great.  This  is 
accentuated  by  the  fact  that  for  many  reasons 
it  is  desirable  to  have  small  clearance  spaces, 
and,  by  the  nature  of  viscosity,  the  friction 
resistance  in  the  oil  body  is  inversely  propor- 
tional to  the  thickness  of  the  film.  This  fric- 
tional  heat  therefore  increases  with  decreasing 
thickness  of  film. 

Cooling  Effect  of  Oil 

This  heat  is  generated  so  rapidly  that  it  is 
impossible  for  it  to  be  radiated  or  conducted 
away  as  quickly  as  produced,  and  it  is  one  of 
the  principal  functions  of  the  oil  to  carry  away 
this  heat.  This  is  very  essential,  as  the  vis- 
cosity, and  hence  supporting  power,  of  the 
oil  drops  rapidly  with  temperature  rise,  and 
may  quickly  reach  a  point  where  the  oil  ceases 
to  keep  the  metal  surfaces  apart  and  there  will 
be  seizing.  It  is  customary,  therefore,  to  use  a 
large  quantity  of  oil,  forcing  it  into  the  bearing 
under  pressure.  Part  of  the  oil  passes  through 
the  clearance  space  while  the  excess  acts  as  a 
cooling  agent  before  draining  back  into  the 
sump  tank.  The  top  of  the  bearing  brasses 
may  be  slotted  to  allow  the  oil  to  get  at  the 
journal  and  keep  it  cool.  The  bottom  brass  is 
not  so  easily  cooled,  as  only  oil  in  the  clearance 
space  comes  in  contact  with  it,  and  this  oil  is 
very  hot.  The  cooling  here  is  practically  all  by 
conduction  to  some  surface  over  which   the 
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main  body  of  oil  is  flowing,  unless  the  oil  is 
forced  through  the  clearance  space. 

The  temperature  of  the  oil  into  and  out  of  a 
bearing  will  vary  according  to  the  amount  of 
oil  being  flooded  through  it,  but  often  shows  a 
rise  of  15  deg.  to  20  deg.  F.  When  it  is  considerei  1 
that  this  heat,  which  is  distributed  in  a  large 
volume  of  oil,  is  in  most  cases  produced  in  only 
that  small  portion  passing  through  the  clear- 
ance space,  it  is  evident  that  the  temperature 
of  the  oil  film  may  be  exceedingly  high,  and 
only  the  best  grade  of  oil  will  withstand  it. 

To  this  heat  must  be  added  the  heat  con- 
ducted along  the  shaft  and  housing  from  the 
turbine.  Some  bearings  may  be  water  cooled 
to  cut  this  down,  but  in  most  cases  the  oil  is 
required  to  carry  off  this  heat.  Oil  temperatures 
of  175  deg. -185  deg.  F.  are  not  unusual.  This 
high  general  temperature,  however,  need  not 
necessarily  cause  any  alarm  provided  the  rise 
in  the  oil  film  is  not  excessive.  The  matter  of 
temperature  depends  on  the  design  of  bearing 
and  viscosity  and  volume  of  the  oil.  As 
previously  stated,  oils  decrease  rapidly  in  vis- 
cosity as  the  temperature  rises,  and  the  value 
of  an  oil  as  a  lubricant  will  depend  on  the  vis- 
cosity at  the  working  temperature  and  not  on 
its  rated  viscosity,  usually  taken  at  100  deg.  F. 
In  fact,  if  the  oil  is  also  required  to  work  on 
gears,  it  may  be  necessary  to  heat  it  so  that  its 
viscosity  is  sufficiently  reduced  to  operate 
satisfactorily  in  the  bearings. 

Viscosity 

There  are  a  number  of  formulas  purporting 
to  give  the  viscosity  of  an  oil  required  to  oper- 
ate in  a  turbine  bearing  of  stated  dimensions. 
Some  of  these  may  give  a  general  idea,  but  it  is 
unsafe  to  depend  too  much  upon  them  without 
making  some  experiments  on  the  actual  piece 
of  apparatus  under  consideration.  While  in 
many  cases  an  oil  having  a  viscosity  of  about 
150  sec.  Saybolt  at  100  deg.  F.  may  operate 
satisfactorily,  slight  variations  in  bearing 
clearances  or  alignment,  and  different  speeds 
and  tempera  turesmay  entirely  alter  the  require- 
ments. It  is  axiomatic,  however,  that  it  is  bet- 
ter to  have  an  oil  of  too  high  viscosity  than  one 
of  too  low  a  value.  The  more  viscous  oil  will 
cause  higher  fluid  friction  and  consequently  a 
higher  bearing  temperature,  but  this  condition 
will  soon  be  partially  corrected  as  the  viscosity 
will  go  down  with  rising  temperature,  reducing 
the  friction  until  a  working  equilibrium  is 
reached,  and  the  temperature  will  net  rise 
further.  On  the  other  hand,  if  the  viscosity  is 
too  low  there  may  be  metallic  rubbing  with  a 
rise  in  temperature  which,  further  reducing 


the  viscosity,  will  decn 
of  the  oil  and  seizing  will  soon  resull 
unstable  condition  which  is  very  undesirable 
and  ap1  tob  ed  when  toomuch  atten- 

tion is  paid  to  |  etting  the  oil  with 

ity   thai    will   work   under  the  normal 
operating  temperal  i 
_  Then-  an-  a  number  of  oth< 

ity  which  influence  thi  in  oil 

fur  a  turbine  bearing,  and  these-  will  n 
considen  d 

Evaporation 

The  turbine  oiling  system  is  usually  a  t  ightly 
enclosed  affair,  as  free  from  oil  leaks  as  it  is 
possible  for  mechanics  to  make,  consequent lv 
there  is  very  little  loss  of  oil  and  the  initial 
charge  lasts  a  long  time.  Any  petroleum  oil 
when  agitated  in  the  presence  of  air  at  the 
temperatures  of  the  bearing  will  vaporize  to  a 
certain  extent,  depending  on  the  characteris- 
tics of  the  oil.  Some  of  the  lighter  portions  of 
the  oil  will  be  driven  off,  no  matter  how  tightly 
the  system  may  be  enclosed,  and  the  remain- 
der of  the  oil  will  slowly  thicken  and  increase 
its  viscosity.  Properly  refined  oils  having  a 
minimum  evaporation  will  last  a  long  time 
without  any  serious  increase  in  viscosity  due 
to  this  cause,  and  there  are  records  of  turbines 
operating  for  years  on  one  charge  of  oil,  only  a 
small  amount  being  added  from  time  to  time 
to  make  up  for  evaporation  and  leakage.  The 
leaving  of  a  single  charge  of  oil  in  a  turbine  for 
a  long  time  without  some  sort  of  attention  is 
not  to  be  recommended,  however. 

Decomposition 

Perhaps  the  greatest  effect  of  the  high  bear- 
ing film  temperature  on  an  oil  is  a  slow  decom- 
position and  possible  oxidation.  All  petroleum 
oils,  when  subjected  to  high  temperatures, 
slowly  change  their  composition,  and  if  air  is 
present  there  may  be  a  slight  oxidation.  This 
results  in  an  admixture  of  undesirable  com- 
pounds that  may  cause  gumming,  emulsifica- 
tion,  and  under  extreme  conditions,  and 
specially  if  water  is  present,  there  may  lie  a 
slight  corrosion.  This  latter  effect  is,  however, 
largely  overdrawn  and  almost  all  cases  of  sup- 
posed corrosion  can  be  traced  to  other  causes. 
The  petroleum  acids  which  may  be  found  in 
small  quantities  are  quite  inactive,  and  even 
in  the  presence  of  water  must  be  quite  concen- 
trated to  have  any  corrosive  effect. 

This  slow  breaking  down  usually  manifest  s 
itself  by  a  darkening  of  the  oils,  which,  how- 
ever, may  proceed  for  a  long  time  before  the 
lubricating  qualities  of  the  oil  will  be  seriously 
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affected.  The  pale  oils  on  account  of  their  light 

how  this  darkei  pidl 

dark  oils,  bul  arc  in  reality  not  decomposed 

any  mere  than,  if  as  much  as.  the  red  nils. 

Emulsification 

The  mosl  cl   of  the  gradual 

ing  down  of  oils  .  rial  ii  m  of  oil 

bodies  which  emulsify  with  water.  Highly 
refined  oils  of  proper  character  when  shaken 
with  water  will  separate  from  the  water  very 
quickly  if  allowed  to  stand  quietly  a  tew 
Is.  Water,  in  practice,  cannot  be  kept 
out  of  the  turbine  oiling  system.  It  may  come 
from  leal:--  m  the  bearing  cooling  water  jackets 
or  in  the  oil  cooler  pipes,  from  steam  leaking 
through  the  stuffing  boxes,  from  moist  air 
drawn  into  the  system,  from  cooling  or  steam 
heating  coils  in  the  filtering  system,  etc.  It  the 
oiling  system  ha  erly  designed  and 

ity,  when  a  suitable  oil  is  use<  1 
all  of  the  entrained  water  will  separate  from 
the  oil  in  the  reservoir  and  may  be  drained  off, 
hut  if  tin  amount  of  oil  in  the  system  is  too  small, 
requiring  rapid  circulation,  there  is  not  enough 
time  for  the  water  to  separate  and  it  is  carried 
with  the  oil  to  the  bearings.  The  quality  of 
two  oils  being  the  same,  the  oil  with  the  lower 
viscosity  and  the  lower  specific  gravity  will 
rate  from  water  the  more  readily. 

When  oils  are  used  which  are  not  properly 
refined  and  filtered  for  this  purpose,  the  con- 
tinued  agitation  of  the  oil  and  entrained  water 
will  form  an  emulsion.  The  oil  becomes  thick- 
ened and  picks  up  and  holds  foreign  particles 
into  the  system,  which  act  as  abrasives 
when  tin-  oil  is  supplied  to  the  bearings.  As  the 
ml  becomes  thicker  and  thicker,  it  finally 
reaches  a  point  where  it  will  not  flow  properly 
through  the  oil  pipes  and  bearing  grooves,  and 
learings,  not  receiving  proper  lubrication, 
e  hot  and  wear. 

Naturally    the    best    means   of   preventing 

emulsion  is  no1   to  allow  water  or  steam  into 

item    As  this  is  practically  impossible,  a 

place  must  be  arranged  in  the  filtering  system 

where  the  oil  can  come  to  comparative  rest, 

and  the  water  allowed  to  settle  out.   It  may  be 

advisable  to  heat   the  oil  so  as  to  allow  this 

settling  to  take  place  more  rapidly.     If  the 

amount  of  oil  used  in  a  system  is  large  and  the 

emulsion  small,  it  is  not  necessary  to  treat  the 

quantity    of    oil    each    time    it    passes 

through  the  lubricating  cycle,  but  a  portion 

be    continually    by-passed,   settled    and 

then  passed  back  to  the  main  supply. 

An;  uitable  for  turbine  use  must 

have  a  high  resistance  to  emulsification.   This 


quality  depends  on  the  character  of  the  oil  and 
the  treatment  which  it  has  undergone  in 
refining.  Oils  suitable  for  turbine  use  will 
separate  very  quickly  from  hot  water  and  leave 
the  water  only  slightly  cloudy.  Oil  can  be 
compared  for  emulsibility  by  shaking  equal 
quantities  with  equal  quantities  of  water  and 
.allowing  to  stand.  Inthisconnei  tion,  however, 
it  must  be  remembered  that  oils  with  high 
viscosities  separate  more  slowly  than  those 
with  low  visci  isities. 

Akin  to  the  emulsifying  action  of  oil  in  a 
turbine  system  is  foaming.  This  manifests 
itself  in  an  overflowing  of  the  reservoir  or  at 
some  other  open  vent.  It  is  caused  by  the 
presence  of  a  temporary  emulsion  which  is 
formed  by  some  agitating  action  more  rapidly 
than  it  can  settle  out.  This  emulsion  may 
either  be  a  mixture  of  oil  and  water  or  oil  and 
air.  It  naturally  is  more  prone  to  form  with 
heavy  viscous  oils  than  with  the  more  fluid 
ones.  The  remedy  is  an  ample  sized  drain  line, 
and  a  settling  tank  of  good  proportions,  heated 
if  necessary. 

Sludge 

When  some  oils  break  down  under  heat  and 
pressure  there  may  be  formed  certain  types  of 
petroleum  compounds  which  are  more  or  less 
insoluble  in  the  oil  mass.  These  compounds 
usually  settle  out  in  the  settling  tank  in  the 
form  of  a  sludge,  or  are  filtered  out  by  the 
filters;  but  if  there  are  any  pockets  in  the 
lubricating  lines  they  are  apt  to  settle  there, 
specially  if  the  settling  or  filtering  units  are 
not  efficiently  operated.  If  the  oil  pumps  are 
always  run  at  the  same  speed,  and  no  large 
amounts  of  new  oil  are  added,  this  settling  of 
the  gummy  products  will  not  do  much  harm 
provided  the  whole  system  is  cleaned  at  stated 
intervals.  But  on  the  other  hand,  if  for  any 
reason  the  pumps  are  speeded  up  or  an  oil  of  a 
different  character  is  added  to  the  system,  this 
gummy  sludge  may  become  dislodged  or  dis- 
solved loose  from  its  resting  place  and  cause 
no  end  of  trouble  in  the  system.  If  it  is  sur- 
mised that  the  sludging  is  taking  place  it  is 
better  to  remove  a  little  oil  at  a  time,  using  it 
&  >r  i  >ther  purposes  and  replacing  by  fresh  oil. 
< )r  if  the  oil  seems  to  be  all  right  otherwise,  the 
batch  removed  may  lie  returned  after  cleaning. 

Foundations 

One  of  the  most  essential  items  in  the 
installation  and  operation  of  steam  turbines 
is  the  foundation  on  which  the  unit  rests. 
When  it  is  considered  hi  >w  small  are  the  bearing 
clearances    allowed,    it    is   evident    that   any 
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sagging  or  shifting  due  to  strains  or  improper 
setting  up  may  so  change  the  alignment  as 
to  cause  the  bearings  to  bind  and  run  hot. 
The  foundation  must  be  absolutely  rigid  with 
smooth  surface  for  attaching  the  base  of  the 
unit.  In  setting  up  the  machine  base,  means 
should  be  provided  for  compensating  for  am 
unequal  metal  expansion  due  to  unequal 
heating.  In  addition  flexible  couplings  may  be 
provided  between  the  turbine  and  driven 
apparatus,  but  these  should  be  in  the  nature  of 
an  extra  precaution  and  not  as  an  essential 
detail.  The  parts  of  the  unit  should  run  in 
alignment  without  the  coupling.  Couplings 
should  be  lubricated. 

Another  feature  which  must  be  considered 
in  any  oiling  system  is  the  oil  operated  governor. 
In  some  types  these  become  quite  warm,  and 
the  oil  should  be  kept  free  from  gum  or  emul- 
sions. They  usually  operate  under  pressure  of 
oil,  the  excess  draining  into  the  sump  tank. 

Specifications 

In  regard  to  the  proper  specifications  for  an 
oil  that  will  lubricate  turbine  bearings  at  a 
minimum  cost  of  operation,  it  is  difficult  to 
make  a  definite  statement  that  will  hold  in  all 
cases.    It  can  be  stated,  however,  that: 

1.  It  should  be  a  highly  refined  mineral  oil 
without  any  mixture  of  fatty  oil. 

2.  It  should  be  straight  run  and  show  a  low 
evaporation  loss  when  heated  to  175  deg.  F. 

3.  It  should  resist  emulsification  with  water 
to  as  high  a  degree  as  is  practical  to  manufac- 
ture. There  is  some  difference  of  opinion  as 
to  how  a  standard  emulsification  test  should 


be  carried  out,  but  a  rough  idea  can  be  made 
by  shaking  equal  quant  Itii     oi  oil  and  water 
vigorously  and    watching   how   quicklj 
separate.     A  good  oil  hould   ;<  para 

second     ••  n  li-iiii    .Mr.     pr imced    collar   of 

mi  teparated  emul 

I.  Th    da:  h  point  should  he  over  320 
or  sufficiently  high  to  indicate  a  low  evapo- 
ration percentage. 

•").  Acidity:  Less  than  (1.07  milligram  potas- 
sium hydroxide  should  he  required  to  neutral- 
ize 1  gram  oil. 

(i.  Viscosity:  If  hearing  clearance 
are  uniform  in  thickness,  alignment  perfect, 
and  speed  high,  an  oil  of  L50  sec  Saybolt  vis- 
cosity will  probably  operate  satisfactorily  pro- 
vided the  temperatures  do  not  go  over  I7."> 
deg.  F.  But  as  we  have  stated  previously, 
alignment  and  clearance  spaces  are  rarely 
ever  perfect  and  if  metallic  contact  takes 
place  to  any  extern  due  to  unusual  circum- 
stances, the  heating  thereby  caused  will  result 
in  the  lowering  of  the  viscositj  in  the  rubbing 
film  and  seizing  will  soon  follow.  We  there- 
fore feel  safer  in  recommending  an  oil  ol 
180-20(1  sec.  viscosity  at  100  dee  F.,  belli 
that  a  slight  extra  heating  of  a  bearing  is  bet- 
ter than  a  burned  out  one.  In  large  turbines 
it  may  he  necessary  to  go  to  higher  viscosities 
but  designers  usually  keep  the  hearing  unit, 
pressures  low  enough  to  allow  of  the  I  so  200 
sec.  oil  being  used. 

In  a  later  article  we  shall  consider  the 
lubrication  of  reduction  gears,  and  discuss 
purifying  and  operating  systems,  particularly 
as  applied  to  marine  outfits. 
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High  Frequency  Absorbers 

Part  II 

By  G.  Faccioli  and  H.  G.  Brixton 
Pittsfield  Works,  General  Electric  Company 

.  which  discussed  the  condenser-resistance  type  of  absorber,  was  published 
Review.  Part  II  discusses  the  inductance-resistance  type  of  absorber.  For  the 
of  comparison,  the  method  of  treatment  has  been  made  very  similar  to  that  of 


Inductance-resistance 

In  Part  I  of  this  article  we  discussed  high 
frequency  absorbers  consisting  of  a  con- 
denser in  series  with  a  resistance.  We  will 
now  consider  absorbers  consisting  of  an 
inductance  shunted  by  a  resistance.  The 
theoretical  treatment  will  be  similar  to  that 
used  in  connection  with  the  condenser- 
resistance  and  is  given  in  Appendix  II.  The 
inductance  and  resistance  will  be  regarded  as 
concentrated. 

As  in  Part  I.  the  action  of  this  device  will 
be  investigated  in  connection  with: 
r.ed  oscillations. 

(b)  Rectangular  waves  of  different  lengths. 

i     St 

With  a  given  inductance  and  a  high 
frequency  oscillation  of  given  current  Iy  the 
dissipation  of  energy  in  the  absorber  varies 
with  the  resistance  and  with  the  frequency. 


Assuming  that  the  oscillation  is  sustained,  the 
voltage  across  the  absorber  is 

E=RIR=XIx 
where  R  is  the  value  of  the  resistance  in  shunt 
with  the  inductance  or  choke  coil,  Ir  is  the 
current  flowing  through  this  resistance.  X  is 
the  value  of  the  inductive  reactance  of  the 
choke  coil.  Ix  is  the  current  flowing  through 
the  choke  coil.  The  resistance  of  the  choke 
coil  is  assumed  to  be  zero. 
It  is  evident  that 

The  energy  dissipated  in  the  absorber  is 

RlR-  =  RIl"     p;^    y„ 

This  loss  is  a  maximum  for  R  =  X  as  can 
be  proved  bv  the  same  procedure  as  used  in 
Part  I. 

For  a  given  reactance  A*i  the  maximum 

ssis 

RlR1     :      I  =      1"TT 
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Let  a  =  -r?  and  substituting  in  the  general 

A  i 


equation,  we  have 


,.V, 


The  relative  RFr2  loss  for  different  values  of 
"a"  is  shown  in  Fig.  12,  where  the  maximum 

v 
loss,  namely  I2'-^-   is  taken  as  unity.     This 

maximum  loss  occurs,  as  we  have  seen  before, 

at  a  =  yr  =  1.    This  curve  shows,  as  in  the  case 


be  effective  for  the  higher  range  of  danger 
frequencie  i.    60  1 

Part  I  is  approximately  the  average  in   thi 
range  of  the  danger  frequencies. 

(6)  Rectangular  Traveling  Waves 

The  traveling  wave  will  be  considered  as 
havin  angular    front    passing    from 

circuit,  /  of  natural  impedance  Z\  (see  Fig.  1  li 
to  circuit  2  of  natural  impedance  Z2  thl 
a   high    frequency   absorber   consisting 
choke    coil    of    concentrated    inductam  i 
shunted  by  a  resistoi  ol  concentrated  resist- 
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Kilo  Cyclt 
Fig.  13 


of  the  condenser-resistance,  that  R  may  be 
varied  over  quite  a  wide  range  for  a  given 
value  of  X  without  greatly  decreasing  the 
loss. 

If  L  and  R  are  taken  as  constant,  the  energy 
loss  varies  with  the  frequency.  Let  us  consider 
the  effect  of  varying  the  frequency  for  several 
values  of  R  and  a  given  value  of  L.  This  varia- 
tion of  the  loss  with  the  frequency  for  different 
values  of  R  is  shown  by  the  curves  of  Fig.  13, 
where  R  is  given  in  terms  of  X\,  and  X\  is  the 
inductive-reactance  at  60  kilocycles.  The  same 
ordinates  are  used  as  in  Fig.  12. 

Figs.  12  and  13  show  that  the  resistance 
may  be  varied  over  a  considerable  range  with- 
out greatly  decreasing  the  efficiency,  and  if 
the  absorber  is  designed  to  be  effective  at  the 
lower  range  of  danger  frequencies,  it  will  also 


ance  R.  Part  of  the  energy  of  the  incoming 
wave  is  transmitted  to  circuit  .'.  part  is  dis- 
sipated in  the  resistance  R,  part  is  tem- 
porarily stored  in  the  inductance  and  part  is 
reflected  back  into  circuit  /.  The  equation 
for  the  energy  absorbed  by  the  resistor  from 
the  time  at  which  the  wave  front  arrived  at 
the  resistor,  which  time  is  taken  as  zero  to 
the  time  "t"  is 


WR  =  PJ^,*h^A  (l-e-2A')  (16) 


where 


11 R  (Zi+Z,)* 

1     Zi+Zj 


A  = 


L       Zi+Zt 

i+      R 


(7) 


These  formulas  are  taken  from  Appendix  II. 
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In  studying  the  energy  absorption  by  this 
■    for  different  values  of  the 
consider  the  case  where 
the  choke  coil  has  a  concentrated  indui 

!  milli-henries  and   the  circuit  /  has  a 
natural    impedance  Z\  =  300    ohms.    Tin 
locity    of    the    wave    in  circuit    /   is  taken  as 
1000  ft.   per  micro-second,  which  is  approxi- 
ocitj  on  an  overhead  line. 
Three  eases  will  be  considered  as  in  Part  I. 
(1)  Z.=  Id  Z\  or  3000  ohms  representing  a 
■  rmcr. 


Z, 


z* 


(2)  Zi='A\  or  300  ohms,  the  circuits  having 
the  same  constants  on  both  sides  of  the 
absorber. 

(3)  ^2=777   Z\   or  30   ohms,    representing 

a  cable. 

In  all  eases  the  incident  wave  is  taken  with  a 
vertical  front,  with  a  voltage  Pi  and  current 
/,. 

Fig.  15  shows  the  loss  Wr  with  a  wave  of 
infinite  length  passing  through  the  absorber 
from  circuit  Zi  =  300  ohms  to  circuit  Z2.  The 
energy  loss  is  plotted  in  terms  of  the  energy 
in  liioii  ft.  of  the  incoming  wave  as  explained 
in  Part  I.  The  ordinates  are,  therefore, 
II* 

pjao-6 

where  Wr  is  the  watt  loss  in  the  resistance, 
Pi  and  h  respectively  the  voltage  and  current 
of  the  incoming  wave.  The  abscissae  give 
the  resistance  in  terms  of  Zx.  The  curves  for 
Zi  =  10Z\  is  omitted  because  of  the  small 
value  of  the  ordinates. 

Fig.  16  shows  how  the  total  energy  dis- 
sipation for  a  wave  of  infinite  length  varies 
with  the  inductance  for  a  circuit  Zi  =  300 
ohms  and  Z-,  =  'A()  ohms.  The  loss  is  directly 
ortional  to  the  inductance. 

The  curves  of  Figs.  15  and  16  show  that 
very  low  values  of  shunt  resistance  give  the 
most  dissipation  for  waves  of  infinite  length. 
An  infinitely  long  wave  is  not,  however, 
dangerous  except  for  a  possible  steepness  of 
wave  front.  A  continuously  applied  voltage 
corresponds  somewhat  to  an  infinitely  long 
Waves  of  comparatively  short  length 
may  be  dangerous  because  of  steepness  of 
wave  front  and  also  because  a  succession  of 


such  waves  may  produce  dangerous  local 
oscillations  and  potentials.  We  are  therefore 
principally  interested  (from  the  energy  stand- 
point) in  absorbing  the  energy  of  waves  of 
comparatively  short  length.  Wit  Inn  certain 
ranges  of  R  and  /.,  the  dissipation  of  energy 
is  nearly  as  much  for  comparatively  short 
waxes  as  for  infinitely  long  waves.  For  this 
reason,  it  is  permissible  hi  om<  cases,  to  use 
the  equations  of  energy  loss  for  infinitely  long 
waves,  in  discussing  comparatively  short 
waves.  This  is  the  method  used  in  the 
numerical  example  given  later  in  this  arti<  le 

Fig.  17  shows  the  time  required  for  the  loss 
W'r  to  reach  0.6  and  0.8  of  its  maximum  value 
(that  is,  the  value  for  a  wave  of  infinite  length  I 
with  an  inductance  L  =  3.2  milli-henries  and 
for  a  circuit  Z,  =  300  ohms  and  Z2  =  30  ohms. 
Figs.  15  and  16  showed  that  the  total  energy 
dissipation  for  very  long  waves  is  great" 
very  small  values  of  R.  Fig.  17  shows  that 
the  rate  of  energy  dissipation  is  not  so  great 
for  the  very  small  values  of  R.  For  example, 
with  R  =  Z\  about  10  micro-seconds  are  re- 
quired for  the  loss  to  reach  0.6  the  maxi- 
mum value,  while  with  R  =  0.2Z^  28  micro- 
seconds are  required  for  the  loss  to  reach  the 
same  value.  Therefore,  for  very  short  waxes, 
where  the  rate  of  energy  dissipation  is  im- 
portant, the  smallest  values  of  R  are  not  the 
most  effective. 

To  determine  the  best  values  of  R  for 
waves  of  very  short  length,  we  will  now 
consider  two  waves  of  5000  and  10,000  ft. 
in  length.  Fig.  18  shows  the  loss  Wr  (plotted 
as  before  in  terms  of  the  energy  of  1000  ft.  of 
incoming  wave)  for  a  circuit  Zt  =  300  ohms 
and  for  three  values  of  Z2,  with  an  absorber 
of  inductance  3.2  milli-henries  and  rectangular 
incoming  waves  of  5000  ft.  and  10,000  ft.  in 
length.  The  curve  for  Z2  =  10Zt  and  /=  10 X 
l(i  '  seconds  is  omitted.  The  inductance  value 
has  been  chosen  to  make  these  energy  absorp- 
tion curves  cover  about  the  same  range  as 
those  for  the  condenser-resistance  absorber  in 
Fig.  4.  It  is  interesting  to  note  that  the 
inductance-resistance  absorber  is  most  effec- 
tive for  a  wave  passing  from  one  circuit  to 
another  circuit  of  lower  natural  impedance, 
whereas  the  condenser-resistance  absorber 
is  most  effective  for  waves  in  the  opposite 
direction.  These  curves  show  that  the  resist- 
ance can  be  varied  over  a  considerable  range 
without  greatly  affecting  the  energy  dis- 
sipation. 

Fig.  19  shows  how  the  loss  Wr  varies  with 
Lfor  a  circuit  Z,  =  300  ohms  and  Z2  =  30  ohms, 
with  rectangular  incoming  waves  of  5000  ft. 
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and  10.000  ft.  length.  Comparing  this  figure 
with  Fig.  16,  we  see  that  the  value  of  L  does 
not   have  so  mui  I'h  short   waves, 

and   that    the  shorter  the  wave,  the  less  the 
value  of  L  which  will  allow  efficient  dissipa- 
An  absorber  that  is  effective  for  waves 
of  5000  and   10,000  ft.  length,  will  be  still 
effective  for  shorter  wa 

how  the  energy  of  the 
incoming  v  5000  ft.   length   divides. 

Wr  is  the  energy  dissipated  in  the  resistance, 
11'/.  the  energy  stored  temporarily  in  the 
inductance,  Wt  the  energy  transmitted  to 
circuit  2  and  II',  the  energy  reflected  to  circuit 
/.  These  curves  arc  for  a  circuit  Zi  =  300 
ohms  and  an  inductance  of  3.2  milli-henries. 

Pig.  20  is  for  Zi=^}Zl  and  Fig.  21  for  Z2  = 

Z\.  All  of  the  energies  are  plotted  in  terms  of 
the  energy  of  1000  ft.  of  the  incoming  wave. 
Fig.  22  shows  the  transmitted  voltage  wave 
Pi  and  reflected  voltage  wave  Pr  when  a 
rectangular  wave  Pi  comes  to  an  absorber 


of  inductance  L  =  3.2  milli-henries  and  resist- 
ance R  =  Z{  =  300  ohms.  The  voltage  Pi  of 
the  incident  wave  is  taken  as  unity  and  the 
wave  front  of  the  transmitted  wave  is  plotted 
for  three  values  of  Z2,  namely,  Z2  =  10  Z\,  Z2 

=  Z\  and  Z2  =  ttjZi.    The  complete  transmitted 

and  reflected  waves  are  drawn  only  for 
Z2  =  Zl.  The  other  waves  are  similar.  Fig. 
23  shows  the  same  waves  when  there  is  no 
shunting  resistance  R.  These  waves  have 
been  taken  very  long  in  order  to  show  the 
voltages  reaching  approximately  their  maxi- 
mum value. 

Fig.  24  corresponds  to  Fig.  11  and  shows 
how  the  starting  values  of  P2  are  affected  by 
the  value  of  shunt  resistance.  All  conditions 
are  the  same  as  those  in  Figs.  22  and  23.  Steep 
wave  fronts  are  flattened  out  most  when  Z2 
is  less  than  Z\. 

It  will  be  interesting  to  work  out  a  simple 
numerical  example  by  applying  the  formulae 
for  traveling   waves  given  in   Appendix   II. 
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It  may  In-  well  to  point  out  that  at  t  =  0  all 
tin-  a  mditions  are  the  same  as  if  the  resistance 
me  were  connected  in  series  with  the 
line,  while  final  conditions  are  the  same  as  if 
the  resistance-inductance  absorber  were  short- 
circuited.      Let  us  assume 

Zx  =  500  ohms 

Z2  =  2000  ohms 

L  =2XK)-3  henries 

R  =  Zi+Z2  =  25 )hms 


This  value  of  resistance  is  chosen  because 
it  gives  the  maximum  rate  of  dissipation  of 
energy  at  t  =  0. 

The  incoming  wave  has 
Pi  =10=  volts 
/i  =200  amperes 

The  energy  per  thousand  feet  of  the  in- 
coming wave  is  then  20  watt-seconds  (taking 
the  velocity  as  1000  feet  per  micro-second). 
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Substituting   in  formulae  (7)  and  (21),  we 
have 

25!  HI     1  1 


A     2X10~32 
RA~2 


1(3X10" 


103 


F  =  10s  X  2  X  K  r  X  2  X  10-3  (2^3o6«  =  "'  ,256 
The   current   h   of   the   transmitted   wave 
goes  from  200  ~ ~  =  40  at  /  =  ()  to  80  at 
t  =  infinity.     See  (10). 


from 


2»o(| 


The  current  /,  of  the  reflected  wave  goes 
L000        1       \     , 
00'250d^8Xllp)  =  160aU  =  0 
to  120  at  «  =  infinity.     See  (11). 

If  the  absorbers  were  omitted,  the  energy 
of  the  incoming  wave  would   b<-  divided  as 
i    y  y 

follows:     The  part     „         ".„=  0.114  would  be 
(Zi  +  Z2)" 

(Zt  —  Z  )2 
transmitted,    and    the    part  '  7 —  =  0.36 

Z2+Z1 

would  be  reflected,  and  the  wave  fronts  would 
remain  vertical.     See  (17)  and  (18)  for    F  =  0 
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Fig.  23.      Curves  Based  on  Value  of  P\  =  1 
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Comparing  the  ;  the  wave  front  bj 

the  absorber  having  I     2-\  10   'henries  shunt- 
ed by  /?  =  2500  ohms  with  the  action  of  the 
■  choke  coil  of  the  same  inductance  and 
refen  h  ulae  i  L7)  to  (20)  and  (31)  to 

the  following  tabulation  of 
ies 
/?=  »  P  =  2500 

11,      /',/,/  Wl=P1I1t 

0  iil  /',/,/  15  :;»,IT..      0.64  PJit-17.92 

11        0  3.96  11  ,      0  36  /',/:/  f-8.32 

i,  l  11  ,     6  i 

WR  =  0  Wr  =  3.2 

Tail 
Wl  =  6  I  Wl  =  6A 

Wj=5.12  W^=2.56 

W/^1.28  ]T\  =  n.i;i 

Wr  =  0  Wr  =  3.2 


15.36  watt-seconds  are  taken  from  the  fronts 
of  the  transmitted  waves,  8.96  watt-seconds 
being  reflected  into  circuit  Z\  and  (5.4  watt- 
seconds    stored    in    the    inductance.      If    a 

mce  of  2500  ohms  is  connect  d  in  shunt 
with  the  inductance,  then  \7M2  watt-seconds 
are  taken  from  the  fronts  of  the  transmitted 
waves,  and  of  these  watt-seconds  8.32  are 
ed  hack  into  line  Zx,  6.4  are  stored  in 
the  inductance  and  3.2  are  dissipated  by  the 

ance.  At  the  end  of  the  wave,  if  the 
inductance  is  alone,  of  the  6.4  watt-seconds 
stored  in  it,  r>.12  are  returned  to  line  A.  and 
I  28  to  line  Zx.  If  a  resistance  of  2500  ohms 
is  connected  in  shunt  with  the  inductance, 
then  2.56  watt-seconds  are  returned  to  line 
Z2,  n.ii4  watt-seconds  are  returned  to  line  /, 
and  3.2  watt-seconds  are  dissipated  in  the 
resistance. 


P,  u 


zc*/oz, 

^=z- 

ZLz*JbZ., 

The  energies  in  the  above  tabulation  have 
been  taken  when  the  phenomena  at  the 
fronts  and  tails  of  the  waves  were  practically 
completed,  and,  therefore,  as  far  as  these 
phenomena  are  concerned,  all  the  integrals 
have  been  taken  with  the  upper  limit  equal  to 
infinity.  An  idea  of  the  length  of  time  re- 
quired to  obtain  these  conditions  can  be 
formed  by  considering  that,  if  W r  would 
continue  at  the  same  rate  as  at  (  =  0,  it  would 

reach  the  final  value  after  a  time  /  =  -— -r  =  80 

-  A 
micro-seconds. 

The  tabulation  shows  thai  it"  no  resistance 
is  connected  in  shunt  with   the  inductance, 


We  have  seen  that  the  energy  of  a  thousand 
feet  of  the  incoming  wave  is  20  watt-seconds; 
therefore  the  amount  of  energy  dissipated  in 
the  resistance  R  at  the  front  and  tail  of  the 
wave  is  equivalent  to  the  energy  of  320  feet 
of  the  incoming  wave. 

Let  us  now  repeat  the  calculation  for  the 
same  wave  traveling  through  the  same  cir- 
cuits in  the  opposite  direction.     We  then  have 
Zt  =  2000  ohms 
Z2  =  500  ohms 
L  =2  X10-3  henries 
R  =2500  ohms 
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The  voltage  of  the  incoming  wave  is  again 
Pi=106  volts 
1 1  =  50  amperes 
The  energy  per  thousand  feet  of  the   in- 
coming wave  is  now  5  watt-seconds  (assum- 
ing as  before  a  velocity  of  1000  feet  per  micro- 
second) . 

A  is  again  equal  to  1(  r     See  (7). 

F  =  0.00256  as  before.      (See  21). 
The  transmitted  current   h  goes  from   .">il 

——-  =  40    at    (  =  0    to    80    at    f  =  infmity. 

ZouO  1 

See  (10). 

The     reflected 

-1500        4000 
500    +(2500)! 
at  t  =  infinity.     See  (11). 


(— 

\  25( 


current 

2f-y 


goes     from 
10  at  i  =  0  to 


50 
■30 


Currents  affront  of  u/are 
Fi».    25 


i,   making   a    total  of  6.4 
which  are  stored  in  tin-  inductance      When 
:  i   shunted    by  a   2500 
d    are  taken 
the  fronts  of  the  transmitted  waves  and  :>  12 
watt    i  |  froni  ti,,.  tl,,n!  ,  ,,,  nli; 

reflected  waves;  of  these,  <i  I  I  in  the 

inductance  L,  3.2  are  dissipated  by  the 
resistance  l<  At  the  end  0f  the  wave,  if  the 
inductance  is  alone,  ol  the  6  I  watt-seconds 
st. .n-d  iii  ,1,  L.28  are  returned  to  the  line  Zt 
and  5.12  are  returned  to  the  line  Z, ;  if  the 
inductance  is  shunted  bj  a  2500-ohm  resist- 
ance, then  <.f  the  r.  In/  tored  in  the 
inductance.  0.64  arc  returned  to  the  line  /., 
2.56  are  returned  to  the  line  Z,  and  3.2  are 
dissipated  in  the  resistance.  The  energy 
absorbed  by  the  resistance  at  the  fronl 
tail  of  the  wave  is  equal  to  the  energy  of 
12S0  feet  of  the  incoming  wa 


Let  us  tabulate  below  the  energies  at  the 
fronts  and  tails  of  the  waves  for  two  cases 
First,  when  a  simple  inductance  of  2X10-3 
henries  is  connected  between  Zi  and  Z-2; 
second,  when  this  inductance  is  shunted  by  a 
resistance  <  f  2500  ohms.  See  formulae  (17)  to 
(20)  and  (31)  to  (.33),  where,  as  before,  the 
integrals  are  taken  with  the  upper  limit 
equal  to  infinity. 

R=  <*>  #  =  2500 

Front 
Wi  =PJit  Wi  =PJlt 

W2  =0.64  Pilif- 3.84  Wt  =0.64  Pi/ii-4.48 
Wr  =0.36  Pi/ji-2.56  II',  =0.36  Pi/if-5.12 
WL  =  6A  Wl  =  6A 

Wr  =  0  Wr  =  3.2 


Tail 
W_l  =  6A 
Wi  =0.64 
Wr  =2.56 

Hk  =  3.2 


Wi.  =  6.4 
Wi  =1-28 
Wr  =5.12 
WR  =  0 

In  this  case,  when  the  inductance  is  alone, 
3.84  watt-seconds  are  taken  from  the  fronts  of 
the  transmitted  waves  and  2.5(5  watt-seconds 
are   taken   from   the  fronts   of   the  reflected 


It  will  be  noted  that  the  actual  amount  of 
energy  absorbed  by  the  resistance  is  the  same 
whether  the  wave  travels  from  the  circuit  of 
lower  natural  impedance  to  the  circuit  of 
higher  natural  impedance,  or  vice  versa. 
However,  the  "relative"  absorption  of  energy, 
that  is  to  say,  the  ratio  between  the  energy 
dissipated  in  the  resistance  and  the  energy 
per  unit  length  of  the  incoming  wave  is  four 
times  greater  when  the  wave  passes  from  the 
circuit  of  higher  to  the  circuit  of  lower  im- 
pedance than  when  the  wave  passes  in  the 
opposite  direction. 

This  feature  is  characteristic  of  this  type  of 
absorber.  In  fact,  the  ratio  between  the 
energy  dissipated  in  the  resistance  at  the 
wave  front  and  the  energy  in  one  micro-sec.  md 
of  incoming  wave  i 


Ma 


'  (Zj  +  Z.,y-R     _     2U-A 


PJtXW-*       R{Z,  +  Z2) 


,10s  xz, 


20). 

The  factor  that  multiplies  Z,  is  the  same 
whether  the  wave  travels  in  one  direction  or  in 
the  opposite  direction.  Therefore,  their 
"relative"  absorption  of  energy  at  the  front 
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of  the  wave  is  proportional  to  Z\.    The  same 
conclusion  applies  to  the  energy  al   the  tail 

■■■  ave         h      irm     the  results  as 

shown  by  I 

It  will  be  noted   thai   in   the  case  of   the 
I  iiis  "  relative"  absorp- 
mal  to  Zt,  that  is  to  saw  the 
absorption  bj   the  condenser-resist- 

ance is  greater  when  the  wave  passes  from  the 
circuit  of  '  iedance  to  the  circuit  of 

■  impedance,  whereas  the  absorption  of 
;  lie  inductance-resistance  is  greater 
when    the   wave   passes   from    the   circuit   of 
higher    impedance    to    the    circuit    of    lower 
impedance. 

Summary 

We  li.e  e  re\  iewed  the  action  of  the  con- 
i  resistance  and  of  the  inductance- 
resistance  in  connection  with  sustained  oscil- 
lations and  steep  traveling  waves,  with 
special  reference  to  the  absorption  of  energy 
by  the  resistor  connected  either  in  series  with 
mdenser  or  in  shunt  with  the  inductance. 
The  assumptions  made  in  dealing  with 
sustained  oscillations,  rectangular  waves, 
and  concentrated  reactance  and  resistance, 
while  they  facilitated  the  mathematical  treat- 
ment are  not  inconsistent  with  the  general 
characteristics   of  the   phenomena. 

We  wish  to  point  out  that,  while  these 
absorbers  have  been  generally  conceived  as  a 
condenser  or  an  inductance  to  which  a  resistor 
is  added  in  series  or  in  shunt,  the  best  concep- 
tion of  their  action  is  obtained  if  these 
absorbers  are  considered  as  resistors  to  which 
a  condenser  or  an  inductance  is  connected  in 
series  or  in  shunt  to  act  as  a  switch,  which 
automatically  connects  the  resistor  when  an 
abrupt  variation  of  energy  occurs  and  auto- 
mat ically  disconnects  it  when  conditions  are 
norma]  and  the  resistors  are  not  needed 

We  have  shown  the  well  known  properties 
of  the  absorbers  of  minimizing  the  danger 
arising  from  the  high  frequency  oscillations. 
We  have  stated  that  traveling  waves  may  be 
dangerous  due  to  a  steepness  of  wave  front 
and  due  to  local  oscillations  and  potentials 
which  may  be  produced  by  a  succession  of 
shorl  waves.  We  have  found  that  high-fre- 
quency  absorbers  give  very  effective  pro- 
tection against  such  waves  by  dissipating 
the  wave  energy  and  flattening  out  the  steep 
wave  fronts.  They  are  aided  in  this  action  by 
the  dissipation  that  takes  place  in  the  line 
"self.  They  are  a  valuable  adjunct  to  light- 
ning arresters  which  are  primarily  protectors 
against  waves  of  excess   voltage.      We  have 


discussed  the  best  values  of  resistance  for 
each  type  of  absorber  and  found  that  they 
cover  a  fairly  wide  range.  The  curves  and  dis- 
cussion have  dealt  principally  with  a  few 
particular  cases  but  the  general  equations 
have  been  derived. 

We  have  seen  that  the  condenser-resistance 
Skives  the  maximum  absorption  of  energy 
when  the  wave  passes  from  the  circuit  of 
lower  impedance  to  the  circuit  of  higher  im- 
pedance,  while  the  inductance-resistance  gives 
iln-  maximum  absorption  of  energy  when  the 
wave  passes  from  the  circuit  of  higher  im- 
pedance to  tin-  circuit  of  lower  impedance. 
It  is  interesting  to  note  that  the  condenser- 
resistance  and  the  inductance-resistance  give 
the  same  dissipation  of  energy  when  the  ratio 
between  the  inductance  of  the  choke  coil  and 
the  capacity   of   the  condenser  is   such   that 


4 


'.  =  '/.■:.   and    the   resistance    R  =  \' Z\Z»   is 

used  in  both  cases.  If  the  constants  of  the 
circuit  are  the  same  on  both  sides  of  the 
absorber,  that  is  to  say,  if  Z\  —  Z-.  =  Z,  then 
the  condenser-resistance  and  the  inductance- 
resistance   produce   the   same   absorption   of 

energy  when\i-r  =  /?  =  Z. 

In  some  cases,  the  use  of  both  types  of 
absorbers  in  combination  may  be  advisable. 
Another  article  may  be  written  later  by  the 
authors  on  the  subject  of  the  combinations  of 
various  types  of  absorbers. 

APPENDIX   II 

The  fundamental  equations  of  a  rectangular 
wave,  passing  from  a  circuit  of  natural  im- 
pedance Z\,  past  an  inductance-resistance, 
to  a  circuit  of  natural  impedance  Z2  (see 
Fig.  14)  are 

Il  =  Il+Ir 

h  =  IL+IR 

P,  =  Pi  +  Pr-LdlL 


di 


Pr  =  LZ, 
P2  =  h_Z« 


L^-«. 


(1) 

(2) 
(3) 

(4) 


where 

Pi  and  1\  are  respectively  the  voltage  and 
current    of    the    incoming    wave. 

P2  and  /•>  the  voltage  and  current  of  the 
transmitted  wave. 

P,  and  Ir  the  voltage  and  current  of  the 
reflected  wave. 

L  the  inductance  of  the  choke  coil 

(the  resistance  of  the  choke  coil 
is  assumed  to  be  zero). 


R  the    value    of    the    resistance    in 

shunt  with  the  choke  coil. 

Il  the   current    through    the    choke 

coil. 

Ik  the  current  through  the  resistance 

R. 

From  (2)  and  (4)  we  have 

/.  dli 
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h  =  lL  + 


R   dt 


(5) 


Substituting  in  equation  (3)  and  re-arrang- 
ing, we  have 


Where 


T+^-"^zfs 


1     Zi+Z2 
L.  ,  Z1+Z1 


l  +  - 

Integrating  (G)  gives, 
2Z, 


R 


It- J, 


from  (4) 

Therefore 

from  (2) 

I2  =  Ii 
from  (1) 

rr=iii 


z,+z: 

Ldl 


(l-«    ») 


I*  = 


R  d< 


J2_Z,    L      _ 
*       'Zi+ZjR 


^Zi_/ 

zx+z2V 

fZ-2-Zi 


1- 


L 


z,+z, 

2Z 


") 


Z,+Z,     (Zi+Zt) 


;LAe 


") 


(6) 

(7) 

(8) 

(9) 
(10) 

(11) 


The  equations  for  the  energies  are  (in  watt- 
seconds  or  joules) ; 
for  the  incoming  wave 

\\\  =  PJd  (12) 

for  the  transmitted  wave 


W,-j 


Ptl.di 


Therefore 
W«  =  PjA 


4Z,Z,  T     HZiZ, 

-J-L- 


2  ZiZo  1 


for  the  reflected  wave 

W    =    f'PrLdt 


(13) 


w  -pi  f(Z,-Z,)»     4Z(Z2-Z,) 

r"Pl7lL(zT+z^'+  (zh-zo' L(1_#   ° 

-^/;^?/,1./■■--l,'■-'■-■,■'] 

The   energy   stored    in    the    choke   coil    is 


Therefc 


nv=.  /-/// 


2Z, 


nwv,/.^-^,^-^  (is) 

The  energy  dissipated  in  the  resistance  R  is 

Yk=   \KlK:dt 
J  o 


Therefore 
WR  =  PJ 


U      2  Z, 


5    i   M 


')       (16) 


R  (Zt+ZtY 
If  the  wave  is  "long"  and  the  time  t  is 
taken  "late"  enough  to  have  the  phenomena 
at  the  fronts  of  the  wave  practically  com- 
pleted, that  is  to  say,  if,  at  the  time  t,  the 
choke  coil  offers  practically  zero  impedance, 
then  the  integrals  above  may  be  extended 
from  zero  to  infinity  and  the  energies  ma 
tabulated  as  follows: 
Wi  =  PJit 


w,=p,h,tz:i\j-F 


li(z,+z2r 


z2 


z,+z. 


^2(Zi-Z,)- 

]Yl=F(Zl+Z-1) 
WR  =  F(Z1+Z,)^A 


LA 


z, 


z,+z. 


Where 


F  =  PlhL- 


2Z, 


(12) 

(17) 


(18) 

") 

(1») 

,1-0, 

(21) 


{Z^+Ztf 

It  will  be  noted  that 

W^Wz+Wr+WL+Wn 

and  that  the  sum  of  the  terms  containing  F 

(which   terms   affect   the   phenomena   at    the 

wave  fronts)  is  zero.     If  no  inductance  were 

connected,  then  L  would  be  0  and  F  would 

be  0  and  no  deformation  of  wave  fronts  would 

occur;  if  no  resistance  R  were  used,  but  an 

inductance  L  were  used,  then  we  would  have 

,    i      Zi+Zi 
R  =  infinity  and  .4  =  — j — . 
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At  "the  end  of  the-  wave."  the  energy 
stored  in  the  choke  coil  is  in  part  returned 
to  the  circuits  Z\  and  Z_>,  and  in  part  is  dis- 
sipated by  R.  In  other  words,  the  energy 
stored  in  the  i  hoke  coil  is  discharged  into  a 
circuit  which  has  tv.  1 1  1  nan.  Ins  in  parallel,  one 
er  being  Z\  in  series  with  Z> 

If  we  assume  that  the  wave  ends  when  the 
magnetic  flux  of  the  choke  coil  has  reached 
its  maximum  value,  that  is  to  say,  when  the 
current  /;  has  reached  its  final  value  /-.  we 
have,  during  the  discharge  for  the  end  of  the 
wave  and  counting  the  time  from  the  vertical 
end  of  the-  incoming  wave, 


Then 


=  RIR  =  (Z1+Z,)h 


LAe~Al 


(22) 

(23) 
(24) 


(25) 
(26) 


(27) 


(zl+z.2r- 

Figs.  25  and  2fi  show  the  directions  of  the 
currents  at  the  front  and  at  the  end  of  the 
wave  respectively. 

The  energy  stored  in  the  choke  coil  when  I l 
has  reached  the  value  h  is 

II";.  =  Pi/1l7-2LZ'    ,    (19)  and  (21) 

(£l-\-Z.2)- 

The  energy  returned  to  line  Z2  is 


:=  CPthdt  =  Zi  (%* 

Jo  Jo 


ir,  =  /v17|Zl/^  ,/. 


'(Zi  +  ^>4 
The  energy  returned  to  circuit  Z,  is 

Wr=     i'PrIrdt  =  Zl    (].rdt=^\ 

Jo  Jo  Z2 

There 


IL'S) 


z\w., 


—  ?Zi2 

\Y,=Piht„      \,.VA 


(29) 


'(z,+z2K 

The  energy  dissipated  in  the  resistance  R  is 

WR=  I'RI'dt 
J  o    K 

Therefore 

—  9Zi       L" 

WR  =  PJ^-P^k?A  (30) 


.pr        2Z,        U 

1 1(zl+z2y  r 


It  will  be  noted  that  Wr  =  Wr  for  a  "long" 
wave  and  that 

WL  =  W,+\Yr+WK 

Collecting    F   as    before    we    tabulate    the 
energies  at  the  tail  of  the  waveas  follows: 


WL=F(Z1+Z2) 

LA 


7„ 

]\\  =  F     ' 


Z.+Z, 


—  z 

Wr  =  F 


Zi+Zi 


LA 


\Vr  =  F(Z1+Z2)-A 

K 


(19) 
(31) 

(32) 

(33) 
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Methods  for  the  Production  and  Measurement 
of  High  Vacua 

PART  IX.    PHYSICAL  CHEMICAL  METHODS 

By  Saul  Dushman 
Research  Laboratory,  General  Ei  e<  rs miww 

The  present  installment  deals  with  electrical  clean-up  of  g  pressures,  more  especially  with 

effects  observed  in  hot  cathode  devices  and  inc  indescenl    lam  ,rv  „f  phosp, 

amps  is  also  discussed.     The  next  installment,  winch  will  c ,  ies,  will  prese 

the  results  of  the  more  important  investigations  that  have  -ressures  — ' ■  i. 


ELECTRICAL   CLEAN-UP   OF  GASES  AT 
LOW   PRESSURES 

As  mentioned  in  a  previous  connection,  an 
ordinary  discharge  tube  with  cold  electrodes 
becomes  inoperative  when  the  pressure  is 
reduced  to  too  low  a  value.  In  general,  this 
occurs  at  pressures  which  range  from  1  X  10~3 
to  100  X  10-3  mm.  of  mercury,  depending  upon 
the  nature  of  the  gas  and  the  maximum 
voltage  of  the  source  of  current.  The  opera- 
tion of  such  discharge  tubes  depends  pri- 
marily upon  the  formation  of  positive  ions  by 
the  disruptive  action  of  the  voltage;  and  the 
bombardment  of  the  cathode  by  these  posi- 
tive ions  causes  the  emission  of  electrons 
which  in  turn  ionize  more  gas  molecules,  so 
that  the  discharge  is  apt  to  become  quite 
unstable.  In  the  preceding  section  we  dis- 
cussed clean-up  effects  in  such  discharges  at 
relatively  high  pressures.  Within  the  past 
few  years,  however,  a  type  of  vacuum  tube 
has  been  developed  in  which  conduction 
occurs  by  means  of  electrons  emitted  from  an 
incandescent  cathode.  The  pressure  in  these 
devices  must  be  maintained  at  a  low  value, 
ordinarily  below  10~2  bar  (10~5  mm.  approxi- 
mately). Consequently  it  is  of  practical 
importance  to  consider  the  changes  in  gas 
pressure  which  are  observed  in  the  operation 
of  such  tubes.  The  study  of  these  phenomena 
is  also  of  theoretical  importance  because 
it  throws  light,  as  will  be  shown,  on  certain 
clean-up  effects  in  vacuum  type  incandescent 
lamps. 

'The  literature  on  this  subject  has  become  so  extensive  in  the 
past  few  years  that  only  a  brief  discussion  has  been  considered 
ample  in  the  present  connection.  For  further  references,  consult 
the  following  books  and  articles: 

(a)  O.  W.  Richardson,  "The  Emission  of  Electricity  from 
Hot  Bodies."  1916. 

(b)  H.  J.  Van  der  Bijl,  "Thermionic  Vacuum  Tube,"McGraw- 
HiU  Book  Co.,  1920. 

(c)  I.  Langmuir.  General  Electric  Review,  IS,  327  (May 

1915),    S3.  503.  r.K'.l  .  tune  and    [uh.    l'.lL'Oi 

(d)  I.  Langmuir,  Phys.  Rev..  S.  402.  450  (1913). 

(e)  S.  Dushman,  General  Electric  Review.  18,  156  (March 
1915). 

(f)  S.  Dushman,  Phys.  Rev.,  i,   121   (1915). 


Electron  Emission  Phenomena  at  Low  Pressures1 

The  electron  emission  from  a  heated 
cathodeincreaseswith  the  temperature  accord- 
ing   to    the    equation,    first    derived    1,\     Rieh- 

ardson : 

i  A  \  f  t 
where  /=  electron  emission  per  unit  area, 
and  ,4  and  b  are  constants  for  any  given 
material.  Dr.  Langmuir  has  shown  that  the 
actual  magnitude  of  this  emission  at  any 
temperature,  that  is  of  the  values  of  A  and  b 
in  this  equation,  is  extremely  sensitive  to  the 
presence  of  slight  traces  of  certain  gases  and 
the  maximum  value  of  the  specific  emission 
at  any  temperature  is  attained  only  in 
extremely  good  vacua.  In  the  case  of  tung- 
sten, the  constants  have  the  values: 

^=23X109 
6  =  52,5000 

where  ?=milliamp.  per  cm2,  and  T  is  the 
absolute  temperature.  This  gives  the  maxi- 
mum electron  current  that  it  is  possible  to 
obtain  from  a  unit  area  of  tungsten  at  any 
definite  temperature. 

It  was  observed  by  Langmuir  that  in 
addition  to  this  limitation  due  to  tempera- 
ture, there  is  also  present,  at  very  low  pres- 
sures, a  voltage  limitation,  due  to  a  "space 
charge"  produced  by  the  electrons  in  the 
neighborhood  of  the  cathode.  The  electron 
current  is  then  limited  by  the  anode  voltage 
V,  in  accordance  with  a  relation  of  the  form : 

i  =  kV 

where  k  is  a  constant  whose  value  depends 
upon  the  geometrical  arrangement  and  shape 
of  the  electrodes.  This  relation  gives  the 
minimum  voltage  between  anode  and  cathode 
at  which  a  given  electron  current  can  be 
obtained  in  the  particular  tube,  under 
good  vacuum  conditions. 
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Ionization  Effects 
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Fig.  68.      Illustrating  Effect  of  Mercury  Vapor  on 

Characteristics  of  Hot  Cathode  Tube 

Curve  .-1 — Space  charge  limitation  in  good  vacuum 

Curve  B — Space  charge  and  temperature  limitation 

Curve  C — Same  filament  temperature  as  Curve  B. 

but   m  presence  of  mercury  vapor  at 

two  bars 


molecules  occur,  and  if  the  anode  voltage 
ds  the  so-called  ionizing  potential2  posi- 
tive ions  are  produced,  which  tend  to  neutral- 
ize a  part  or  the  whole  of  the  negative  space 
charge  produced  by  the  electrons  and  con- 
sequently the  electron  current  reaches  the 
value  corresponding  to  the  tem- 
perature of  the  filament,  at  much  lower  volt- 
ages than  when  gas  is  not  present. 

ese   phenomena   are   illustrated   by   the 
ving    observations    with    a    small    hot- 
cathode  high-vacuum  rectifier  (kenotron)  in 

the  subject  of  ionization  potentials  is  discussed  in  a 
subsequent  section,  it  may  be  stated  that  for  each  gas  it  has  been 
1  there  exists  a  definite  voltage  at  which  the  electrons 
acquire  sufficient  velocity  to  produce  positive  ions  by  collisions 
with  gas  molecules.  These  voltages  have  been  measured  for  a 
number  of  gases  and  metallic  vapors,  and  they  are  found  to  vary 
from  about  25  volts  in  the  case  of  helium  to  approximately  4 
volts  in  the  case  of  the  alkali  metals. 


which  a  tungsten  spiral  was  used  as  cal 
and  a  molybdenum  cylinder  (enclosing  the 
spiral  I  as  anode.  To  the  bulb  containing 
electrodes  was  attached  an  appendix  contain- 
niall  amount  of  mercury,  and  the  whole 
arrangement  was  exhausted  to  a  very  high 
vacuum.  By  immersing  the  appendix  in  liquid 
air  the  pressure  of  the  mercury  vapor  could 
be  reduced  to  such  a  low  value  that  no  ioniza- 
tion effeel  occurred.  Fig.  68  hows  the 
charact  th<    tube  under  these  con- 

ditions, at  two  different  filament  currents. 
It  will  be  observed  that  at  1.35  amp.  (Curve 
A),  tin  electron  current  varied  with  the  anode 
voltage  in  accordance  with  the  3  2  power 
relation.  At  L.25  amp.  the  electron  current 
increased  at  first  in  accordance  with  the  same 
voltage  law  and  then  tended  to  reach  the  value 
38  milliamp.  corresponding  to  the  emission 
for  that  particular  temperature  (Curve  B). 
On  removing  the  liquid  air  from  the 
appendix,  so  that  the  mercury  attained  room 
temperature  and  the  pressure  in  the  device 
reached  the  value  of  about  2X10~3  mm. 
(corresponding  to  the  vapor  pressure  of  mer- 
cury at  this  temperature),  the  characteristic 
obtained  with  the  filament  at  1.25  amp 
that  shown  in  Curve  C.  At  Is  volts  a  dis- 
tinct blue  glow  appeared,  and  at  26  volts 
this  glow  extended  practically  all  the  way 
down  the  appendix.  It  will  be  observed  that 
simultaneously  with  this  appearance  of  blue 
glow,  tlie  electron  current  increased  rapidly 
until  it  reached  practically  the  same  satura- 
tion value  as  that  obtained  under  good 
vacuum  conditions.  That  is.  even  at  such  a 
low  pressure  of  mercury  vapor,  the  space 
charge  phenomena  practically  disappeared 
and  the  saturation  electron  emission  cor- 
responding to  1 .25  amp.  filament  current  was 
obtained  at  relatively  low  voltages. 

Observations  on  Clean-up  in  Hot-cathode  Devices 

Similar  phenomena  are  observed  with  all 
other  gases  in  hot-cathode  devices.  At  very 
low  pressures  the  electron  current  varies 
with  the  voltage  according  to  the  3  2  power 
law.  but  at  higher  pressures  (ordinarily 
about  one  to  two  bars)  blue  glow  appears  as 
the  voltage  is  raised  above  the  ionizing 
potential  and  simultaneously  with  this  blue 
glow  the  current  increases  rapidly,  as  shown 
in  Curve  C.  Fig.  68,  to  the  saturation  emis- 
sion at  the  given  filament  temperature.  In 
the  case  of  most  gases  this  blue  glow  does 
not  ordinarily  persist  very  long,  owing  to 
clean-up  effects  that  accompany  the  appear- 
ance   of    this    glow,    and    consequently    the 
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electron  current  decreases  again  gradually 
until  it  attains  the  limiting  value  correspond- 
ing to  the  space  charge. 

These  clean-up  phenomena  that  are  ob- 
served in  hot-cathode  devices  are  extremely 
interesting,  and  they  are  of  great  technical 
importance.  The    experimental    evidence 

which  has  been  obtained  in  this  laboratory 
and  by  other  investigators  points  to  the 
conclusion  that  these  effects  are  primarily 
due  to  the  formation  of  ions  by  collisions 
between  electrons  and  gas  molecules.  There 
is  little  or  no  evidence  for  any  electrical 
clean-up   below   ionizing   potentials. 

Experiments  along  this  line  carried  out  in 
this  laboratory  for  the  past  few  years  have 
shown  that  the  factors  governing  this  clean- 
up are  quite  complex.  In  general,  the 
rate  of  elean-up  shows  a  tendency  to  increase 
with  the  anode  voltage  and  with  the  electron 
current.  In  addition  to  these  factors,  the 
condition  of  the  glass  walls  and  the  previous 
history  of  the  bulb  exert  a  profound  effect 
on  the  rate  of  clean-up.  The  disappearance 
of  gas  by  electrical  clean-up  is  observed 
even  at  the  very  low  pressures  where  space 
charge  effects  are  present  and  blue  glow  is 
therefore  absent.  Numerous  observations 
in  connection  with  hot-cathode  devices, 
such  as  are  made  up  in  this  laboratory,  have 
confirmed  this  conclusion.  Thus,  a  kenotron 
(hot-cathode  rectifier)  may  be  sealed  off 
at  0.05  bar  and  by  subsequently  operating  it 
with  a  current  of  a  few  milliamperes  at  120 
to  240  volts,  the  pressure  will  be  found  to 
decrease  to  0.01  bar  or  less. 

At  any  given  electron  current  the  residual 
gas  pressure  in  the  sealed  off  tube  reaches 
an  equilibrium  value  which  increases  with  the 
electron  current.  Part  of  this  increase  is 
probably  clue  to  an  increased  rate  of  evolu- 
tion from  metal  parts  and  glass  walls  until 
equilibrium  is  attained  with  the  increase  1 
rate  of  clean-up.  The  pressure  may  thus 
be  found  to  vary  from  0.01  to  as  low  as  0.0001 
bar,  depending  upon  anode  voltage  and 
electron  current.  Similar  effects  have  been 
observed  with  the  ionization  gage3  in  using  it 
to  measure  low  pressures  of  chemically  active 
gases,  such  as  nitrogen,  hydrogen,  and  oxygen 
That  this  clean-up  is  not  due  in  these  ca:  i 
purely  chemical  reactions  at  the  surface  of  the 
tungsten  filament  is  easily  shown  by  talcing  off 
the  anode  voltage,  when  the  clean-up  practi- 
cally ceases.  Moreover  this  clean-up  also  oc- 
curs with  the  inert  gases  argon  and  helium. 
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oli  ien  al  ion      made    bj     Mrs     \I     Ai  d 
Mr.    Ilutli  id    the    writer    on    this 

subjeel  may  be  of  interest  in  this  com., . 
In  i  hese  experiments  a  tube  containin 
adjacenl    tungsten    filamanl  -    was    used 
thai  either  filament  could  be  mai 

and    the    n i    clean-up   was   investi 

in  the  rase  of  argon  and  nitrogen  ('.as 
from  a  large  reservoir  was  allowed  to  flow 
continuously  through  this  tube  at  practically 
constant  pressure,  and  the  ran-  of  clean-up 
was  determined  by  collecting  the  gas  after  it 
left  the  tube.  The  pressures  used  in  mo  I  oi 
the  experiments  were  so  low  that  no  blue 
x  glow  effects  were  observed,  and  durinj 
one  set  of  observations  both  the  electron 
current  and  the  anode  voltage  were  main- 
tained constant.  The  magnitude  of  the 
current  was  varied  in  different  runs  from  a 
few  micro-amperes  to  several  milliamperes, 
and  the  anode  potential  was  varied  from  25 
to  250  volts.  The  rate  of  clean-up  was 
observed  in  these  experiments  to  increa  e 
almost  linearly  with  increase  in  pressure. 
With  electron  currents  below  a  milliampere, 
the  rate  of  clean-up  also  varied  linearly  with 
the  current,  but  showed  a  tendeu 
increase  much  less  rapidly  with  electron 
currents  exceeding  this  value.  At  anode 
voltages  in  excess  of  25,  the  rate  of  elean-up 
was  observed  to  be  practically  constant  and 
independent  of  the  voltage.  With  freshly 
baked  out  glass  bulbs,  the  fatigue  effects 
observed  were  quite  pronounced.  On  cover- 
ing the  glass  surface  inside  with  a  tungsten 
deposit  (by  evaporation  of  one  of  the  fila- 
ments) the  rate  of  clean-up  was  found  to 
increase  considerably,  and  much  more  gas 
could  be  cleaned  up  before  fatigue  effects 
occurred.  The  rate  of  clean-up  of  argon  was 
found  to  be  about  half  of  that  of  nitrogen 
under  otherwise   similar  conditions. 

The  following  observations  were  made  on  a 
system    consisting    of   a    live-inch    bulb   coi 
taining   two  adjacenl    tungsten   filameni 
which  was  attached  an  ionization  gage.     The 
volume  of  the  arrangemenl    was  aboul    1200 
cm3.     After  a  thorough  exhaust  on  the  con- 
densation pump,  followed  by  a  flashing  of  the 
filaments  at  a  high   temperature,  .neon  at  a 
pressure  of  1 .35 X  10-3  mm.  of  mercury  ? 
into  the  s  j  stem  and  I  he  b  bole  sealed  off  the 
pump.     One  of  the   tungsten   filamen 
then  made  cathode  and   raised   to   the   tem- 
perature necessary  to  gi   i    an  electron 
sion  of  five  milliamperes.     With  250  volts  on 
a      anode,    the    pr 
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indicated  in  Tab!'  ained  at  diff erenl 

intervals  of  time. 


Time 
/  (mi: 

Pressure 
mm.  X10-1 

k 

=  flog'/ 

0 

1 .35 

2 

1.2 

4 

0.0273 

15 

0.0212 

1' 

0.36 

0.0213 

Avg. 

=  0.0238 

The  constancy  of  k  in  the  last  column  shows 
that  the  rate  of  clean-up  at  any  instant  was 
proportional  to  the  pressure. 

Observations  were  made  in  the  same 
manner  with  nitrogen.  In  one  experiment, 
using  5  milliamp.  and  250  volts,  the  nitrogen 
cleaned  up  from  a  pressure  of  8X10~3mm.  to 
1  X  1 1  •  :i  mm .  in  36  minutes.  In  all  these  cases, 
r  cleaning  up  a  certain  amount  of  gas, 
more  gas  was  let  into  the  bulb,  the  rate  of 
clean-up  was  observed  to  be  much  lower. 

Regarding  the  mechanism  of  this  clean-up, 
it  is  difficult  to  draw  any  positive  con- 
clusions. In  the  foregoing  experiments  there 
was  no  evidence  to  show  that  the  gas  was 
cleaned  up  at  the  cathode,  as  for  instance  by 
the  formation  of  \YXj.  This  would  cer- 
tainly not  be  true  in  the  case  of  argon;  the 
gas  was  most  probably  driven  into  the  walls. 
Subsequent  heating  rarely  caused  the  evolu- 
tii  hi  of  as  much  gas  as  had  been  cleaned  up, 
so  that  the  ions  must  penetrate  the  glass 
quite  deeply. 

Observations  similar  to  those  mentioned 
have  been  made  by  other  investigators 
working  with  hot-cathode  devices.  Thus 
W.  II.  Eccles,  in  a  discussion  on  thermionic 
valves,4  makes  the  following  very  inten 
comments  regarding  clean-up  effects: 

Many  interesting  phenomena  are  ob- 
served with  the  traces  of  residual  gases  always 
present  even  in  the  hardest  of  tubes.  After 
running  for  some  time  with  a  given  electron 
current  to  the  positive  electrode  and  a  given 
voltage,  a  steady  value  for  the  pressure  of 
the  residual  gas  may  be  reached.  If  now  the 
voltage  is  increased,  but  not  sufficiently  to 
overheat  the  positive  electrode,  the  tube  will 
harden,  i.e.,  some  of  the  residual  gas  will  be 
absorbed.  On  the  other  hand,  if  the  voltage 
is  reduced,  and  particularly  if  the  filament 
is  simply  heated  without  any  voltage  being 

•The  Radio  Review,  /.  26  (1919). 


applied  to  the  positive  electrode,  the  amount 
of  residual  gas  will   increase. 

"These  effects  are  well  known  to  radiol- 
ogists and  various  suggestions  are  put  for- 
ward in  explanation.  But  from  the  point 
of  view  of  the  development  of  the  high- 
power  valves,  the  whole  problem  requires 
careful  investigation. 

"The  fact  that  an  increasing  voltage  at  the 
i  electrode  hardens  the  valve  leads  to 
the  conclusion  that  the  effects  are  due  to  the 
action  of  the  ionized  gas.  At  these  voltages 
the  ions  are  positive,  and  their  observed 
disappearance  must  lie  due  to  their  being 
driven  into  the  hot  filament,  or  into  the  walls 
of  the  containing  vessel.  If  they  are  driven 
into  the  filament,  how  are  they  retained  with 
the  filament  at  L'.OOO  deg.  C.'r  Is  any  chemi- 
cal action  involved,  or  is  it  the  same  process 
as  the  occlusion  in  the  positive  electrode"' 
Or  is  it  only  the  walls  of  the  containing  vessel 
that  absorb  the  ions? 

"A  suggestion  has  been  put  forward  by 
Dr.  G.  B.  Bryan  of  the  Physics  Laboratory, 
at  Royal  Naval  College,  Greenwich,  that  the 
occlusion  of  the  gases  and  the  emission  of 
positive  ions  from  metallic  surfaces  at  moder- 
ate temperature  are  closely  related.  He 
visualizes  the  process  as  follows:  Some 
proportion  of  the  gas  to  which  the  electrodes 
are  exposed  will  probably  be  ionized  hydro- 
gen. A  positive  hydrogen  ion  is  a  very  small 
heavy  projectile  with  considerable  powers  of 
penetration.  On  striking  the  surface  of  a  solid 
it  will  pass  through  the  outer  surface  and 
pick  up  an  electron,  so  becoming  neutral. 
Now,  however,  it  is  a  large  body  entrapped 
in  among  the  atoms  of  the  metal  and  unable 
to  escape  under  ordinary  conditions.  But 
at  moderate  temperatures  the  electrons  may 
be  shed  again,  and  the  positive  ion,  being  no 
longer  encumbered  by  the  outlying  electron, 
can  escape,  so  constituting  the  positive  emis- 
sion. One  peculiar  fact  has  frequently  been 
ved  by  Dr.  Bryan  when  exhausting  a 
valve,  viz..  that  a  small  liberation  of  occluded 
gas  will  give  rise  to  a  greater  tendency  to 
arcing  than  the  introduction  of  a  much 
greater  quantity  of  ordinary  air.  If  the  gas 
liberated  from  the  electrodes  is  already  ion- 
ized, the  observation  is  immediately  explained. 

"This  theory  is  a  very  interesting  one,  and 
is  one  on  which  some  light  could  be  thrown 
by  the  entire  removal  of  all  traces  of  hydro- 
gen. At  present,  however,  it  has  never 
seemed  possible  to  do  this,  as  such  extremely 
small  quantities  are  involved;  and  possibly 
other  ionized  gases  may  be  entrapped  in  the 
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same  way.  If  it  is  the  outer  electron  that  is 
lost,  this  would  seem  to  be  quite  possible 

That  the  positive  ions  attain,  under  even 
moderate  voltages,  velocities  which  are  much 
greater  than  those  possessed  by  the  cor- 
responding molecules  at  ordinary  temper- 
atures, has  already  been  pointed  out  in  the 
discussion  of  electrical  clean-up  at  higher  pres- 
sures.5 It  is  therefore  interesting  to  observe 
that  Eccles  and  Bryan  also  consider  that  this 
may  be  a  possible  explanation  of  the  ob- 
served clean-up  effects  in  hot-cathode  devices. 

On  the  other  hand,  in  a  very  recent  paper  by 
A.  LI.  Hughes6  another  explanation  has  been 
made  which  is  to  a  certain  extent  equally 
probable.  In  these  experiments  the  electrical 
clean-up  of  nitrogen  and  hydrogen  was  studied 
in  a  tube .  containing  as  cathode  a  platinum 
filament  coated  with  BaO  and  SrO.  In  most 
of  the  experiments  the  whole  tube  was  kepi 
immersed  in  liquid  air  and  the  electron  cur- 
rent was  maintained  constant  in  any  one  set 
of  measurements.  The  rate  of  clean-up  was 
found  to  decrease  gradually  during  any  run. 
owing  to  gradual  saturation  of  the  walls  of  the 
tube  (as  in  the  experiments  before  mentii  >ned) . 
The  initial  pressures  used  in  these  experi- 
ments varied  from  50X10"3  mm.  to2X10~3 
mm.  of  mercury.  The  conclusions  as  stated 
by  Hughes  are  as  follows : 

"For  hydrogen,  no  disappearance  was 
obtained  unless  the  electrons  had  energy 
above  13  volts.  The  rate  of  disappearance 
rose  rapidly  as  the  energy  of  the  electron  was 
increased  to  about  70  volts,  after  which  no 
rapid  change  was  noted  (the  rate  appeared 
to  diminish  somewhat  when  the  energy  of  the 
electrons  was  raised  from  150  to  300  volts). 
For  nitrogen,  the  rate  of  disappearance  was  at 
first  much  less  than  for  hydrogen,  but  when  the 
energy  of  the  electrons  was  raised  sufficiently 
(roughly  200  volts)  the  rate  of  disappearance 
of  the  nitrogen  exceeded  that  for  hydrogen." 

In  explanation  of  the  mechanism  of  clean- 
up Hughes  concludes  that  "this  disappear- 
ance is  due  to  the  splitting  of  the  molecules 
into  atoms  when  electrons  collide  with  the 
molecules,  and  these  atoms  condense  on  the 
adjacent  surfaces  particularly  if  they  are 
cold."  This  explanation  would  account  for 
the  observations  made  in  the  experiments  of 
Mrs.  Andrews  and  Huthsteincr  that  a  charg- 
ing up  of  the  tungsten  deposit  on  the  walls. 
with   either  positive  or  negative   potentials, 


produ  i  -  i  on  the  rate  of  clean-up  of 

nitrogen.      On    the    other    hand,    such    an 
explanation  could  obviously  no1 
the  clean-up  of  argon,     Hughes  has  also  cal- 
culated   the    ratio   between    the   numb 
mi  ill  cule  i  di  appearing   and   i  he   numbi 
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Fig.  69.  Hughes'  Expeiiments  on  Clean-up  of  Gases. 
Vaiisuion  with  voltage  in  the  ratio  (b)  of  the 
number  of  molecules  clean-up  to  the  number  of 
collisions  between  electrons  and  molecules 

collisions  between  electrons  and  molecules. 
Fig.  (id  taken  from  his  paper  gives  the  relation 
1  iet  ween  the  value  of  this  ratio  (designated 
b)  and  the  anode  voltage  for  both  nitrogen 
and  hydrogen.  It  is  seen  thai  with  approxi- 
mately 250  volts  on  the  anode,  about  one 
molecule  disappeared  for  every  six  collisions, 
and  presumably  this  molecule  disappeared  in 
the  form  of  atoms.  The  theory  that  collisions 
between  electrons  and  molecules  may  not  only 
lead  to  the  formation  of  ions  but  also  to  a 
dissociation  of  these  molecules  is  extremely 
suggestive  and  may  be  of  satisfactory  explana- 
tion of  the  clean-up  effects  in  some  cases,  but 
it  is  hardly  possible  that  it  is  of  gei 
application. 

Clean-up  and  Glow  Phenomena 

The  disappearance  of  gas  in  hot-cathode 
devices  has  also  been  discussed  at  consider- 
able length  in  two  recent  papers  by  the 
research  staff  of  the  General  Electric  Com- 
pany, Ltd.,  London.7  After  discussing  the 
previous  work  on  clean-up  phenomena  in 
electrical  discharge  tubes"  and  Langmuir's 
work  on  purely  chemical  clean-up,  the  writers 
point  out  the  effect  of  gas  in  eliminating  space 
charge,  as  has  already  been  described  in  the 
foregoing,  and  lay  special  stress  upon  thi 
appearance  of  the  glow  as  an  essential  fi 
for  the  occurrence  of  clean-up.  Accordingly 
they  have  made  very  careful  measurement 
of  the  potentials  at  which  this  glow  occurs. 
"The  first  observations,"  it  is  staled,  "proved 
that  the  glow  potential  is  independent  of  the 
temperature  of  the  filament  and  of  the  ther- 
mionic emission  from  it  in  wide  limits.  If 
there  is  no  thermionic  emission,  the  glow 
does   not   appear  of  course   until   the   spark 
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reached,  bu 

from  I  m  to  that  in  which  the  glow 

occurs    at    the    very    much    lower    potential 

ned  with  a  hot-cathode  is  so  rapid  that 

it  could  it":  be  determined  certainly  whether 

hange  was  continous  or  discontinuous. 

the  lower  value  is  obtained,  no  further 

change  occurs  even  if  the  thi  i  ission 

is  increased    100-fold.     There  is  no  evid 

ential  depends  at  all  on  the 

thermionic  emission,   so   long  as   it    is  great 

l<    i   potential  distinct 

from  the  spark  potential.    On  the  other  hand, 


In   the   ca  apor   the   glow 

potential  was  observed  to  be  always  32.5 
"whatever  the  nature  of  the  gas  with 
which  it  is  mixed."  Furthermore  the  addi- 
tion of  any  impurity  to  a  gas  was  "ft  en 
observed  to  decrease  the  glow  potential 
below   thai  of  either  of  the  constituents. 

An  important  distinction  is  drawn  be  these 
investigators  between  the  glow  potential 
and  that  required  for  ionization.  "It  is 
clear  thai    th  io1  ential  is  not,  like  the 

ionization  potential,  a  direct  property  of  the 
individual  atoms  of  the  gas,  it  must  also  be  a 
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ous  Ga 

1     greatly   on   the 

and  "ii  the  nature  of  the 

70  shows  the  relation  obtained  in  this 

on,   between  the  pressure  and  the 

glow  potential  for  different  gases.     It  will  be 

observed     that     the     potentials     are     plotted 

again!  rocal  of  the  pressures.     The 

used  ci  in*:. 
The  curves  for  hydrogen  show  the  ctiY 
slight  npurities.     The  glow  | 

tials  observed  with  increasing  voltages  were 
invariable  somewhat  higher  than  those 
observed  with  <1<  ,  the  maxi- 

mum difference  being  obtained  in  the  case  of 
aboul     in    volts    at    a 
mercury. 


function  of  their  mode  of  reaction  with  each 
other  or  with  the  walls  of  the  vessel;  for  the 
glow  potential  is  not.  like  the  ionization 
potential,  independent  of  the  pressure. 
There  is  no  evidence,  therefore,  that  the 
glow  represents  a  new  form  of  ionization  of 
the  individual  atoms." 

Some  interesting  observations  are  recorded 

1 'ampbell  and  his  associates  on  the  rate 

of   disappearance    of    different    gases    in    the 

ce  of  a  glow  discharge.  In  the  ca 
I  "'  I  ■•  was  found  that  the  gas  cleaned  up  in 
quence  of  the  reaction.  2CO  =  C+C02, 
the  carbon  dioxide  formed  being  adsorbed 
on  the  glass  walls.  The  complete  elimination 
of  mercury  vapoi  ial  for  the  o 


METHODS  FOR  THE  PRODUCTION  AND  MEASUREMENT  OF  MICH  VACUA 


rence  of  this  reaction.  "If  mercury  vapor  is 
completely  removed,  the  disappearance  cor 

tinues  until  the  discharge  stops,  owing  to  the 
rise  of  the  glow  potential — at  any  rate,  if  a 
potential  greater  than  300  volts  is  not  em- 
ployed. If  fresh  CO  is  admitted,  it  disappears 
again  under  the  discharge  at  a  rate  appar- 
ently unchanged;  a  limit  to  the  absorption 
has  not  been  found,  although  a  quantity  has 
been  adsorbed  equal  to  at  least  five  times  that 
representing  a  monomolecular  layer  on  the 
walls."  On  baking  the  vessel  to  over  :!:ill 
deg.  C  the  greater  part  of  the  gas  was  re- 
evolved,  mostly  as  CCv 

Nitrogen  was  observed  to  disappear  in  the 
same  manner  as  does  carbon  monoxide, 
"in  apparently  unlimited  quantities."  This 
is  accompanied  by  some  decrease  in  the 
filament  diameter  and  a  blackening  of  the 
bulb.  Probably  WN2  is  formed  as  has  been 
shown  by  Langmuir,9  although  Campbell 
seems  inclined  to  believe  that  the  tungsten 
is  cathodically  spluttered  off  the  filament 
and  covers  the  nitrogen  which  is  adsorbed  on 
the  glass. 

The  rate  of  clean-up  of  argon  was  observed 
to  be  less  than  one-fifth  that  of  nitrogen,  and 
at  the  same  time  rapid  blackening  of  the  bulb 
occurred.  "In  both  nitrogen  and  argon  there 
is  the  intimate  connection  between  cathode 
spluttering  and  absorption  of  gas  which 
Vegard10  has  noted  in  the  discharge  without 
an  incandescent  cathode." 

The  observations  with  hydrogen  in  the 
absence  of  a  discharge  were  in  agreement 
with  Langmuir's  observations  on  the  forma- 
tion of  atomic  hydrogen.11  Campbell  finds. 
however,  that  in  the  presence  of  a  discharge 
the  rate  of  clean-up  is  much  less  than  that 
obtained  because  of  purely  thermal  dis- 
sociation . 

Very  interesting  observations  are  recorded 
on  the  effect  of  passing  a  discharge  in  mercury 
vapor.  In  an  otherwise  thoroughly  exhausted 
glass  bulb,  it  was  observed  that  under  these 
conditions  hydrogen  is  liberated  from  the  walls. 
The  fact  that  the  discharge  may  evolve  gas 
fn  >m  the  walls  instead  of  causing  it  to  disap- 
pear had  already  been  noticed  by  Campbell 
as  occurring  to  some  extent  in  nitrogen,  CO, 
and  argon.  In  the  presence  of  mercury  vapor 
this  phenomenon    is   extremely   marked. 

"And  it  should  be  noted  that  the  gas  thus 
liberated  cannot  be  liberated  by  mere  heating 
of  the  walls  to  their  softening  point;  gas  can 
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be  a1  tached  to  the  walls  in  somi 

thai  it  can  be  liberated  bj   the  di 

no1   !>\    heating      ( if  course,  the  a 

maj  conj  is1  ol  chemii  al  combination;  iti     10 

!  ible  that  glass  contaii 

combined,  probablj  as  water.     Hut  it 

be  observed   thai    the  hydrogen   hi"  rati  d,   it 

piled  up  on  the  glass,  would  form  a  la 

least  25  molecules   thick;   some   ol    il 

therefore  have  comi    from  .1  la;  ei  al  li  . 

molecules  deep.     Since  the  potential  driving 

the  discharge  in  these  experiments  was  ofti  n 

as  low  as  50  volts,  ii  is  hardlj  to  i„    expecti  d 

that  the  electrons  or  ions  could  penetrat*     0 

far    into    the    glass    simply    in    virtui     -I     thi 

energy  which  they  receive  from  the  .lis.  : 

It  seems  easier  to  believe  that  a  layer  on  the 

surface,  subject  to  the  action  of  the:  e  pai 

is    constantly    renewed     by     diffusion     from 

within." 

The  conclusions  drawn  by  Campbell  from 
his  experiments  are  as  follows; 

(a)  All  gases  can  be  made  to  adhere  to 
glass  by  the  discharge  in  such  a  way  thai 
part,  at  least,  can  be  restored  by  heating  the 
glass. 

"(lit   The  amount  of  gas  that  can  bt 
so  to  adhere  depends  on  the  nature  of  the  gas 
and  on  the  state  of  the  glass. 

"(c)  The  adhesion  is  not  due  primarily  to 
chemical  reaction,  although  such  reaction  (as 
in  the  conversion  of  CO  to  CO>)  may  aid 
adhesion  by  converting  the  gas  into  another 
which  adheres  more  readily. 

"(di   The  discharge  can  also  libera  ■ 
from  the  walls,  doubtless  by  bombardment  of 
the  charged  particles,  and  some  of  the  gas  so 
liberated  cannot  be  liberated  In    heating   the 
glass  to  the  softening  point. 

"(e)  The  limit  in  the  disappearance  of  tin- 
gas  is  reached  when  the  rate  at  which  ga  it 
caused  to  adhere  to  the  glass  by  the  dis- 
charge becomes  equal  to  the  rati-  at  which  it 
is  liberated  by  the  bombardment." 

The  results  of  some  experiments  carried 
out  in  this  laboratory  are  of  interest  in  con- 
nection with  these  observations  obtained  I' 
Campbell  and  his  associates.  That  the  clean- 
up effects  are  more  pronounced  in  the  pres- 
ence of  blue  glow  is  undoubtedly  true  hut. 
as  already  mentioned,  the  rate  of  elect  neal 
clean-up  in  hot-cathode  devices  is  quite  appre- 
ciable even  at  low  pressures  where  the  volt- 
ages used  are  below  the  glow  potential. 
Again,  the  actual  values  of  the  glow  potentials 
as  given  in  Fig.  70  are  probably  dependent 
upon  the  form  of  the  electrodes  and  the  vessel, 
a  conclusion  which  is  also  expressed  by  Camp- 
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.  the  glow  potential  for  mei 
at  2X10-3  mm.  is  given  by  the  la1 

erning 
iments   carried   out    in    this 
with  a  *  athode 

due  glow 
1  \  oils. 
Wit!  o  the  relation  between  blue 

glow   potential  and   electron  emission,    Mr 
Andrews1'-  has  observed  that   in  the  ease  of 
ii  i  he  voltage  required 
for  thi  i  I  lue  glow  sh 

with   increase  in  emission. 
pressures  it  is  possibl< 
potentials;  at   the  lower  of  these. 
■  the  anode,  and  at  the 
age  the  glow  occurs  both  above  and 
Furthermore,    with    250 
on  the  anode,  it  was  observed  that  the 
electron  emission  at  which  blue  glow  appeared 
varied  with     the 

i  re.  Thus,  at  45 X  1 0~3  mm.  of  argon,  the 
electron  emission  required  to  produce  blue 
glow  was  about  0.15  milliamp..  whereas  at 
4X10~3mm  the  necessary  emission  was  about 
1.1  milliamp.  In  these  measurements  an 
ionization  gage  was  used,  with  the  inner 
filament  as  cathode  and  the  other  one  as 
At  the  same  time  the  positive  ion 
current  was  measured  to  the  cylinder  sur- 
rounding both  filaments,  and  it  was  observed 
that  this  current  was  approximately  the  same 
in  all  cases  when  blue  glow  appeared.  This 
means  that  for  the  appearance  of  glow  in  any 
device  it  is  apparently  necessary  to  have  a 
certain  density  of  positive  ions.  This  con- 
clusion would  also  be  in  accord  with  the 
observation  mentioned  previously  that  the 
electron  current  required  for  blue  glow  to 
appear  varies  inversely  as  the  pressure. 

Electrical    Clean-up    Phenomena     in     Incandescent 
Lamps 

The  observations  discussed  in  the  previous 

'i  have  a  fundamental  significance  from 

the    point    of   view    of   the    clean-up    effects 

observed  in  vacuum  type  incandescent  lamps. 

In  European  practice  it  is  customary  to 
exhaust  lamps  to  a  very  high  degree  of 
vacuum,  the  residual  gas  pressure  being 
usually  less  than  one  bar.  Care  is  taken  to 
eliminate  water  vapor  as  much  as  possible  by 
a  thorough  baking  out  of  the  glass,  and  the 
filaments  are  flashed  on  the  pumps.  On  the 
hand,  in  this  country  various  economic 

implete  account  of   these  experiments  will  be  published 
in  the  near  future. 

"W.   R.   Whitney.   Trans.    Am.   Inst.    Electrical   En,,.. 
(1912). 


reater 

speed  of  production  in  all  lines,  not  excluding 

i  lamp  manufacture.    Consequently  the 

period  of  exhaust  ha  iced,  and  at 

•  it  is  the  normal  practice  to  complete 

the  whole  exhaust  i  iperal  ion  in  a  period  which 

may  \  five  minutes  to  as  low  a 

hah  minute.     In  this  short  period  of  time  the 

pressure   is   reduced  from  atmospheric  to   a 

few   liars,  the  glass  is  raised  to  a  high  tem- 

ure  to  eliminate  as  much  water  vapor 

ossible  and  the  lamp  sealed  off. 

It    is   evident   that   under  these  conditions 
must  remain  in  the  Ian  lerable 

amount    of   residual   gas,    to   which   must   be 
added  the  I  Ly  evolved 

on  lighting  the  filaments.  As  a  matter  of  fact, 
the  residual  gas  pressure  in  actual  practice 
from  as  low  as  one  bar  to  over  100 
-.ding  upon  the  nature  of  the 
exhaust  process  used.  In  view  of  the  fact, 
which  has  been  known  for  a  long  tune,  that 
the  life  of  an  incandescent  lamp  is  consider- 
ably increased  by  improvement  in  vacuum 
and  through  elimination  of  water  vapor,  it 
has  therefore  been  necessary  to  devise 
methods  by  which  the  residual  gas  can  be 
cleaned  up. 

The  most  usual  method  of  attaining  this 
result  is  that  suggested  by  Malignani  in  1894 
As  used  in  the  days  of  the  carbon  filament 
lamp,13  "this  process,  in  its  most  perfect 
form,  consisted  in  distilling  into  the  bulb  a 
small  amount  of  some  such  substance  as 
arsenic,  sulphur,  iodine,  or  phosphorus. 
At  the  instant  when  one  of  these  vapors 
was  introduced,  a  high  current  was  passed 
through  the  filament,  the  lamp  being  closed 
from  the  pump.  In  case  of  incandescent 
lamps  where  the  voltage  is  above  o(J  for  a 
fair  brilliancy  of  filament,  a  blue  discharge 
passes  through  the  bulb  and  this  blue  quickly 
disappears  when  such  vapors  are  intro- 
duced." 

Further  investigation,  notably  in  this 
laboratory,  showed  that  during  the  disap- 
pearance of  blue  glow  there  occurred  a  con- 
siderable improvement  in  vacuum.  It  was 
furthermore  observed  that  this  blue  glow  and 
clean-up  also  occurs  if  no  phosphorus  is  used. 
"In  improving  the  vacuum  this  latter  way. 
however,"  states  Dr.  Whitney,  "it  is  known 
that  the  filament  is  injured  and  apparently 
a  part  of  its  material  has  been  vaporized. 
The  process  soon  causes  blackening  of  the 
lamp  by  carbon."  The  connection  between 
blue  glow  and  Edison  currents  in  carbon 
lamps  is  also  mentioned  in  the  same  paper. 
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It  was  observed  that  if  a  platinum   plate  is 
sealed  into  a  lamp  and   charged    positively, 
a  continuous  current  can  flow  to  it   from  the 
negative  half,  or  end  of  the  filament,  bv 
from  the  positive  end.    The  currei 
to  varywith  gas  pressure  and  also  the  n 
location  of  the  plate  in  the  lamp.     At  that 
time,  of  course,  the  phenomena  of  electron 
emission  from  heated  filaments  had  no1  been 
studied   thoroughly  and    for   this    reason    no 
satisfactory  explanation  of  the  Edison  effect 
could  be  given 
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aneous  fla  :  lament, 

wire  will,  an  all  hoi  ,j    red  phos- 
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Fig.  71.      Clean-up  of  Residual  Air  in  100-watt,  120-volt 
"Ungettered"  Lamp 
A—  Initial  pressure.  1.33  bar  (1  micron) 
B — Initial  pressure,  6.67  bar  (5  ] 


The  observations  on  electron  emission  and 
clean-up  effects  in  hot-cathode  tubes  obvi- 
ously throw  considerable  light  on  this  phenom- 
enon. The  negative  end  of  the  filament 
emits  electrons,  and  under  the  influence  of  the 
positive  voltage  produced  by  the  other  end 
of  the  filament  the  residual  gas  is  ionized. 
Hence  the  appearance  of  blue  glow.  The 
positive  ions  are,  then,  cleaned  up  rap  dly 
by  the  action  of  the  voltage,  in  the  same 
manner  as  has  already  been  described,  and 
the  blue  glow  disappears. 

The  phenomena  in  tungsten  lamps  are 
similar  to  those  observed  in  carbon  lamps. 
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Clean-up  of  Residual  Air  in  100-watt,  120-volt 
"Gettered"  Lamp 
.1  — Initial  pressure, 
B — Initial  pressure. 


Before  discussing  the  theories  that  have 
been  suggested  in  explanation  of  the  function 
of  phosphorus  in  cleaning  up  residual  gases, 
it  is  of  interest  to  mention  some  of  the  experi- 
mental results  that  have  been  obtained  by 
Mr.  Huthsteiner  and  the  writer  on  the  rate 
of  clean-up  of  gases  in  lamps  under  various 
conditions.  Fig.  71  shows  the  clean-up  of 
residual  air  in  a  regular  type  100-watt  120- 
volt  lamp  in  which  no  phosphorus  or  other 
clean-up  reagent  was  used.  An  ionization 
gage  attached  to  the  lamp  was  used  to 
measure  the  pressure.  In  lamp  practice,  any 
substance  put.  on  the  wire  or  in  the  lamp  for 
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the  pu  ing  the  vacuum 

or    pr  blackening    is    known    as    a 

ire,  of 
which  the  results  are  given  in  Fig.  71,  the 
lamps  were  ungettered.  Before  introducing 
the  air  at  a  definite  initial  pressure,  the  lamp 
and  ionization  gage  were  well  exhausted  by 
baking  hour  on  the 

pump  and   flashing  the  filaments  to  a  high 
temperature,  thus  eliminating  gases  occluded 
in  the  glass  walls  and  filament ;  the  ele< 
in  the  i  ded.    Curve 

A  shows  the  rate  of  clean-up  with  an  initial 
reof  1.33  ban  l  "mien  n,"14  and  Curve  i? 


used  as  getter.     In   this   case  the  lamp  and 
gage  were  exhausted  as   before,  then   air  was 
let  in,  the  lamp  removed  from  the  pump,  and 
a   suspension    of    red    phosphorus   in   alcohol 
painted  on  the  leads  just  below  the  filament. 
The  combination  was  then  re-exhausted,  gi  ecu 
a  five-minute  hake  oul   at   360  deg.   C 
sealed  off.    <  )n  flashing  at  156  volts,  the  leads 
1  up  sufficiently  to  voltalize  the  phos- 
phorus   and    the    clean-up    curves    shown    in 
72    were    obtained. 
In  these  cases,  also,  most  of  the  . 
up  during  the  period  of  blue  glow,  and  as  will 
l>e  seen  by  comparing  these  results  with  those 
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Fig.  73.  Cleanup  Argon  Curve  A  and  Air  Cure;  8 
in  100-watt  120-volt  Phosphorous  Gettered  Lamp, 
Flashed  at  144  volts 

with  an  initial  pressure  of  6.67  bar  (5  microns). 
The  initial  flash  of  blue  glow  disappeared  in  a 
fraction  of  a  minute,  and  as  will  be  observed 
from  the  curves  most  of  the  gas  cleaned  up  in 
this  period.  The  subsequent  rate  of  clean-up 
was  not  as  rapid.  The  flashing  voltage  used 
was  156  volts,  corresponding  to  130  per  cent 
of  the  normal  operating  voltage. 

Fig.   72  shows  the  results  obtained  with  a 
similar  lamp)   in   which   red   phosphorus   was 
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Fig.   74.      Rate  of  Clean-up  in  Two -filament  Kenotron 
Curve  .4 — No  red  phosphorous,  no  voltage  on  second 

filament 
Curve  B — Xo  red  phosphorous.   250  volts   on  second 

filament 

— Red  phosphorous  on  leeds  of  cathode  filament. 

'250  volts  on  anode  filament 


shown  in  Fig.  71,  the  initial  rate  of  clean-up 
is  much  greater  in  the  presence  of  phosphorus. 
In  the  case  of  the  lamp  sealed  off  with  air  at 
1(1  microns  pressure,  about  97  per  cent  of  the 
gas  disappeared  in  the  first  minute. 

Fig.  73  shows  the  difference  in  the  rate  of 
clean-up  of  argon  and  air.  In  the  case  of 
argon  (Curve  C)  the  initial  pressure  was  6.5 
microns,  and  in  that  of  air  (Curve  B)  the 
residual  gas  pressure  was  4.5  microns.     These 
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observations  also  show  the  effect  of  phos- 
phorus  in   accelerating    the   clean-up 

In  general,  over  90  per  cent  of  the  residual 

gas  is  cleaned  up  in  a  lamp  during  the  blue 
glow  period,  and  the  rate  of  clean-up  during 
this  time  is  much  more  rapid  than  thai 
obtained  subsequently.  The  final  pressure 
attained  on  flashing  varies  from  (l.dl  to 
0.001X10-3  mm.  of  mercury.  During  life 
the  pressure  continues  to  decrease  very 
slowly,  and  even  after  the  filament  burns  out, 
there  is  no  increase  in  pressure. 

Observations  with  different  types  of  lamps 
have  shown  that  there  is  no  appreciable  clean- 
up below  :',()  volts,  but  the  rate  of  clean-up 
increases  rapidly  as  the  voltage  is  increased 
above  this  value,  and  is  extremely  rapid  in 
case  of  220-volt  lamps. 

Theory  Regarding  Action  of  Phosphorus  in  Improv- 
ing Vacuum 

Any  theory  regarding  the  action  of  the 
phosphorus  in  incandescent  lamps  must 
primarily  take  into  account  the  phenomena 
observed  in  hot-cathode  devices.  Fig.  71 
shows  some  results  obtained  with  a  two- 
filament  kenotron  (similar  to  that  used  in 
studying  electrical  clean-up  effects  without 
phosphorus)  on  the  clean-up  of  residual  air. 
Curve  A  serves  as  the  blank  to  take  into 
account  any  purely  chemical  clean-up.  while 
Curves  B  and  C  show  the  effect  of  the  pres- 
ence of  phosphorus.  These  observations 
show  definitely  that  the  phosphorus  is  most 
effective  during  the  blue  glow  period,  as  has 
already  been  emphasized  in  describing  the 
ciean-up  phenomena  in  lamps.  The  similarity 
between  Curves  B  and  C  and  those  obtained 
in  incandescent  lamps  also  leads  to  the  con- 
clusion that  the  clean-up  phenomena  in  the 
latter  and  in  hot-cathode  devices  must  be 
quite  similar  in  origin,  that  is.  the  reactions 
probably  involve  the  formation  of  ions  as  an 
essential  intermediate  stage. 

The  action  of  phosphorus  in  a  lamp  is 
undoubtedly  not  very  simple.  It  may  be 
partly  chemical,  as  probably  some  P_>< >.-,  is 
formed  in  the  presence  of  residual  oxygen 
and  this  would  assist  materially  in  eliminating 
water  vapor  and  hydrogen.  In  some  experi- 
ments carried  out  by  Messrs.  Macka;  and 
Huthsteiner,  it  was  observed  that  very  large 
amounts  of  hydrogen  could  be  cleaned  up  by 
the  action  of  phosphorus  vapor  in  a  lamp 
and   (hat  a  black  deposit  was  formed  on  the 

15Zeits.  f.  Elektrochem,  J'l,  110  I  I'll  h. 

1BPhil.  Mag.,  r.4,693  (1921).  A  short  discussion  of  this  subject 
has  also  been  published  by  L.  Hamburger,  Proc.  Amst.  Acad. 
Sciences,  .7,  l<ir,i>  .  l!il!)i.  \vh..se  observation  are  on  the  whole 
similar  to  those  recorded    ibove 


wall  .      Thi  •  deposit   was  a    umed   to  < 

1  1   compound  :  o  Iro         and   phos- 

phorus, alth  ugh  m    conclusi 
this  wa 

Phosphorus    itself    is    a  n  sting 

substance  chemically 

exists  in  at  leasl  two  forms  al  ordinal     tem 
peratures     the  white  and  the  red      I 
in-,  the  white  to  jusl  below  247  de     i 
con,  ,ricd    into    the   red    modification 
latter  has  an  extremely  low  vapor  pressure 
even  at  300  deg.  ('  .  while  the  white  fi  n 
quite  volatile.    Again,  on  passing  a  disci 
through    the    vapor  ol    white   phosphorus   it 
is  converted  into  the  red  mollification  winch 
deposits  as  a  fine  yellow  to  red  coloration  on 
the  walls  of  the  glass  bulb.    This  phenomenon 
has    been    investigated    very    fully    by    V. 
Kohlschuttcr  and   A.   Trunkin  '' 

One  theory  of  the  action  of  phosphorus 
which  has  some  foundation  is  that  the  pi 
phorus  vapor  at  the  moment  of  condensation 
on  the  glass  removes  positive  ions  from  the 
gas  in  much  the  same  manner  as  C.  T.  R. 
Wilson  observed  in  the  case  of  supersaturated 
water  vapor.  In  the  latter  experiments  il 
was  found  that  on  suddenly  expanding  a 
saturated  with  water  vapor  (so  as  to  conden  ;e 
this  vapor)  there  was  a  removal  of  ions  on  the 
surface  of  the  extremely  small  drops  of  water. 

The  most  recent  and  most  interesting  con- 
tribution to  the  elucidation  of  this  problem 
is  that  published  by  N.  Campbell.16  He  find 
in  agreement  with  other  investigators  that  on 
passing  a  glow  discharge  through  phosphorus 
vapor,  it  is  converted  into  the  red  form, 
which  deposits  on  the  walls.  Hydrogen, 
carbon  monoxide,  and  nitrogen  when  mixed 
with  phosphorus  vapor  clean  up  in  the  dis- 
charge very  rapidly  and  in  lar.ee  amount-. 
An  interesting  observation  (in  accord  with 
those  made  in  this  laboratory)  is  that  "a 
lower  final  pressure  can  be  reached  with  a 
given  applied  potential  in  the  presence  of 
phosphorus  than  in  its  absence  "  The 
explanation  of  this  as  given  by  Campbell  is 
as  follows 

"The   absorption    of   gas    ceases   when    tin- 
glow  discharge  ceases;  and  the  glow  discharge 
when   the   falling   glow   potential    be- 
comes equal  to  the  applied   potential.     The 
admixture  of  phosphorus  vapor  with  tin 
increases  the  pressure  corresponding  to 
given   partial   pressure   of  the  gas,   and   thus 
decreases    the    glow   potential    corresponding 
to  that  partial  pressure.     It  therefore  ei 
the  discharge  and  the  absorption   of  gi 
continue  when  the  partial  pressure  has  fallen 
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so  low  that,  if  the  gas  were  present  alone  and 
irtial  pressure  were  the  total  pressure, 
the  potential  applied  could  no  longer  be  suffi- 
intain  the  discharge.     When  the 
partial  pressure  of  the  gas  has  fallen   suffi- 
ciently,  the  phosphorus  vapor,  and  not   the 
ar;  and  the  disappear- 
ance of  tin  eeds  until  the  pressure 
of  the  phosphorus  has  fallen  so  low  that  the 
discharge  can  proceed  no  longer      And  when 
the  di                           because  th    falling  glow 
tial   has  become  equal    to   the   applied 
potential,  it  is  not  started  again  except  by  a 
very  great  increase  of  potential,  owing  to  the 
wide  difference  between  the  falling  and  rising 
potentials  in  this  vapor." 
Furthermore.  Campbell  concludes  that   the 
reaction    leading    to    the    conversion    of    the 
phosphorus  vapor  into  the  red  solid  isrevers- 
of     the    discharge.      The 
equilibrium    is     pushed    towards    the    vapor 
phase  when  the  red  phosphorus  on  the  walls 
is  bombarded  by  positive  ions,   so  that  "as 
long  as  there  is  gas  present  in  considerable 
quantity  the  conversion  of  white  into  red  is 
complete;    there    is    always    enough 
white  phosphorus  re-evaporating  to  maintain 
the  discharge;  and  it  is  only  when  the  gas 
has  been   greatly   reduced   in   quantity   that 
the   equilibrium   moves   once   more    towards 
the  solid  phase,  and  a  complete  disappearance 
of  all  gaseous  molecules  is  obtained." 

This  theory  would  account  for  the  obser- 
vation, often  made  in  lamp  practice,  that 
clean-up  effects  can  be  made  to  occur  in  lamps 
in  which  red  phosphorus  is  present  on  the 
bulb  walls,  instead  of  being  on  the  leads  or 
filament.  The  action  in  this  case  would  be 
o  the  bombardment  of  the  red  deposit 
by  positive  ions,  with  the  resulting  formation 
of  a  slight  amount  of  vapor. 

Regarding     the    chemical    theory    of    the 
action    of    phosphorus,    Campbell    concludes 
that  there  is  no  evidence  for  any  such  tl 
and  gives  the  following  experimental  observa- 
tions to  confirm  this: 

If   the   gas   that   has   disappeared    is 
red,  it  is  found  to  be  in  the  same  chemical 
state   as   it    would   have   been   if   it   has   dis- 
appeared in  the  absence  of  phosphorus. 

■  i  simple  relation  between  the 
quantity  of  gas  that  can  be  made  to  disa] 


and  the  quantity  of  phosphorus  necessary  for 
appearance.    There  is  nothing  approach- 
ing to  a    law  of  constant  proportions.' 

The  amount  of  gas  that  will  disappear 
depends  very  greatly  on  the  surface  condition 
of  the  walls  of  the  discharge  vessel." 

As  a  working  theory  Campbell  suggests  that 
the  red  phosphorus  covers  the  deposited  gas 
and  prevents  it  from  being  liberated  again 
by  bombardment.  At  the  same  time  this 
red  deposit  provides  a  new  surface  on  which 
gas  can  be  absorbed.  That  the  red  phos- 
phorus deposit  adsorbs  gas  even  in  the  absence 
of  any  discharge  has  been  observed  by  the 
writer  in  a  number  of  experiments. 

From  the  point  of  view  of  this  theory,  it 
therefore  is  possible  to  account  for  the  action 
of  red  phosphorus  as  used  in  lamp  practice  as 
follows:  As  well  known  the  ordinary  red 
phosphorus  undoubtedly  contains  small  traces 
of  the  white  modification,  as  shown  by  the 
formation  of  P->Oh  when  it  is  exposed  to  air. 
Furthermore,  when  the  glow  discharge  starts, 
some  of  the  red  phosphorus  deposited  on  the 
walls  becomes  converted,  as  already  stated, 
into  the  white  form  which  volatilizes.  This 
-  in  maintaining  the  glow  discharges  at 
much  lower  residual  gas  pressures  than  is 
possible  in  the  absence  of  phosphorus.  The 
positive  ions  (or  dissociation  products  accord- 
ing to  Hughes)  formed  in  the  discharge  are 
driven  into  the  walls  and  immediately 
become  covered  with  the  red  deposit.  The 
gas  pressure  is  therefore  reduced  very  rapidly 
and  finally  reaches  a  value  at  which  no  glow 
discharge  can  occur  with  the  given  applied 
potential. 

As  mentioned  by  Dr.  Whitney,  ar 
sulphur  and  iodine  act  in  a  similar  manner 
to  phosphorus  in  cleaning  up  gas  in  incan- 
descent lamps.  In  fact  any  substance  that 
can  be  readily  sublimed  acts  in  the  same 
manner.  It  seems  therefore  that  the  most 
plausible  theory  would  be  that  firstly  the  vapor 
formed  by  volatilization  of  these  substances 
assists  in  maintaining  a  glow  discharge  at 
lower   residual    ga  ires,    and    secondly 

that  the  deposit  formed  by  condensation  of 
these  vapors  covers  tin-  gas  driven  into  the 
walls  (whether  as  positive  ions  or  neutral 
dissociation  products)  and  thus  prevents  it 
from  being  re-evolved  readily. 
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ing continuous  potentials.  Bibliography 
of  1 1  entries.) 

Electric  Cables 

Research  on  the  Heating  of  Buried   Cables. 
I.E.E.  Jour.,  Feb.,  1921;  v.  59,  pp.  181-238. 

(British  report,  of  preliminary  nature,  on 
completed  and  contemplated  tests.  Tech- 
nical paper  with  many  tables  and  graphs.) 

Electric  Lamps,  Arc 

On  the  Arc  Lamp  with  Heated  Electrodes.     (In 
German.) 
Elek.  Zeit.,  Apr.  14,  1921;  v.  42,  pp.  375-376. 
(Results  of  tests  giving  the  effect  upon  the 
arc  of  heating  the  electrodes  by  means  of 
small  auxiliary  reflectors.) 

Electric  Locomotives 

Mechanical    Calculation    of    the    Suspension    of 
Geared   Motors  on   Electric   Locomotives. 
Caminati,  Andrea.      (In  Italian.) 
Elettrolecnica,  Feb.  5,   1921;  v.  8,  pp.  75-80. 
(Technical  discussion.) 

Electric  Motors,  Induction 

Induction  Motor  with  a  Double  Squirrel-Cage 
Rotor.  (In  German.) 
Elek.  Zeit.,  Apr.  21,  1921;  v.  42,  pp.  403-404. 
(Details  and  characteristics  of  the  motor 
manufactured  by  the  Coiner  Elektromotor- 
enfabrik,  and  patented  in  Germany  and 
other  countries.) 

Electric  Transformers 

Damping  Resistances  for  High-Tension  Protection 
of  Transformers.      Patzelt,  F.  (In  German.) 
Elek.  Zeit.,  Apr.  7,   1921;  v.  42,  pp.  343-344. 
(Method  of  application  of  such  resistances. 
Illustrated.) 
Practical  Formulas  for  the  Secondary  Voltage  of 
Industrial     Transformers.      Le     Cocq,     R. 
(In  French.) 
Revue  Gen.  de  I'Elec.,  Apr.  30,    1921;  v.  9,  pp. 
611-613. 
(Mathematical.) 


Electric  Transmission 

Technical  Problems  of  the  Large  Centra]  Station. 
Biermanns,  J.     (In  German,/ 
Elek.  Zeit.,  Jan.  13,  1921;  v.  42,  pp.  25-28. 
(Extensive     paper    discussing     transmission 
problems,  disturbances,  protective  devici    . 
etc.      Mathematical   treatment,    with    nu- 
merous diagrams.     Serial.) 
Electric  Transmission  Lines 

Economic  Design  of  High  Tension  Transmission 
Lines.     Dobson,  W.  I'. 
Elec.   News,  May  15,  1921;  v.  30,  pp.  36-38. 
(Mathematical.) 

Electrical  Machinery — Rating 

Rating  of  Electrical  Machinery.  Crocker,  Francis  B. 
Elec.  Wld.,  Apr.  30,  1921;  v.  77,  pp.  977-980. 
(Discusses  various  rulings  and  compares  the 
40-degree    motor    with    the    50-dcgree    or 
continuous  rated  motor.) 
Electrical  Machinery,  Synchronous 

Data    for    Estimating    Weights    of    Synchronous 
Machines.     Schou,  Theo. 
Elec.  WW.,  May  21,  1921;  v.  77,  pp.  L106-1161. 
Essential  Design  Data  for  Choosing  Synchronous 
Machines.     Schou,  Theo. 
Elec.  Wld.,  May  7,  1921;  v.  77,  pp.  1033-1037. 
(Presents  graphic  and  other  data  useful  in 
the  choice  of  synchronous  machinery.) 
Electrical  Machinery — Temperature 

Heat  Losses  in  the   Conductors    of    Alternating- 
Current  Machines.     Lyon.   Waldo  V. 
.1.  /.  E.  /•;.  Jour.,  May,  1921;  \ .  10,  pp.  398-410. 
(Mathematical  discussion 

Frequency  Changers 

On  a  Static  Frequency  Changer.      Mauv,    1 
and  Bontron,  Victor.      'In   I  :- 
Revue  Gen.  de  I'Elec,  Apr.   16,   1921;  v.  9,  pp. 
523-527. 
(Makes  use  of  the  three-electrode  valvi 
device  for  changing  frequency.) 
Insulators 

Tube-Shaped  Insulators.     Christiani,  Willi.     (In 
German.) 
Elek.  Zeit.,    Mar.  31,    1921;  v.  42,   pp.  309-311. 
(Shows    the    disadvantages    of    bell-shaped 
insulators  and  suggests  a  new 
Lubrication  and  Lubricants 

Effect   of    High    Pressure   on    the   Viscosity    and 
Density  of  Lubricating  Oils. 
Lubrication,  Apr.,  1921 :  v.  7,  pp.  11-12. 

(Short    article    giving    a    summary    of     test 
results.) 
Pipes  and  Piping 

Design  of  Pipe  Bends  for  Expansion  in  Pipe  Lines. 
Stewart,   ].  G. 
Power,    Max    10,   1921;  v.  53,  pp.  742-743. 
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•'tis   governing   choice   of   relays 
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Salt    Lake   City's 

New  Lighting  System 

The  Utah  Power  &  Light  Co.  is  now- 
installing  on  State  Street  and  Broadway 
handsome,  large,  three  light  standards, 
illustrated  on  this  page. 

This  standard  is  conceded  to  be  one 
of  the  largest  and  most  handsome  ever 
built  for  business  district  lighting.  It 
was  designed  by  \Y.  D'a  Ryan,  Illumi- 
nating Engineering  Laboratory,  General 
Electric  Co.,  Schenectady,  N.  Y.,  and 
manufactured  by  the  Union  Metal  Man- 
ufacturing Co.,  Canton,  Ohio. 

Each  pressed  steel  casing  standard 
telescopes  completely  over  a  tubular 
steel  trolley  pole  from  which  span  wires 
are  suspended.  Lighting  equipment 
consists  of  three  ornamental,  luminous 
arc  lamps  per  standard. 

This  system  represents  the  result  of 
eighteen  months'  exhaustive  study  and 
experiment  on  the  part  of  progressive 
Salt  Lake  City  business  interests,  city- 
officials  and  engineers  of  The  Utah 
Power  &  Light  Co.  Their  aim  to  obtain 
the  finest  business  district  lighting  in  the 
country  has  been  realized  both  in  the 
fine  appearance  of  the  new  system  and 
its  superior  illuminative  value. 

Union  Metal  and  General 
Electric  engineers  will  point 
out  for  you  the  "Right  way  for 
your  White  Way,"  whether 
your  requirements  be  a  large 
spectacular  business  district 
standard  or  a  small,  modest 
type  for  parkway  or  private 
grounds. 
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THE  OLD   AND  THE  NEW 

On  Broadway,  Saratoga  Springs,  Fifteen  600-c.p.  Pendant  Type  Fixtures  Were  Replaced  by  70  Ornamental  Standards,  Each 

Having  Two  1000-c.p.  Units.      At  the  same  time  all  overhead  wi.ing  and  unsightly  poles  were  removed  from  the  street 
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THE  ART  OF  ILLUMINATING  THE  NIGHT 


When  the  sun,  thai  great  illuminant,  sinks 
below  the  horizon  the  opportunity  of  the 
lighting  specialist  begins.  With  all  the  splen- 
dor and  beauty  of  daylight,  perhaps  more  has 
been  written  about  the  beauty  of  the  night 
than  that  of  the  day.  We  must  tread  care- 
fully, skillfully,  if  we  are  to  be  worthy  of  the 
opportunity  of  adding  to  this  beauty,  of 
rendering  it  more  attractive  perhaps  by  con- 
trast with  our  artificial  illumination  whilst 
fulfilling  a  practical  necessity. 

The  coming  of  night  marks  a  tremendous 
simplification  of  tonal  values — a  broadening 
of  the  panoramas  and  the  scenes  in  our  cities, 
in  their  silhouettes,  street  vistas,  and  their 
plazas.  This  is  largely  because  of  the  absence 
of  color,  the  limiting  of  the  range  of  vision, 
and  the  partial  illumination  of  the  objects 
instead  of  their  complete  and  entire  reveal- 
ment  by  the  diffused  light  of  day  and  because 
lighting  is  relatively  speaking  white  light  in 
its  general  every-day  effect,  in  spite  of  the 
fact  that  there  are  many  subtle  differences 
from  warm  to  cold  hues  in  the  various  arti- 
ficial lights  employed. 

In  the  panoramas  of  great  cities  seen  from 
the  heights,  the  effect  is  relatively  uniform 
although  to  be  sure  when  the  lighting  of  the 
avenues  and  plazas  are  considered  the  varia- 
tion in  intensity  and  hue  of  the  points  of 
light  forms  an  opportunity  for  fine  variations 
and  interesting  effects. 

In  this  connection  it  is  interesting  to  recall 
the  broad,  splendid  field  of  lighting  of  the 
Place  de  la  Concorde  as  compared  with  the 
mall  through  St.  James  Park  leading  to  the 
open  place  of  Buckingham  Palace.  The 
lights  lining  the  avenue  are  warm  in  tone  and 
those  surrounding  the  Palace  and  Place  are  of 
pale  greenish  hue.  The  incidental  effect  of 
lighting  on  the  memorial  which  is  of  a  warm 
purplish  hue  by  contrast,  in  the  center  of  the 
plaza,  also  is  interesting. 

History  repeats  itself  in  lighting  as  in  other 
things.  The  brilliancy  of  our  lighting,  more- 
over, due  to  the  modern  use  of  electric  cur- 
rent is  fine,  but  until  good  design  shall  have 
triumphed  over  bad,  both  as  to  fixtures  and 
as  to  quality  of  light,  no  real  progress  can  be 
said  to  have  been  made. 

Mere  brightness  in  places  will  not  properly 
replace  good  uniform  lighting  even  if  dull. 
There  mav  be  variations  in  the  form  and  the 


intensity  of  lighting  in  the  various  parts  of 
our  cities,  l.m  it  will  be  good  only  when  this 
lightin  overned    b      a    o  tnpn  hensive 

nl       Wi 

over  proud  of  our  achievements  in  mo 
times  in  the  temporary  and  brilliant  lighting 
of  our  exposition  their 

chief  claim  to  distincl  and  lasting  value  must 
always  be  that  t  hej  hai  e  been  well  desi 
for  this  feature  of  lighting  though  striking  is 
not  new.     At    tunes  of  fefc 
the    buildings,    the    garden    walks,    and    t la- 
fountains  at  Versailles  during  the  n  ij  n  oi  the 
"Roi  Solid."  as  described  by  chronicli 
the  period   and    illustrated   in  drawing 
she<  r  beauty  and  finene  md  arrange- 

ment would  set  us  a  hard  pace  with  all  our 
modern  facilities.  The  difference  of  opera- 
tion apparently  is  that  an  ami)-  of  men  must 
have  bei  n  empL  ij  ed  to  manage  these  i  ■ 
which  included  even  illumination  under  cover 
of  the  water  in  the  fountain  themselves. 

The  same  may  be  said  to  be  true  of  the 
interior  lighting  of  the  great  palaces  of  France 
at  the  same  period  and  of  the  palaces  of  Italy 
of  the  Renaissance  where,  in  spite  of  the  lack 
of  electricity,  most  superb  effects  were 
achieved  by  the  use  of  candelabra.  Interior 
lighting,  like  that  of  outdoors,  should  be 
governed  by  considerations  of  design. 

There  is  much  talk  about  cooperation  in 
this  country  and  this  is  certainly  very  desira- 
ble if  good  results  are  to  be  obtained  in  the 
field  of  the  industrial  arts.  It  is  perhaps  more 
important  that  there  should  be  a  better  under- 
standing by  technicians  of  the  others'  point  of 
view  and  their  difficulties,  in  order  that  the  one 
in  charge,  whether  he  be  responsible  primarily 
for  the  practical  end  or  for  the  aesthetic  ph; 
may  have  a  full  understanding  of  the  g< 
situation  surrounding  a  problem  and  work  to 
harmonize  the  various  factors  in  order  that 
there  may  be  fine  results. 

It  is  gratifying  to  know  that  so  much  atten- 
tion is  now  being  paid  to  the  design  of  la 
both  as  to  their  power  and  appearand 
to  their  placing.  The  writer  believes  that 
a  study  of  the  various  able  articles  in  this 
number  will  In-  of  great  profit  to  all  who  are 
interested  in  this  subji 

Edward  H.  Bennett, 

Consulting  Architect  to  Chicago 
Plan  ('ommi>>inii 
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Evolution  in  Street  Lighting 

By  Dr    Eliht  Thomson 
General  Electric  Company 

Probably  no  one  is  better  fitted  than  Elihu  Thomson  to  narrate  the  history  of  street  lighting  because,  among 
his  earlv  inventions  of  devices  by  which  electricity  could  be  generated  on  a  commercial  scale  and  applied  to 
practical  uses,  his  developments  in  street  lighting  equipment  were  instrumental  in  the  rapid  supplanting  of  oil 
and  gas  lamps  by  arc  lamps.      In  his  article,  he  first  describes  the  conditions  which  exi  she  successive 

when  the  fire  brand,  candle,  oil  lamp,  and  gas  lamp  were  in  turn  the  source  of  street  "illumination," 
and  then  reviews  the  various  features  in  the  development  of  the  modern  electrical  system. — Editor. 


Before  the  introduction  of  arc  lamps  for 

street  lighting,  the  illumination  furnished  was 

When  the  moon  was 
shining,  the  long  spaces  between  the  low- 
units  were  very  dark  and  drear.  The 
dark  streets  and  ways  gave  little  encourage- 
ment for  stores  to  remain  open.  How  dif- 
it  is  today,  when  these  stores  them- 
selves contribute  largely  to  the  street  illumi- 
nation. Although  the  City  of  Paris  in  years 
prior  to  1878  had  employed  gas  lights  more 
freely  or  more  lavishly  than  most  other  cities, 
the  illumination  of  the  Avenue  de  l'Opera 
i lure  in  that  year  by  the  now  long  obso- 
lete form  of  arc  light  known  as  the 
"Jablochkoff  Candle"  showed  that  the  effect 
obtained  by  electricity  for  streets  and  large 
spaces  was  so  greatly  superior  that  an  impetus 
was  given  which  led  in  a  few  years  to  a  rapid 
expansion  of  the  use  of  the  open-carbon  arc. 
m  it  so  much  in  the  cities  of  Europe  but  to  a 
far  greater  extent  in  our  own  centers  of 
a  ion. 

The  introduction  of  gas  for  lighting  began 
a  century  ago,  but  even  long  past  the  middle 
of  the  nineteenth  century  it  was  generally 
supplemented  in  the  outlying  districts  of  cities 
by  lamps  burning  some  variety  of  oil,  animal 
or  vegetable,  shielded  from  the  wind  by  the 
well  known  lantern  of  window  glass  in  metal 
framing.  The  gas  lamps  in  general  use  were 
in  similar  lanterns  mounted  on  poles  and 
accessible  as  were  the  oil  lamps  to  the  lamp- 
lighter, who  carried  a  short  ladder  and  who 
turned  on  the  gas  and  lighted  it  with  the  old 
fashioned,  almost  universal  sulphur  match. 
He  began  his  rounds  long  before  dark,  a 
procedure  which  did  not  make  for  economy 
in  gas  consumption  but  which  enabled  him  to 
r  his  beat  before  night.  The  same  was 
true  of  the  oil  lamps  which  were  filled  and 
trimmed  in  the  daytime.  It  is  within  the 
writer's  experience  to  see  lamp  posts  climbed 
and  the  lanterns  opened  so  that  a  light  might 
be  procured  by  a  smoker  who  had  forgotten 
•ry  his  brimstone  matches. 

Curiously,    such    a    system   survives    even 
today  and  on  a  large  scale,  along  the  boule- 


vards around  Boston,  where  \Yclsl>ach-mantle 
naphtha  lamps  are  still  in  use  by  the  hundreds, 
each  requiring  the  application,  for  a  consider- 
able interval  of  time,  of  a  Mow  torch  in  the 
hands  of  the  lamplighter,  who.  to  complete 
his  rounds  at  the  slow  pace,  must  begin 
lighting  lamps  at  high  noon  so  as  to  finish 
at  twilight.  The  consequence  is  that  such 
lamps  may  be  seen  burning  late  in  the 
morning,  to  be  relighted  early  in  the  after- 
noon. In  these  days  of  increasing  price  of 
hydrocarbon  fuels,  the  impression  is  one  of 
entire  disregard  of  conservation  of  natural 
resources. 

The  actual  candle-power  of  the  gas  lamps 
used  for  street  lighting  fifty  years  ago  was  low; 
a  fishtail  burner  giving  about  12  candles  as  a 
maximum  was  in  almost  universal  use.  The 
lamp  posts  were  spaced  at  wTide  distances 
apart,  from  150  to  300  ft.  between  them  being 
very  common  even  in  our  city  streets,  except 
perhaps  in  the  most  central  section. 

The  introduction  of  petroleum  oils  between 
1S60  and  1870  displaced  the  burning  oils  that 
were  before  available  for  lamps.  These  were 
either  animal  or  vegetable  in  origin  exclusively. 
Camphene,  or  burning  fluid  so  called,  a  mix- 
ture of  about  equal  parts  of  grain  alcohol 
and  spirits  of  turpentine,  was  widely  em- 
ployed and  pewter  lamps  fed  with  it  were 
the  usual  means  of  illumination  where  gas 
pipes  were  not  laid;  but  candles  also  w-ere 
consumed  in  large  numbers.  Whale  oil 
(sperm  oil),  palm  oil,  fish  oil,  colza  oil,  lard 
oil,  and  others  were  used  in  lamps.  While 
the  spermaceti  candle  was  a  high-grade 
candle,  ranking  with  wax  itself,  the  tallow  dip 
at  the  lower  end  of  the  scale  was  very  com- 
monly found,  especially  in  the  country  dis- 
tricts where  home-made  candles  furnished  a 
means  of  using  surplus  beef  fat.  The  hard 
stearin  candle  was  a  result  of  the  extraction 
of  glycerine  from  the  fats,  and  stearin  or 
hardened  fats  have  largely  taken  the  place 
of  other  materials  in  candles.  The  demand 
for  glycerine  in  the  arts  as  produced  by  treat- 
ment of  animal  or  vegetable  fats  or  oils  also 
stimulated  the  production  of  stearin. 
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Looking  far  back  to  the  time  befon 
lighting  had  come  into  existence,  a  period  of 
about  a  hundred  years,  we  reach  a  time  when 
street  lamps  were  comparatively  rare,  entire 
reliance  having  had  to  be  placed  on  the  avail- 
able animal  and  vegetable  fats  and  nils.  The 
centuries  before  and  including  the  eighteenl  h 
century  were  not  marked  by  brilliance  oi 
street  illumination.  Rather  they  might  be 
aptly  termed  "dark  ages,"  in  a  physical 
sense.  The  traveler  at  night  wended  his  way 
through  dark  streets  and  alleys,  and  if  pru- 
dent carried  a  lantern.  The  watchman  of  the 
early  years  is  figured  as  one  who  was  a  lantern 
bearer.  These  were  the  days  of  the  curfew 
bell,  which  had  a  very  real  significance  in  the 
life  of  the  people. 

And  before  that,  in  the  dim  past,  the  fire- 
brand and  the  torch  served  the  same  purpose 
as  they  do  even  now  in  the  wilder  and  sparsely 
settled  regions  of  the  world.  In  this  con- 
nection, we  may  recall  the  period  when  the 
"link  boy"  had  a  function  somewhat  similar 
to  that  of  the  caddy  in  the  modern  golf  game. 
He  was  employed  as  a  torch  bearer,  the 
torch  being  called  a  "link,"  and  lighted 
travelers  on  their  way  for  a  moderate  stipend, 
offering  his  services  wherever  they  were  likely 
to  be  in  demand.  One  can  realize  that  street 
and  road  illumination  was  practically  non- 
existent when  such  service  was  used  in  lighting 
the  way  for  horses  and  carriages  on  the  streets 
and  roads. 

While  it  is  most  interesting  to  trace  from 
earliest  times  the  development  of  artificial 
illumination  and  its  relation  to  the  culture 
and  interests  of  past  periods,  there  is  no 
space  here  to  do  this  except  in  the  briefest 
and  most  general  way.  A  book  might  easily 
be  written  dealing  with  the  varied  phases  of 
the  subject. 

Coming  now  to  the  period  of  less  than  fifty 
years  just  past,  which  has  seen  more  progress 
in  street  lighting  than  in  the  thousands  of 
years  which  preceded  it,  it  may  be  said  that 
the  invention  and  development  of  the  dyna- 
mo-electric machine,  now  called  an  electric 
generator,  rendered  possible  the  application 
of  electric  energy  on  a  large  scale  to  the  light- 
ing of  city  streets  and  roads;  for  the  fact  must 
not  be  neglected  that  attempts  had  at  times 
been  made  to  sustain  arc  lamps  by  primary 
batteries  in  open  space  lighting,  but  at  too 
heavy  a  cost.  The  Drummond  lime-light, 
or  calcium  light  of  the  old  days,  was  some- 
times used  for  special  occasions. 

Single  arc  lamps  had  also  been  employed 
for    years   previously    in   a   few   lighthouses. 


Reference  ha    .>'  ■  ,.,,],•  to  the  light- 

ing ■  •!  tin-  Avenue  .1-  I'l  lp<  ra  hi  Pari  in  1878 
and  subsequently.  Lontin  also  had  in  opera- 
tion there  in  1878  at  the  Care  St.  La 
series  circuit  i  .i  six  or  eighl  are  lamps.  But  it 
remained  for  the  United  States  to  show  the 
real  development  on  a  large  scale  of  city  light- 
ing by  the  carbon  are.  The  Brush  series  sys- 
tem, closely  followed  by  the  Thomson-Hou  ton 
and  other  types  from  L879,  soon  worked  an  o 
lution  in  this  field,  and  the  cities  oi  America 
were  n.  .i  slow  in  recognizing  the  merits  oi  the 
arc  light  for  their  streets  ami  stores.  The 
decade  from  1880  to  1890  was  characterized 
by  the  establishment  of  series  arc  lighting 
stations,  mainly  using  the  Brush  and  Thom- 
son-Houston plant,  on  a  grand  scale,  and  the 
aspect  of  our  city  streets  at  night,  from  being 
embodiments  of  gloom,  became  bright  and 
cheery.  At  first  the  open-carbon  arc  with  a 
line  current  of  about  ten  amperes  was  practi- 
cally the  standard,  and  dynamos  capable  of 
running  50  or  75  arcs  on  a  single  circuil 
became  the  usual  equipment. 

The  Thomson-Houston  arc  dynamo  pos- 
sessed certain  characteristics  which  rendered 
it  especially  suited  to  the  operation  of  series 
circuits  of  many  lamps.  At  the  time,  it  was 
known  to  but  few  in  the  art  that  for  sustain- 
ing what  was  called  the  long  or  open  arc.  the 
resistance  of  which  fell  with  increase  of  cur- 
rent, the  generator  itself  must  possess  stability 
characteristics  whereby  an  increase  of  the 
current  above  normal  was  not  followed  by 
a  voltage  increase,  even  though  the  field  coils 
were  in  series  with  the  line,  but  rather  that 
a  fall  of  potential  should  ensue  when  the 
current  tended  to  go  beyond  the  normal 
value.  This  characteristic  was  absent  in 
some  of  the  early  machines  attempted  to  be 
employed  for  arc  lighting,  and  consequently 
they  could  be  used  only  with  arcs  whose 
electrodes  were  slightly  separated,  and  with 
the  lamp  voltage  so  low  as  to  require  a  current 
of  about  20  amp.  instead  of  10,  and  the  line 
drop  with  a  given  size  of  conductor  was 
quadrupled.  The  Brush  system,  however, 
had  the  correct  regulating  characteristics  and 
used  the  long  or  open  arc.  One  feature  of  the 
Thomson-Houston  arc  system,  which  was 
of  the  greatest  value,  was  its  automat  it- 
regulation,  maintaining  the  same  current 
value  on  the  line  irrespective  of  the  number 
of  lights  in  use,  from  short  circuit  to  full 
capacity.  This  feature  also  adapted  the 
apparatus  to  be  used  with  poor  or  irregular 
engine  power.  In  those  early  days,  the  speed 
regulation  of  available  engines  was  often  very 


688     August,  1921 


GENERAL  ELECTRIC   REVIEW 


Vol    XXIV    No  s 


tlator,     demi 
tion,  made  up  foi  The 

arc  lamps  of  the  Thomson-Houston  s 

a1  the  Lynn 
Works,  were  also  character! 
that  the  separation  of  the  carbons  a1  the  arc 
was  determined  solely  by  the  voltage  across 
the  arc.  and  was  not  dependenl  on  the  current 
value.  This  was  indeed  a  valuable  feature. 
for  in  ease  of  a  leaky  line  redu  urrent 

passing  through  some  of  the  lamps,  the  arc 
separation  was  maintained;  while  in  those 
m  which  the  separation  of  the  car- 
lions  was  dependent  on  the  current  value 
in  the  circuit,  a  leaky  line  was  fatal  to  the 
uniformity  or  even  regular  operation  of  the 
lamps. 

The  Thomson-Houston  dynamo  was  unique 
in  embodying  in  its  armature  winding  the 
xample  of  a  three-phase  winding  of 
the  "Y"  type,  whose  terminals  for  direct 
current  were  connected  to  a  commutator  of 
only  three  well  insulated  segments.  With 
the  air  blast  mechanism  to  insert  cold  air  at 
the  slots  in  the  commutator,  a  single  com- 
mutator could  operate  75  arc  lamps  in  series, 
demanding  a  voltage  across  the  commutator 
of  nearly  11 II III  volts.  At  the  Inventions 
Exhibition  in  London  in  1885,  where  the 
Thomson-Houston  plant  was  first  operated 
abroad,  the  electricians  of  the  time  on  seeing 
the  dynamo  connections  declared:  "It  can't 
work,  but  it  does." 

Before  1890,  the  arc  lamp  expansion  in 
street  lighting  became  very  great,  and  numer- 
ous large  stations  employing  either  the 
Brush  or  Thomson-Houston  system  were  in 
operation  in  the  large  cities  of  the  United 
States.  The  consumption  of  carbons  in  arc 
lamps  was  enormous,  and  their  cost  had 
been  reduced  to  less  than  a  quarter  of  the  cost 
in  the  early  years.  Those  were  the  davs. 
too.  when  there  was  little  restriction  in  the 
running  of  overhead  wires,  and  one  who 
remembers  that  time  will  recall  the  vast 
network  over  the  roofs  of  buildings  in  cities  of 
dead  and  live  wires,  for  telegraph,  telephone, 


fire    alarm,    and    electric    ligh  :    now 

happily  a  thing  of  the  past. 

e  from  the  early  standards 
was     I  ,on.     in     Thomson-Houston 

practice,  of  the  line  current  to  6.8  amp.  and 
lOnding  increase  in   the  number  of 
lamps    sustained    by   a   given    energy.      The 
decade    subsequent    to    L890    brought 

!  :  ed-arc   lamp   in   many 

instances  replaced  the  open  arc.  giving  a 
•  life  of  the  carbon  electrodes  without 
retrimming,  owing  to  the  restriction  of  air  and 
lessened  carbon  waste,  but  this  apparent  gain 
was  obtained  at  a  considerable  loss  of  effi- 
ciency of  light  production.  Especially  was 
this  the  case,  as  the  writer  pointed  out  at  the 
time,  in  that  form  of  encloscd-arc  lam])  in 
which  the  current  supplied  was  alternating. 
The  efficiency  of  light  production  fell  so  low 
that  it  was  hardly  equal  to  that  of  the  1 
forms  of  carbon-filament  incandesccnts.  But 
the  color  of  light  was  white;  it  was  an  arc 
lamp  with  similar  characteristics,  but  a  failure 
as  a  real  light  source. 

The  development  of  the  flame  arc.  and 
metallic  arcs,  in  which  the  light  instead  of 
being  emitted  as  in  the  former  carbon  arcs, 
mainly  from  the  highly  heated  surfaces  of 
the  carbon  electrodes,  came  almost  wholly 
from  the  arc  flame  itself  (such  flame  contain- 
ing light  radiating  particles  and  vapors) 
restored  the  arc  lamp  to  its  former  position 
as  the  most  efficient  light  source,  and  the  long 
burning  character  given  to  the  electrodes 
reduced  to  a  minimum  the  attention  required 
and  the  labor  of  retrimming.  The  rivalry 
between  the  incandescent  lamp  and  the  arc 
lamp  has  become  naturally  more  keen  since 
the  former  has  been  so  greatly  raised  in  effi- 
ciency by  the  use  of  the  tungsten  close- 
filament  in  an  atmosphere  of  inert  gas;  the 
gas-filled  or  half-watt  lamp. 

Will  the  incandescent  type  finally  win  out' 
To  answer  this  we  shall  have  to  reckon  with 
further  arc  developments  and  especially  with 
possible  improvements  in  electrodes  for  use 
in  existing  lamps. 
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The  Principles  of  Street  Lighting 

By  Dr.  Louis  I'.i  ll 
Consi  i  us..  Enginei  k,  Boston,  M  vss, 

In  order  to  avoid  confusion  in  setting  forth  the  principles   which  govern  the  design  and  layout  o( 

bghtmg  systems    Dr   Bell  first  divides  installations  tl 

public  congregates  and  traffic  is  conge  ted;  the  second,  thoroughfar,      which 
third,  residential  streets  and  highways  where  traffi, 
these  he  names  the  amount  and  other  requirement  ;  of  th 
desired  effects,  and  points  out  the  fundamental  faults  i  hat  have  bi 


Street  lighting  had  its  origin  more  than  two 
hundred  and  fifty  years  ago  in  the  need  of 
better  precautions  for  public  safety  in  large 
cities,  Paris  taking  the  initiative.  Primarily 
it  was  and  still  remains  a  police  measure.  It 
is  only  within  comparatively  recent  years 
that  its  function  has  been  broadened  into  the 
lighting  of  streets  as  a  matter  of  convenience 
for  passers-by  and  of  safety  for  those  who 
drive  along  the  streets. .  The  automobile, 
which  implies  fast  and  sometimes  dense  traffic 
at  night,  has  brought  with  it  new  necessities, 
chiefly  in  the  extension  of  street  lighting  along 
roads  which  previously  required  no  light  at 
all,  since  now  the  public  scatters  itself  much 
more  widely  than  it  did  twenty  vears  ago. 
Broadly,  street  lighting  separates  itself  into 
three  somewhat  distinct  parts  as  modern 
practice  has  developed. 

The  first  comprises  the  lighting  of  public 
places  and  chief  streets,  in  which  to  the  ordi- 
nary requirement  of  safety  and  convenience 
is  added  something  on  the  score  of  display. 
In  these  cases  more  than  necessity  or  con- 
venience is  taken  into  account,  with  a  corre- 
sponding increase  in  the  amount  and  often 
in  the  kind  of  light. 

Second,  comes  what  one  may  consider  as 
normal  street  lighting,  the  illumination  of 
thoroughfares  carrying  an  important  amount 
of  traffic,  and  demanding  also  some  special 
efforts  in  the  way  of  police  protection. 

Finally,  one  has  to  deal  with  residential 
and  other  streets  where  the  traffic  at  night  is 
small  and  where  police  requirements  are  not 
severe.  Such  lighting  ranges  all  the  way  from 
an  intensity  and  distribution  approximating 
that  desirable  for  important  streets  to  the 
mere  marking  of  the  way  in  suburban  or  even 
rural  roads.  Let  us  sec  now  what  these 
several  classes  of  public  lighting  imply  in  the 
way  of  illuminants,  and  wherein  street  light- 
ing practice  has  to  differ  from  anything  else 
in  the  art  of  illumination. 

With  respect  to  intensity,  display  lighting 
applied  to  public  squares  and  chief  streets  re- 
quires something  more  than  the  mere  ability  to 


e'    wa    aboul      li  implies  the  provision 
of  illumination  sufficiently  good  to  enable  the 
normal  eye   to  see  fairly   well,    to 
persons  easily,  to  read  addresses  with  fai 
and  t.i  gel  aboul  without  any  conscious  i 
at  seeing.     To  accomplish  tin    end  thi    inti  n- 
sity  ot"  illumination  musl    be   pushed   much 
fart  her  t  han  lias  in  the  past    been  o  mmon 
practice.     In  the  earlier  days  of  street    lidd- 
ing it  was  usual   to  put   an  are  livid    a 
street  intersection,  be  the  distances  more  or 
less.    When  the  blocks  were  short,  not  over  a 
couple  of  hundred  feet,  and  the  arcs  were  of 
the    highest    power    in    commercial    use    i  la- 
result  was  quite  good;  but  where  the  blocks 
spanned  out  to  200  yards  or  more  and  petty 
economy  indulged  in  the  use  of  "half  ares" 
the  result   was  exceedingly  bad. 

Even  with  the  spacing  and  illuminants 
first  mentioned  the  intensity  averaged  rather 
low,  considerably  too  low  midway  between 
lamps,  since  the  earlier  arcs  throw  their  max- 
imum light  at  a  distance  from  the  base  of  the 
pole  little  greater  than  its  height.  With  the 
introduction  of  the  magnetite  arc.  in  which 
the  arc  stream  itself  is  the  source  of  light  and 
the  maximum  intensity  is  thrown  near  the 
horizontal,  a  great  deal  more  even  and  satis- 
factory illumination  was  obtainable;  but  the 
temptation  has  always  been  toward  spanning 
out  the  arcs  too  widely. 

To  serve  the  purpose  of  tin1  highesl  grade 
of  illumination  here  described,  the  eye  musl 
receive  enough  light  to  get  beyond  the  stage 
of  "twilight  vision"  which  merely  enables 
the  eye  to  discriminate  light  and  dark  masses 
or  very  coarse  details.  In  practice  the  plane 
of  illumination  should  be  carried  somewhal 
near  1  10  foot-candle,  ranging  perhaps  from 
half  this  amount  at  the  darkest  spots  to  at 
least  double  near  the  lamps.  In  fad  the  mo  I 
important  streets  and  public  places  oughl  to 
have  an  average  of  a  good  quarter  of  a  foot- 
candle,  giving  light  enough  to  read  addresses 
or  consult  a  notebook.  Such  is  the  lighting 
which  ought  to  be  furnished  in  places  out- 
of-doors  where   the   public   gathers   at     night, 
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and  in  strei  •    the  nocturnal  traffic  is 

dense  or  the  requirements  for  policing  i 
tionally  severe. 

It  is  easy  enough  to  gel  this  required 
amount  of  light  in  divers  ways.  It  could 
actually  be  furnished  by  comparatively  small 
incandescent  lamps  closely  placed.  One 
can  in  this  way  carry  the  nominal  plane  of 
illumination  up  to  the  required  point,  hut  the 
effect  is  rather  singular  and  not  altogether 
satisfactory.  The  writer  remembers  seeing 
a  striking  example  of  fairly  high  illumination 
derived  from  small  sources  in  Buda-Pest  some 
years  ago,  where  the  gas  works  paid  a  certain 
eir  gas  as  a  species  of  fran- 
chise tax  and  the  City  overworked  this 
arrangement  by  spacing  Welsbach  burners 
er  a  surprisingly  large  extent 
of  the  important  streets  and  some  of  the  un- 
impOTl  ".tones.  The  actual  light  in  the  streets 
was  exceptionally  great,  but  the  small  units 
closely  spaced  failed  utterly  to  give  an  effect 
Of  high  illumination  although  their  number 
was  most  impressive. 

I  >ne  perhaps  can  get  an  idea  of  the  reason 
by  thinking  of  a  main  street  as  a  great  corri- 
d<  >r  with  a  dark  ceiling  of  the  night  sky/,  moder- 
ately bright  walls  composed  of  the  facades  of 
buildings,  and  a  fairly  light  floor.  In  order 
to  obtain  the  maximum  usefulness  from  light 
sources  located  in  such  surroundings  it  is 
clear  that,  while  most  of  the  light  should  be 
cut  off  from  a  vain  attempt  to  illuminate  the 
sky,  brilliancy  of  result  requires  a  liberal 
lighting  of  the  sides  of  the  corridor,  as  well 
as  efficient  illumination  of  its  floor  for  the 
sake  of  diminishing  the  risks  of  traffic.  In 
other  words  in  a  situation  of  this  kind,  and  in 
a  public  square  as  well,  light  thrown  laterally 
is  far  from  wasted.  Small  sources  placed  low 
with  the  necessary-  reflectors  over  them  to 
keep  light  from  being  wasted  skywards  do 
not  satisfactorily  illuminate  the  facades  of 
buildings,  however  effective  they  may  be  on 
the  street. 

It  is  in  places  of  such  sort  that  powerful  arcs 
placed  fairly  high  and  spaced  at  a  distance 
not  over  four  or  five  times  their  height  are 
particularly  effective.  Large  incandescent 
lamps  if  treated  in  a  similar  way  produce 
much  the  same  effect,  save  for  a  difference  in 
color  which  is  more  or  less  a  matter  of  taste. 
But  the  arc  in  this  kind  of  illumination  finds 
its  strongest  claim  for  the  survival  of  the  fit- 
test. Pushed  to  the  limit  one  gets  the  white- 
way  lighting,  which  in  its  early  days  was 
much  abused  but  now  has  come  to  a  better 
sense  of  proportionate  values.     The  low  posts 


in  some  of  the  earlier  installations  of 
this  kind  were  simply  a  con.  i  petty 
and  pound-foolish  economy.  The  lamps 
should  be  carried  ht  of  18  to  20  ft. 
or  even  more.  Ornamental  units  do  a  sin- 
gularly   \ 1    job   in   this   particular  kind  of 

The  gnat  hulk  of  street  lighting  however 
falls  into  another  category.  The  intensity 
required  is  determined  by  convenience  in 
getting  about  with  moderate  traffic.  The 
streets  are  mainly  lined  with  residences  rather 
than  shops  or  public  buildings,  are  often 
bordered  with  trees,  and  in  no  way  demand 
high  intensities.  Not  far  below  the  inten- 
sities just  noted  as  proper  for  chief  streets, 
one  falls  into  a  region  where  vision  fails  of 
detail  while  fully  retaining  power  to  see  ob- 
stacles, note  moving  objects,  at  least  as  sil- 
houettes, keep  track  of  the  curbings,  and  in 
general  see  the  surroundings  as  a  whole  while 
without  being  able  to  distinguish  minutiae 
unless  immediately  under  the  lights.  The 
illumination  must  be  sufficient  in  a  general 
way  for  policing  the  street  properly,  enough 
to  enable  an  officer  to  see  predatory  prowlers 
in  places  where  they  have  no  excuse  for  being. 
The  situation  does  not  require  close  discrimi- 
nation of  any  kind. 

The  general  plane  of  illumination  should  be 
comparable  with  that  of  bright  moonlight, 
ranging  say  from  1/20  foot-candle  down  to  a 
half  or  a  third  this  amount.  Full  moonlight 
in  our  latitude  is  somewhere  around  1  50  oi 
a  foot-candle,  but  has  the  advantage  of  being 
extremely  well  spread  over  the  area  to  be 
lighted,  thereby7  presenting  no  dark  intervals 
between  light  sources.  The  main  practical 
difficulty  in  this  class  of  work  is  not  in  getting 
enough  light,  which  can  readily  be  obtained 
from  incandescent  lamps,  but  in  getting  the 
light  where  it  will  do  the  most  good.  Trees 
are  here  a  constant  difficulty,  but  it  is  a  field 
where  the  larger  incandescent  lamps,  100  to 
500  watts,  find  particular  usefulness. 

As  the  sides  of  the  corridor  in  this  case  are 
usually  relatively  dark,  there  is  no  particular 
advantage  to  be  gained  in  attempting  to 
illuminate  them,  save  at  a  comparatively  low 
level  in  order  that  the  householder  may  see 
his  own  door  steps.  It  is  therefore  permis- 
sible to  bring  the  lights  considerably  lower, 
to  cut  off  the  light  above  quite  completely, 
and  to  use  units  hung  merely  as  high  as  trees 
permit.  Fixtures  and  glassware  adapted  to 
throw  the  light  up  and  down  the  streets 
rather  than  laterally  often  find  a  useful  place 
in  this  more  general  phase  of  street  lighting. 
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Beware,  however,  of  trying  to  economize  by 
spacing  lamps  too  widely,  because  where 
trees  line  a  street  the  shadow  effects  get  pro- 
gressively worse  as  the  sources  are  spanned 
out  and  it  becomes  necessary  to  keep  this 
feature  in  mind  in  planning  tht  size  as  well  as 
the  spacing  of  lamps. 

Finally  one  comes  to  the  minimum  stage 
of  lighting  which  is  of  no  inconsiderable  value 
although  the  intensities  required  mav  be  very 
slight  as  a  mere  matter  of  photometry.  The 
spaces  now  to  be  dealt  with  are  outlying  streets, 
perhaps  stretching  far  into  the  country  or 
becoming  thoroughfares  between  towns.  Au- 
tomobiles carry  their  own  lights  with  them, 
but  these  are  rarely  powerful  enough  to  per- 
mit close  discrimination  of  objects  on  the  road 
when  the  car  is  fast  driven.  A  few  states  have 
made  definite  efforts  to  compel  the  carrying 
of  headlights  capable  of  proper  illumination 
of  the  roadway  without  interfering  by  their 
glare  with  the  vision  of  other  drivers.  But 
there  is  no  doubt  whatever  that  a  road  prop- 
erly marked  even  by  small  lamps  is  a  great 
deal  safer  for  traffic  than  one  marked  not  at 
all.  Anybody  who  has  ever  been  caught  out 
in  a  car  at  night  with  the  lighting  system 
gone  bad  realizes  how  much  an  occasional 
lamp  is  an  aid  in  this  time  of  trouble. 

This  kind  of  illumination  is  the  special 
place  for  the  smaller  incandescent  lamps, 
from  40  to  100  watts,  and  their  spacing  should 
be  not  in  accordance  with  a  set  specification 


ould  be  adjusted  to  the  m 
n>ad.    It  is  futile  i"  .-Hi'  mp1  to    et  a  particu 
lar  amounl   of  illumination  suital  i 
task  even   in   thi 

city.      It    may   approximate   ordinary 
lighting,  but  in  the  long  run  it  is  quiti   i 
the   question   to  furnish  enough  energ 
this   liberal    kind   of   treatmenl     whili     it    is 
entirely    feasible    to    place    lamps     0    that    by 
following  them  one  can  always  keep  safely 
within  the  roadway.     Hence  on  curves  it  is 
good  judgmenl  to  spai  e  the  lamp    wi1 1 
requirement   in  mind,   while  on   tangents  the 
distances  may  be  largely  increa  ed 

There  are  many  miles  of  very  decently 
lighted  country  roads  where  the  principles 
here  set  forth  have  been  borne  in  mind.  The 
common  tendency  however  is  Toward  a  spac- 
ing of  lamps  on  every  fourth  or  fifth  pole 
irrespective  of  the  character  of  the  road, 
perfectly  good  lighting  to  be  sure  but  less 
economical  and  efficient  than  if  the  spacing 
were  varied  to  accord  with  the  situation. 
In  this  scattered  lighting,  too,  there  is  advan- 
tage in  using  fixtures  that  throw  the  light 
along  the  road  rather  than  laterally,  but  the 
gain  is  less  than  in  the  lighting  of  more  im- 
portant streets  since  the  small  lamp  is  really 
rather  a  marker  than  an  illuminant  and  the 
corridor  to  which  it  corresponds  has  the 
blackness  of  night  on  the  sides  and  ceiling, 
and  very  commonly  the  blackness  of  asphalt 
as  its  floor. 


Panel  Illustrating  an  Early  Type  of  Street  Lighting,  reproduced  from  "The  Lights  of  Paris," 
by  Isabel  Smithson,  published  about  35  years  ago 
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Intensive  or  Super  White-way  Lighting 

By  W.  D'Arcy  Ryan 
Direi  roR,  li  i  i  mina iim.  Engineering  Laboratory,  Generai    Elei  i  km   Company 

Although  the  first  installation  of  intensive  or  super  white-way  struct  lighting  was  made  less  than  five  years 
proved  itself  so  attractive  from  the  architectural,  business-building,  and  protective  stand- 
points that  it  lias  already  been  adopted  by  a  number  of  other  cities  and  the  idea  is  spreading  rapidly.     Mr. 
\V.  D'A.  Ryan,  who  lias  always  been  an  anient  advocate  of  better  lighted  streets,  presents  in  this  article  salient 
information  as  to  the  super  white-way  system  and  summarizes  brieflj    the  facts  concerning  the  installations 

K. 


Ornamental  electric  lighting  on  business 
had  its  inception  in  1906  on  Broadway, 
Los  Angeles,  in  the  form  of  a  cluster  globe 
system.  The  illumination  from  these  original 
carbon  lamps  differed  greatly  both  in  inten- 
sity and  quality  from  our  modern  conception 
of  a  white-way.  Similar  systems  were  in- 
stalled at  St.  Paul,  Minneapolis,  and  many 
other  cities.  During  the  next  ten  years 
remarkable  progress  was  made  and  the  white- 
way  idea  spread  to  practically  every  city  and 
town  of  importance  in  the  country.  Cluster 
standards  were  largely  superseded  by  single 
units  using  high-power  incandescent  and 
luminous  arc  lamps.  The  most  notable  of 
these  installations  was  at  New  Haven,  Conn., 
in  1910,  when  for  the  first  time  the  luminous 
are  was  used  in  its  ornamental  form. 

October,  L916,  marks  the  inauguration  of  a 
new  epoch  in  street  lighting,  the  intensive 
or  super  white-way.  The  Exposition  in  1915 
stimulated  an  interest  in  "Light"  that  bore 
fruit  first  in  the  intensive  illumination  of 
Market  Street  and  then  finally  spread  to 
include  the  entire  retail  business  section  of 
San  Francisco. 

The  purpose  of  this  article  is  to  define 
briefly  what  constitutes  an  intensive  white- 
way  and  to  report  the  status  of  the  movement 
to  date. 

Such  lighting  is  made  possible  by  standards 
eighteen  or  more  feet  in  height,  carrying  two, 
or  more  high-power  luminous  arc  or 
incandescent  fixtures.  It  differs  from  the 
ordinary  white-way  lighting  in  the  following 
respect  :  greatly  increased  illumination,  rela- 
tively high  lamp  standards,  initial  installation 
costs  ranging  from  $4.00  to  $S.OO  per  foot 
frontage  in  place  of  approximately  $1.00  to 
$2  00;  and  maintenance  costs  proportionately- 
higher. 

Intensive  white-way  lighting  might  be 
regarded  as  general  floodlighting;  advantage 
being  taken  of  the  natural  decorative  feature 
unit  itself  as  contrasted  against  ordi- 
nary floodlighting  where  the  light  is  concealed 
in  a  uni-directional  floodlight  housing.     For 


the  most  part  the  expense  of  installation  and 
operation   of  such   systems  is  borne  by  the 
rty     owners     and     merchants     directly 
'ed.      The    especially    prominent    fea- 
tures of  this  type  of  lighting  are: 

i  1  i  The  cosmopolitan  atmosphere  and 
dignified  aesthetic  effects  of  the  standards  by 
day  as  well  as  by  night. 

2  i  The  minimized  window  reflections  on 
account  of  the  height  of  the  lamps. 

(3)  The  intensity  of  the  illumination  and 
the  uniformity  of  distribution  on  the  street 
and  building  facades,  with  emphasis  on  the 
corners  in  both  the  light  and  the  design  of  the 
standards. 

I  The  readiness  with  which  features  of 
people  in  the  street  can  lie  distinguished,  par- 
ticularly in  automobiles  with  the  tops  up. 

5 1  The  illumination  of  the  building 
facades  and  sharpness  of  the  cornice  lines 
against  the  sky. 

(6)  The  increased  intensity  as  compared 
with  the  lighting  of  intersecting  streets, 
clearly  marking  the  main  thoroughfare. 

Powerful  light  sources  giving  a  live  white 
light  at  a  good  operating  economy  are  required 
for  such  intensive  lighting.  The  6.6-amp. 
luminous  arc  and  the  1000,  1500,  and  2500- 
c.p.  Mazda  lamps  are  commercially  available 
for  this  purpose.  While  most  of  the  initial 
installations  have  been  with  the  luminous  arc, 
tlte  latest  intensive  system  was  made  in  Sara- 
toga Springs  with  Mazda  lamps.  Experi- 
ments arc  now  being  conducted  to  perfect 
glassware  which  when  used  with  the  incandes- 
cent lamp  will  tend  to  impart  to  the  source 
a  certain  desirable  lively  sparkle  that  here- 
tofore could  be  obtained  only  with  the  arc. 

Statistics  on  the  intensive  or  super  white- 
ways  that  have  been  installed  up  to  date  are 
given  in  the  following.  At  first  glance  one 
may  lie  impressed  with  the  relatively  high 
installation  and  maintenance  costs  and  the 
scheme  as  a  whole  might  be  thought  of  as 
"extravagant."  It  should  be  remembered 
however  that  nothing  is  extravagant  that  is 
profitable,  and  the  benefits  and  advantages, 
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financial  and  otherwise,  of  the  ii 
super  white-way  have  been  den 
beyond  contention. 

Market  Street,  San  Francisco 

This  system  consisting  of   L37  trolley  pole 
standards,     each     carrying     three     6.6 
ornamental  luminous  are  lamps,  was  lighted 
Oct.  4,  1916.    The  standards  are  32  II    overall 
and   are   placed    opposite    at     approxin 


Triangle  Lighting,  San  Francisco 

All    other    retail    businei  •    San 

Francisco's  downtown  disti  ict  wen 

'.    1919,  by  25-ft.  two 

imatel}    $85,000  and  is  thi    pro] 
Pacific  Gas  and   Electric  Co      I  h 

and  ten  lamps  are  burned  all  nighl  and  are 


Fig.  1.      Broadway,  Los  Angeles.  Cal.,  In 


ely  Lighted  by  6.6 -amp.  Lun 


1 10-ft.  intervals.  The  system  cost  about 
$100,000,  and  was  paid  for  and  installed  by 
the  Pacific  Gas  and  Electric  Co.  The  trolley 
poles  and  ornamental  bases  are  the  property 
of  the  United  Railways,  which  also  contribute 
to  the  Downtown  Association  fund  for  the 
maintenance  of  the  two  side  lights  which  are 
burned  until  midnight.  The  center  lamp 
operates  all  night  at  the  City's  expense.  The 
total  operating  cost  per  year  is  $43  963 


paid  for  by  the  City.  One  hundred  and 
sixty-eight  midnight  lamps  are  maintained 
by  the  property  owners  and  merchants 
through  the  Downtown  As  01  iation 

Main  Street,  Salt  Lake  City 

Although  the  original  work  on  intensive 
lighting  was  done  on  Market  Street,  San 
Francisco,  the  fitrsl  installation  to  be  offi- 
cially lighted  was  on  Main  Street.  Salt   Lake 
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Fig.  2.     State  Street,' Lcoking  South.  Chicago.  111.,  Lighted  by  Novalux  Stippled  Glass  Globe  Units  Containing  1000-watt 

Multiple  Mazda  C  Limps  ' 


Fig.  3.     Market  Street,  San  Francisco,  Cal.     Carnival  Inaugurating  the  "Path  of  Gold"  Lighting 
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Fig.  4.      Illustration  of  Lighting  Effect  on  Randolph  Street,  Chicago,  111.    by  Ornamental  Luminous  Arc  Lamps 
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City,  "ii  September  30,  1916.     It  consi 
70  three-light  luminous  arc  lamp  standards. 
im  Ian  Is  arc  29  ft.  overall  and  an-  spaced 
100-ft.   intervals.     The  cost   ex- 
clusive of  the  sub  uipment,  which  is 
iroperty  of  the  Utah   Power  and  Light 
was  about  $32,000  and  was  borne  for 
the  most  part  by  the  property  owners.     The 
operation  cost  is  approximately   - 


i  a  small  amount  contributed  by  the 
City,  the  remainder  of  the  installation  expense 
and  the  yearly  maintenance  will  be  borne  by 
the  property  owners. 

Broadway,  Los  Angeles 

This  installation  consisting  of  134  two-light 
6  6-amp.  luminous  arc  standards.  27  ft.  in 
height,  was  lighted  January  17,  1920.  Sixty- 
seven  lamps  burn  all  night  and  two  hundred 


Main  Street.  Salt  Lake  City,  Utah,  Lighted  by  Ornamental  Lu 


State  Street  and  Broadway,  Salt  Lake  City 

The  new  street  lighting  on  State  Street  and 
Broadway  will  be  virtually  an  extension  of 
the  Main  Street  system.  There  will  be  336 
6.6-amp.  ornamental  luminous  arc  lamps  used. 
The  standard  will  envelop  the  present  trolley 
pole  and  carry  two  lamps  below  and  one 
above  the  trolley  wire.  The  total  cost  of 
this  new  installation  will  be  approximately 
$100,000.  The  Utah  Power  and  Light  Co. 
will  pay  for  the  substation  equipment  and  the 
feeders  to  the  street  circuits.    With  the  excep- 


and  one  are  extinguished  at  midnight.  The 
average  spacing  is  106  ft.  and  opposite  A 
total  installation  cost  of  $85,000  and  a  yearly 
maintenance  of  $13,700  are  assessed  against 
abutting  property.  The  Bureau  of  Electric- 
ity of  the  City  of  Los  Angeles  supplies  power 
and  maintains  the  system. 

South  State  Street,  Chicago 

The  lighting  on  South  State  Street,  Chicago, 
is  representative  of  the  comparatively  suc- 
cessful results  which  may   be  secured  at  a 
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relatively    small    installation    expi 

ultiple  lam  ;.    L900 

in    trolley  xtures    are 

ill  <>n  each  side  of  the 

ign   of  standard 
and   fixture  equipment,   as   in   th 
examples,  is  of  course  much  to  be  preferred. 


Fig.  9.      Part  Sectional  Drawing  of  the  Duoflux 
Lighting  Unit  Used  in  the  Lighting  Installa- 
tion at  Saratoga,  N.  Y. 

Broadway,  Saratoga  Springs,  N.  Y. 

This  system  was  lighted  June  1<).  Hi20. 
Nearly  a  mile  of  street  is  illuminated  by  7n 
standards.  Each  standard  has  two  Duoflux 
units   and   each   unit   contains  one    100I 


and  one  250-c.p.  series  Mazda  lamp.     Besides 
being  of  a  exceptionally   pi 

n,    this    fixture    possesses   a    distinctive 
utilitarian  feature      The  large  lamp  ii 

is  extinguished   at    midnight   and    the 
smaller   one    is    lighted.      This   arrangi 
permits  the  use  of  reduced  illumination  after 


Fig.  10.      Sectional  Plan  Through  the 

Casing  of  the  Unit  Shown 

in  Fig.  9 

midnight,  without  a  duplication  of  lighting 
circuits.  The  Saratoga  installation  cost 
about  $32,000  and  was  installed  and  is  owned 
by  the  Adirondack  Electric  Power  Corpora- 
tion. The  city  pays  the  entire  maintenance 
cost  of  $10,500  yearly. 


<£- 


^ 


^>4 


www 

Fig.  11.      Wiring  Diagram  of  the  Duoflux  Unit 
Shown  in  Fig.  9 

Randolph  Street,  Chicago 

In  accordance  with  proposed  plans,  the 
present  trolley  poles  on  Randolph  Street  will 
he  utilized  as  lighting  standards.  There  are 
to  be  two  6.6-amp.  luminous  arcs  on  each 
standard.  Eventually  it  is  proposed  t 
tend  this  system  throughout  the  Loop  District. 


Architectural  Aspects  of  Street  Lighting 

By  J.  Wo i  I  ii  isling 

Illuminating  Engineering  Laboratory,  Gi  ctrk   Company 

This  article  pos  -  tinction  oi  1-  i i,    thai  linli  :  the  a 

of  the  engineer.     In  doing  so,  it  treats  oi  the  architi  ctural  principl 

strictly  utilitarian  lighting  equipment  to  harmonize  with  tin-  environment  of  i  I 

tions  show  some  of  the  ornamental  lighting  standards  thai  have 

graphs  of  installations,  it  should  lie  borne  in  mind  thai  i  he  requin   : 

objects  which  were  stationary.     The  imagination  must  be  broughl  into  plaj  to  plai 

Strolling  window  shoppers,  crowds  on  their  way  1..  the  mo\ 

errands,  bustling  jitneys,  clanging  trolley  cai   .  through  the 

street  or  it  will  be  a  dead  thing  with  no  use  for  light.— Editor. 

The  consideration  of  the  relation  of  archi- 
tecture to  the  illumination  of  streets  lias 
undoubtedly  been  slighted  by  those  respon- 
sible for  the  installation  of  the  lighting 
systems  installed  in  some  of  our  cities.  The 
street  may  well  lie  considered  as  a  unit  to  1"' 
studied  and  developed  the  same  as  each  of 
the  buildings  which  face  it  and  taken  together 
make  up  its  character.  Very  decided  factors 
in  the  forming  of  the  character  of  the  street 
are  the  methods  and  means  of.  lighting 
employed.  All  municipalities  must  maintain 
some  sort  of  lighting  system  and  each  has  to 
meet  its  severely  practical  needs  before 
considering  the  aesthetic.  When  the  engi- 
neering requirements  are  met  by  an  archi- 
tectural treatment  of  the  visible  parts  of  He 
system  in  such  manner  that  they  do  not  mar 
but  add  to  whatever  existing  excellence  thi 
thoroughfare  may  possess,  the  accomplish- 
ment is  something  more  than  merely  fulfilling 
a  civic  necessity;  it  is  a  definite,  gam  toward 
the  creation  of  the  city  beautiful. 

Everv  municipality  contains  a  certain 
element  which  has  in  mind  the  beautifying 
of  its  streets,  parks  and  buildings,  and  many 
have  crystallized  this  desire  on  the  part  of  its 
citizens  into  organizations  for  civic  improve- 
ment and  into  various  forms  of  commissions 
for  city  planning  or  societies  and  boards  for 
the  control  of  municipal  art.  A  few  have 
made  definite  strides  toward  the  aesthetic 
consideration  of  our  subject  and  have  viewed 
it  with  the  eyes  of  experienced  architects. 

After  many  conferences  with  leading  archi- 
tects on  the  subject  of  the  decorative  design  of 
street  lighting  apparatus,  in  efforts  to  solve 
definite  problems,  it  apparently  develops  that 
we  have  a  condition  in  the  decorative  treat- 
ment of  streets  wherein  the  lighting  stand- 
ards play  an  important  role,  which  must  be 
fulfilled  by  applying  the  principles  of  design 
and  proportion  without  the  customarv  refer- 
ence to  precedent  so  generally  imperati 
the  creation  of  things  having  a  decided  archi- 
tectural aspect. 

The   extremely   high    intensity    of    pn 
day  street  illuminants.  which  has  come  with 


such    rapid   development,   is  responsible   for 

this  condition.      In   the   la  t    hundred 

countless  lamp 

most    of    them    have    been    plao 

'     with  utter  disregard  to  their  :. 
effect    on   the  appi 
whole     Before  the  <la\    oi  general 
our  streets  with  ,  diffi- 

culty   experienced    with    thi  An 

occasional  brackel  on  a  building,  a  lamp  hung 
o\  er  a  streel  1>\  cords  or  «  lr, 
standards   either   singlj    or   in    groups   near 
importanl  structures,  were  all  that  had  to  be 
considered. 

Ten  or  fifteen  years  ago  it  was  necessary 
to  place  a  great  many  posts  on  thi  streel  to 
obtain  what  was  called  a  White  Way,  and 
those  posts  were  generally  crowned  with  a  col- 
lection of  round  glass  globes  which  gave  a  woe- 
fully cluttered  eiieei  although  it  i  ao1  to  lie 
doubted  that  some  of  these    ame  units 

look  very  well  when  used  in  suitable  p 
When    the   old   gas   posts    wen-    utilized 
electricity    they    carried    lamps    of    such    low 
intensity   that   their  number  could   no- 
well    lie    reduced,    but    these    were    small    and 
seldom  close  enough  togethei    to  gi   t    much 
annoyance.       Furthermore,    they    were    not 
placed  with  any  idea  of  illuminating  the  street 
as  we  think  of  it  today,  bu1  were  men   markers 
indicating  the  curb  lines  and  when  compared 
with   present    day    street    lighting   were    little 
more  than  guides,  like  lighthousi     along  the 
coast. 

The  posts  may  still  lie  kepi  far  apart  but 
they  must  be  taller  and  of  greater  bulk  to 
meet   several    of   the   following   conditions: 

(1)  There  is  something  in  the  high  intensity 
ami  great  brilliance  of  illuminants  of  recenl 
development  for  exterior  lighting,  in  both 
the  incandescent  and  luminous  are  types, 
which  suggests  a  hold  and  outstanding  treat- 
ment of  the  dec  native  dc\  ice  -hat  i  to 
house  or  carry  the  lamps.  ,\  new  clement 
has  injected  itself  into  the  field  of  stud 
the  architect  which  cannot  I"'  represented  on 
ill,-  plane  of  a  drawing  or  portrayed  in  color 
e  is  no  paint  i  iugh  to  represent 
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its  light  and  none  deep  enough  to  portray  its 
depth  mple  exarnpl 

the    necessity    for   large   dimensions   in    the 
housing  for  the  new  illuminants,  just 
that  tin-  filament  in  a  carbon  lamp  of  say  16 
c.p.   could   b  al    without    any 

rain,  and  when  a  six- 
light 
ource  appeared 

Lamps    up    to 
2500    c.p.     (approximately     150    times    the 
ow  used;  and  if  such  a 
Mould    be    viewed    for    anj 
he  eye  will  be  so 
ing  else  will  be  seen  until  it 
readjusts  itself   to   objeel     of   low   intensity. 
i  make  this  bright  source  of  practi- 
cal   use    for   street    illumination,    it    has    been 
encased  in  a  globe  or  lantern  of  translucenl 
glass   of   such    size    that    it    can    he   looked   at 
without    experiencing    uncomfortable    sensa- 
tions      It  does  not  have  to  he  150  times  the 
lath-    old    six-inch  ball   because 
was    not    the    limit    of    eye   endurance. 
By  a  long  series   of   tests  it    has   been  found 
thai    for    genera]    work    a    600    to    niiin-e  p. 
lamp    will   require   a    globe    about    17   in.   in 
diameter  and    IN  to  1*0  in.   high.      This   sets 
roughly   an   example   upon    which    to  gauge 
■  u Ik,  size  or   magnitude  of  the  lighting 
standard,     to     which     of    course    must    be 
added   the   other  considerations    of    practical 
necessity,  as: 

(2)  The  height  must  be  great  enough  to 
give  good  general  distribution  of  the  light, 
which  may  be  controlled  by  the  location  of 
the  lamp  in  the  globe,  by  the  type  of  glass- 
ware form  of  globe,  reflectors,  refractors,  or 
type  of  lamp  itself.  It  must  be  high  enough 
to  give  the  necessarily  increased  size  of  the 
lighting  unit  an  appearance  of  grace  and 
symmetrical  proportions  in  relation  to  its 
support.  Considerable  study  has  been  given 
to  the  treatment  of  glassware  and  due  effort 
used  to  obtain  graceful  forms  and  prac- 
tical dimensions  to  meet  the  requirements 
of  the  illuminants  of  different  sizes.  By  that 
ant  the  designing  of  large  globes  to  be 
with  such  high-intensity  lamps  as  the 
linn  to  1500-c.p.  types  and  of  smaller  ones  to 
accommodate  lamps  of  less  brilliance,  the 
intention  being  to  have  available  good  look- 
ing glassware  which  meets  the  requirements 
of  the  engineer  and  the  city  planner  for  any 
problem  which  might  arise. 

■  ii    the   standard   must    be   of 
large  enough  diameter  to  give  good  individual 

[ate  the 


required   installation   of  transformer,   cutout 
or  other  pri  itecti1  i   devices. 

i  1 1  The  shaft  must   1"    of  such    dia 
■  hen   the  unil    is  ati  >p,   in 
the  vertical  arc,  an  ample  insulating  gap  will 
be  assured,  and 

(5)  <  )f  such  bulk  of  base  or  even  ol 
as  to  meet  special  requirements,  such  as  the 
ig  ni  trolley  poles  for  lighting  standards 
or    meeting    the    requirements    of    trafi 
L  ii  al  engineering  need-. 

When  the  artist  in  Pompeii  designi  d  a 
standard  to  carry  a  little  oil  lamp,  or  when 
G  o  conceived  the  lanterns  and  torch 
brackets  which  are  on  the  walls  of  the  Pallazo 
Strozzi,  there  wen'  no  engineering  problems 
to  be  met  other  than  that  they  must  each 
make  a  practical  thing,  and  they  made  them 
beautiful.  The  principle  governing  the  mak- 
ing of  the  practical  device  which  is  a  beauti- 
ful thing  to  look  upon  has  not  chang<  d  on 
but  the  application  and  use  I 
what  complicated  due  to  modern  engineering 
needs.  The  introduction  of  engim 
principles  into  the  art  need  not  preclude  the 
making  of  beautiful  standards  or  lanterns 
any  more  than  the  definite  knowledge  of  the 
strength  of  materials  need  produce  archi- 
tecture which  is  not  beautiful. 

The  statement  that  there  is  "something  in 
the  intensity  and  great  brilliance  of  the 
modern  illuminant"  seems  to  be  the  salient 
point  to  be  considered  in  the  selection  and 
control  of  the  form  and  size  of  the  decorative 
device  which  is  to  house  or  carry  the  illumi- 
nant. The  design  of  a  decorative  thing  of 
utility  is  not  good  design  unless  the  utili- 
tarian is  considered  first.  Then  must  1" 
sidered  the  sternly  practical  necessities  of 
such  things  as  are  mentioned  under  the  pre- 
ceding headings. 

The  standard  or  other  lighting  unit,  after 
meeting  the  essentials  i  if  engineering  needs. 
must  fit  its  place  and  here  enters  a  host  of 
questions  which  will  concern  the  designer, 
engineer,  city  planner,  or  architect. 

Certain  principles  of  composition  and 
design  must  govern  both  the  unit  and  its 
proportion  in  the  street  but  there  is  no  prec- 
edent in  ancient  art  wherein  we  must  meet 
a  condition  which  requires  the  placing  of  a 
erii  of  posts  or  poles  all  alike  at  stated 
intervals.  The  verj  definite  and  nice  arrange- 
ment of  the  columns  of  the  Parthenon  are 
there  by  a  principle  of  proportion  which 
cannol  be  .applied  to  an  indefinite  line  of 
columns  carrying  lights  on  a  street,  but  we 
can  at  leasl  consider  such  points  as  individual 
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of  silhouei  i    detail, 

suitability  of    glassware,  thi  on    the 

streel  with  relation  to  buildings,  planting, 
type  of  si  i  ary  kind  of  lighting. 

The  criticism  continually  made  by  archi- 
tects of  the  trend  of  recent  design  in  lighting 
standards  is  thai  "they  are  oul  of  scale"  or 
that  "they  dwarf  everything  nearby."  When 
the  scale  of  presenl  day  lighting  apparatus  is 
id  by  thai  of  the  Fifteenth  Century 
perhaps  they  are  somewhal  large  and  insist- 
ent. Imt  modern  conditions  musl  be  met  in 
this  field  as  well  as  in  that  of  architecture 
where  buildings  are  surely  mounting  skyward 
— in  business  districts  particularly.  There 
is  a  practical  danger  in  placing  a  lighting 
unit  of  such  intensity  as  100(1  to  1500  C.p. 
down  anywhere  near  the  level  of  the  eye, 
and  to  keep  it  up  where  it  is  safe  electrically 
and  where  such  brilliance  will  have  proper 
diffusion  and  not  endanger  the  eye  means 
the  designing  of  shafts,  poles  or  supports  of 
such  size  or  bulk  as  will  be  commensurate 
with  the  practical  and  so  blended  with  the 
architecture  of  the  street  as  to  be  as  in- 
c<  mspicuous  as  may  be. 

Particularly  efficient  refractors  have  been 
developed  which  may  be  used  to  offset  the 
necessity  of  extreme  height  and  size  of  poles. 
A  study  of  this  glassware  by  architects  or  city 
planners  who  contemplate  the  lighting  of 
bridges,  wide  open  areas,  or  boulevards  will 
materially  assist  them  in  the  solution  of  such 
problems. 

The  design  of  the  standard  may  be  of 
extreme  simplicity  of  contour  as  befits  a 
small  urban  residential  district,  or  it  may  be 
a  thing  of  monumental  character  to  grace 
the  civic  centre  of  a  prosperous  city.  Where 
a  great  many  standards  are  to  be  used  in  a 
given  district  it  is  advisable  to  select  a 
design  which  is  very  simple.  The  continuous 
repetition  of  an  ornate  thing  becomes  monot- 
onous. If  a  single  street  is  to  be  illuminated, 
which  is  more  often  the  case,  greater  freedom 
may  be  used  in  the  selection  of  a  design  bear- 
ing surface  decoration.  The  silhouette  in  any 
case  must  be  simple  and  graceful.  Simplicity 
of  contour  will  insure  an  appearance  of  neat- 
ness on  the  street  as  well  as  tend  toward  an 
easier  blending  with  the  great  variety  of  the 
architectural  styles  of  the  buildings  "fronting 
our  streets. 

It  may  seem  contradictory  to  demand 
greater  size  and  at  the  same  time  ask  for  incon- 
spicuousness  but  this  may  be  accomplished  by 
the  possibility  of  longer  spacing,  decorative 
treatment  which  is  in  fairaccord  with  the  street 


architecture,  and  the  use  of  color  on  the  stand- 
ards or  posts  and  glassware — to  use  a  term 
coined  at  the  time  of  the  construction  of  the 
Exposition  in  San  Francisco,  "Paint  them 
ou1  "  In  the  congested  districts  of  many  of 
^ni  cities  the  effect  is  very  oppressive  b 
streets  cluttered  with  a  heterogeneous  mass  of 
trolley  poles,  signs,  vehicles,  and  lighting 
standards,  all  of  a  shroudlike  tone.  Black 
is  all  right  when  used  in  moderation  with 
some  colors.  It  does  nicely  for  some  kinds  of 
leather  and  for  printers'  ink,  but  some  tint 
or  shade  of  green,  buff,  or  brown  on  such 
things  as  lighting  standards  and  poles  on  the 
street  will  give  a  much  happier  effect.  It  is 
not  always  necessary  to  go  to  the  expense 
of  painting  lighting  standards  in  imitation  of 
bronze,  although  that  is  generally  effective 
and  is  better  than  the  hue  of  the  inside  of  a 
coal  chute.  Every  time  a  pole  is  pai 
black  some  of  the  light  is  wasted.  Black 
will  absorb  all  the  light  which  strikes  it  while 
colors  will  reflect  at  least  some  of  it. 

Complaints  have  been  made  that  dust  will 
show  on  ornamental  forms.  Dust  will  show- 
more  on  black  and  dark  tones  than  it  will 
on  colors  which  tend  to  grays  and  gray-greens 
and  these  colors  will  be  far  less  conspicuous, 
by  day  at  least,  and  tend  to  make  the  stand- 
ards and  trolley  poles  less  insistent  in  the 
general  makeup  of  the  street. 

Lighting  Standards  Having  a  Monumental  Character 

Fig.  1  is  of  Broadway,  Los  Angeles,  Cali- 
fornia, and  shows  the  effect  on  a  business 
street  of  an  up-to-date  installation  which  is 
the  result  of  careful  and  well  coordinated 
effort  by  the  property  owners.  The  street  is 
100  ft.  wide  from  building  to  building  with 
the  structures  of  a  generally  even  height. 
All  are  very  light  in  color,  being  soft  gray, 
cream,  white,  or  buff.  The  lighting  system  is 
of  luminous  arcs,  two  to  a  pole,  with  under- 
ground wiring. 

The  standards  are  designed  in  a  style  which 
suggests  the  Spanish  Renaissance  and,  al- 
though far  too  ornate  for  the  average  city,  are 
in  keeping  with  the  spirit  of  Southern  Cali- 
fornia. The  light  source  of  each  is  about 
L'.'i  ft.  high  and  is  so  placed  that  there  is 
excellent  general  illumination  throughout  the 
length  of  the  street.  The  sparkle  and  life  of 
the  light  in  this  avenue  are  particularly  cheer- 
ful and  when  seen  from  the  distance  and 
height  of  Alt.  Lowe  at  night  its  radiance  is 
remarkable.  Fig.  3  shows  the  details  of  one 
of  the  standards  in  use,  the  other  being  of 
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Fig.  6.      Lighting  Standard  Installed  1 

Broadway,  Saratoga;  Two  Duoflux 

Units 


Fig.  8.      Design  of  Proposed  Standard 
for  Augusta,  Ga. 
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similar  silhouette  although  different  in 
al  detail. 

(  Hi:.  i  instal- 

»n  Market  Street  and  the  Bu 
Triangle  of  San  I  i  which  are 

in   tli.    i  The 

Market  Street  ii  preten- 

tious effort   yet   i 

complicated  conditions  to  be  met  in  lighting 
a  wide,  busy  thoroughfare.     There  an 
trolk-y  tracks  with  overhead  win 

ii  poles  at  the  curb.     These  poles 
have  been  given  a  ver  ■    treat- 

ment, having  an  octagonal  base  and  tapering 
series   of   bands   i  en1    in   low   relief. 

The  hands  each  represent  a  scene  from 
fornia's  history  and  were  executed  by  the 
sculptor  I  'lit  man.  Advantage  was  taken  of 
this  fine  work  when  it  la-came  necessary  to 
modernize  the  lighting  of  the  street  and  a 
cluster  was  designed  to  take  three  orna- 
mental luminous  arcs  which  was  executed 
by  the  sculptor  Leo  Lentelli.  One  point 
which  gives  these  trolley-pole  lighting  stand- 
ards a  solid,  dignified  appearance  is  their 
uniformly  vertical  position.  Nothing  so 
disarranges  the  orderly  appearance  of  a  street 
as  to  have  a  row  of  poles  which  slant  out  of 
the  vertical.  The  generally  horizontal  lines  of 
ices,  moldings,  and  curbs  and  vertical 
lines  of  building  fronts,  corners  and  columns 
are  thrown  sadly  askew  by  engineers  who 
insist  that  trolley  poles  must  have  a  rake. 
The  Market  Street  poles  are  an  excellent 
example  of  what  may  be  done  if  a  pole  is 
selected  winch  is  heavy  enough  to  have  a 
factor  of  vertical  assurance.  Some  cities  are 
going  to  spend  much  more  than  their  original 
poles  ci  s1  when  it  comes  time  to  utilize  them 
as  lighting  devices  and  they  have  to  be  rein- 
forced and  plumbed  like  the  other  archi- 
reet. 

Fig.    t.  showing  this  standard,  is  one  of  a 
made  at  the  time  of  the  inauguration  of 
the  system  when  an  elaborate  carnival  filled 
the  streets  of  San  Francisco  with  an  over- 
whelming crowd  of  merrymakers  who  came 
he  Path  of  Gold. 

The  Business  Triangle  of  San  Francisco  is 
a  district  just  west  of  Market  Street.  This 
distrii  en    lighted    with    standards 

carrying   two    ornamental    luminous   arcs   at 
a  height  of  25  ft.    The  design  is  rather  ornate 

O    01  her    posts    tO 

complicate    the    layout    of    the    spacing,    the 
is    very    line    and    dignified.      Those 

the    installation    which    come    in 
close  relation  to  some  of  the  shops  and 


having  richly  dei  it  ranees  are 

tally    pleasing.      Fig.    .">    illustrates    the 

original   design,   which   has  been   carried    out 
very    faithfully    in    th 

:ie  of  the  streets  of  the 
"Triangle"  is  shown  in  Fig.  2.  Attention  is 
called   toii.  :i  illuminat  i< 

the    buildings.      With    this    type    of    lighting 

impressed    with    the    bigm 
thoroughfare.    The  lights  becomi  a 

'.ration   because  they  are  doing 
thing    besides    making    bright    spots    on   the 
pavement-  they   are   lighting    the   buiL 
which    make    the    stn 

Both  these  San  Francisco  installations  are 
carefully  painted  in  imitation  of  bronze  and  a 
specially  tinted  glassware  is  used  to  avoid  the 
effect  of  glaring  white  in  daytime,  while  at 
night  this  yellow  tint  lends  a  warm  glow  to  the 
illumination.  Taken  altogether  these  systems 
come  nearer  to  being  "painted  out  "  than  any 
other  large  ones  in  this  country. 

The  Saratoga  System  is  a  milestone  on  the 
road  to  good  street  lighting.  It  marks  a  very 
definite  step  in  the  use  of  the  incandescent 
lamp  for  exterior  illumination,  both  in  the 
method  of  installation  and  electro-mechanical 
control.  Saratoga  is  an  old  American  town. 
rich  with  Colonial  landmarks,  and  when 
the  question  arose  as  to  the  decorative  period 
to  be  used  in  the  design  for  the  lighting 
standards,  it  was  quickly  determined  to  use 
the  Georgian.  Broadway,  the  avenue  lighted, 
is  about  St)  ft.  between  curbs  with  sidewalks 
which  vary  from  20  to  30  ft.  wide.  It  is  lined 
with  grand  old  elm  trees  and  has  an  interest- 
ing turn  and  varying  grade.  For  a  short 
period  each  summer  Saratoga  needs  all  the 
light  it  can  flood  on  its  streets  to  accommodate 
the  night  life,  and  standards  having  two 
Duo-lights  each  were  installed  at  intervals  of 
120  ft.,  balanced  opposite.  In  preparing  the 
design,  the  effort  was  made  to  have  the  sup- 
porting shaft  as  slender  as  would  be  com- 
patible with  mechanical  consistency  and  still 
be  of  a  diameter  which  would  gracefully 
support  two  units  of  the  size  of  those  neces- 
to  house  both  a  250  c-p.  and  a  1000  c-p. 
lamp  in  each  globe  2(1  ft.  above  the  roadway, 
'fhe  globes,  which  were  specially  produced  for 
this  installation,  are  of  an  urn  form  not  unlike 
some  of  the  vase  forms  designed  lye  Ilepple- 
white;  in  fact,  the  general  design  of  the 
standard  is  in  the  Hepplewhite  style.  When 
the  installation  was  complete,  all  urn  . 
sary  poles  were  removed  from  the  strei 
that  the  symmetrical  spacing  of  the  lighting 
standard  gives  an  interesting  contrast   to  the 
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Fig.  9.      Lighting  Standard,  State  Street 

Fig.   1U.      Design  of  Thrcelight  Orna- 

Fig. 11.      Two-light  Trolley-pole  Stand 

and  Broadway.  Salt  Lake  City,  Utah; 

mental  Luminous  Arc  Standard  in 

ard  Designed  for  Use  in  the  "Loop," 

Three    6.6-amp.    Luminous   Arc 

Use  on  Main  Street,  Salt  Lake 

Chicago,  111. 

Lamps 

City,  Utah 
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uneven  and  natural  cun  Lng  i if  the  I ree  trunks 

and  branches     The  turn  of  the  street  with  its 

dip  and  lion-uniform  grade  gives  a  most 

pleasing  effed  when  the  lights  are 

through  an  occasional  branch  which  may 

hang  low.     The  verde  green  color  with  which 

the  standards  and  metal   parts  arc  painted 

aids  in  making  them  fi1  their  place. 

The  design  of  standard  prepared  for  the 
city  of  Augusta,  ( la..,  is  on  similar  lines  and  of 
the  same  general  dimensions  as  the  Saratoga 
standard  but  the  requirements  from  a 
decorative  viewpoint  are  more  in  keeping 
with  the  original  scheme  in  San  Francisco. 
in  a  cotton  country,  an 
attempt  has  been  made  to  introduce  a 
decorative  treatment  which  makes  an  appeal 
to  local  sentiment.  Fig.  8  illustrates  the 
design  proposed,  in  which  may  be  seen  the 
efforl  to  use  the  cotton  bolls,  scenes  on  the 
base  representing  an  old  cotton  gin,  a  press, 
or  a  picking  scene. 

Standards   Combining   Lighting  Units  with  Trolley 
Poles 

This  method  of  lighting  streets  having 
trolleys  with  overhead  wiring  seems  to  be 
the  easiest  solution  to  the  problem  of  keeping 
them  as  clear  of  superfluous  impedimenta  as 
will  meet  practical  needs.  If  trolley  suspen- 
sion wires  cann<  it  be  attached  to  buildings  (and 
they  can  be  in  many  cities  by  concerted 
action  on  the  part  of  civic  improvement 
organizations)  then  use  the  trolley  poles  for 
as  many  purposes  as  possible  by  converting 
them  into  lighting  standards  as  well  as 
supports  for  mail  and  fire  alarm  boxes  or 
street  signs. 

The  most  elaborate  attempt  to  give  a  street 
a  semblance  of  orderliness  and  still  retain  the 
trolley  pole  was  accomplished  in  Salt  Lake 
City  by  the  installation  of  the  ornamental 
luminous  arc  system  on  the  existing  poles. 
Main  Street,  Salt  Lake,  is  the  most  brightly 
illuminated  street  in  this  country.  There  are 
three  lamps  to  a  pole  as  shown  in  Fig.  10. 
It  will  be  noted  that  the  shaft  is  rather  large 
in  diameter,  this  being  caused  by  the  poles 
having  been  originally  set  out  of  plumb.  The 
ing  shaft  takes  care  of  nearly  three 
inches  of  rake,  which  in  many  cases  could 
not  be  overcome  by  re-setting  the  poles  since 
the  bases  were  set  in  concrete  and  built  into 
subcellar  walls  or  between  drains  or  other 
underground  structures. 

The   street    is   so  wide  that  it  was  most 

i  place  the  cluster  of  lights  above 

the  trolley  suspensions.     In  narrower  streets 


this  is  not  always  advisable  for  it  would  no! 

lend  itself  to  a  very  successful  decorative 
effect.  The  Salt  Lake  City  standard  is  of 
great  size  but  the  street  is  of  such  character 
as  to.  warrant  its  use.  This  system  is  to  be 
extended  in  the  near  future  while  another 
important  installation  is  in  progress  of  man- 
ufacture for  the  same  city.  State  Street  is  a 
fine  wide  avenue,  as  are  all  Salt  Lake  City's 
thoroughfares.  It  leads  south  from  the 
Capitol  building  which  is  seen  on  the  high 
bench  of  the  Wastach  range,  below  which  the 
city  lies,  and  when  illuminated  will  form  a 
fine  ending  for  the  pretentious  lighting  of 
the  avenue  which  leads  up  to  it.  The  stand- 
ards will  be  constructed  of  encased  trolley 
poles  with  an  ornamental  base,  but  instead  of 
a  group  of  three  lam]  is  above  the  supporting 
wires,  one  lamp  will  be  on  top  and  two  carried 
on    brackets    below    the    supporting    wires. 

This  gives  the  standard  a  less  lofty  appear- 
ance, and  as  the  street  has  few  high  structures 
the  main  mass  will  be  down  where  it  will 
not  dwarf  the  buildings  and  the  greatest 
illumination  will  be  on  the  sidewalks  and  sides 
of  the  roadway.  The  center,  or  top  lamp,  will 
tend  to  smooth  out  any  unevenncss  caused  by 
the  grouping  below  and  will  be  used  for  all 
night  service,  the  lower  lamps  being  shut  off 
at  midnight.  This  is  an  excellent  method  of 
maintaining  a  pleasing  effect  on  the  street  for 
it  assures  a  generally  even  illumination, 
although  of  lower  intensity.. 

There  are  certain  possibilities  for  the 
decorative  treatment  of  the  trolley  pole 
standard ;  for  example,  the  standard  with  two 
lights  designed  for  use  in  the  Loop  and  exten- 
sions in  Chicago  carries  the  lighting  units  at  an 
elevation  of  eighteen  feet,  while  the  pole  is 
carried  high  enough  above  the  trolley  sus- 
pension points  to  give  a  more  tapering  finial 
than  is  usually  found.  This  means  of  intro- 
ducing an  element  of  grace  is  utilized  in  the 
designs  proposed  for  Oakland,  California, 
and  Elyria,  Ohio.  These  three  designs  are  all 
rather  simple  direct  efforts  to  accomplish  a 
given  mechanical  requirement  in  a  reason- 
ably passable  architectural  manner.  By  that 
is  meant  that  the  trolley  pole  is  not  being 
dressed  up  to  look  like  a  lamp  post  and  a 
lamp  post  is  not  being  designed  to  have  a  pole 
projecting  from  the  top  of  it  on  which  to  hook 
a  collection  of  wires,  but  acceptance  is  frankly 
made  of  the  existence  of  the  trolley  pole  and 
the  lighting  device  necessities  and  an  effort 
made  to  produce  something  that  will  do  the 
work  and  not  offend  the  sensibilities  of  those 
who  are   trying  to  make  the  streets  of  our 
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cities  more  pleasant  to  behold.  The  decora- 
tion of  the  Oakland  design  is  suggested  by 
that  of  the  new  City  Hall,  in  close  proximity 
to  which  many  of  the  standards  will  Vic 
installed,  the  oak  leaf  being  used  in  relief  in 
the  bands.     No  attempt  is  made  to  cover  the 


acter  except  that  it  is  unconventional  and  i  i 
anefforl  to  produce  an  ornate  pole  with  light- 
ing brackets  which  do  not  have  a  patch 
stuck-on  look.  If  these  can  be  made  to  have 
the  appearance  of  growing  in  place  they  will 
at   leasl   avoid  the  harsh  mechanical  lines  so 


Fig.  12.      Design  Suggested  for 
Use  in  Oakland,  Cal. 


Fig.  13.      Single-light  Bracket   Mounting  on 

Trolley  Pole  so  Designed  That  it   May   be 

Amplified  as  Shown  in  Fig.  14 


Fig.  14.    A  Two-unit  Bracket  Mounting 

for  Use  on  the  Trolley  Poles  of 

Important  Streets 


pole  but  the  base  has  an  interesting  form, 
in  that  it  is  rectangular  in  plan  to  accord 
with  the  narrowness  of  the  sidewalks.  Space 
is  provided  in  the  long  way  to  take  care  of 
cutouts.  The  design  of  the  standard  for 
Elyria  contains  no  special  architectural  char- 


often  encountered  in  places  where  lighting 
units,  as  an  afterthought,  have  been  attached 
to  poles  or  buildings. 

All  lighting  apparatus  of  the  sort  fastened 
to  and  becoming  part  of  the  trolley  pole  should 
be  as  simple  as  possible.     Repetition  com- 
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plicates  matters  enough  as  far  as  tl 
tive  effect  is  concerned  so  that  it  is  most 
advisable  to  avoid  the  use  of  free  ending 
ornaments,  thin  wrought  scroll  forms  or 
extra  lights  which  do  not  do  any  of  the  neces- 
sary illumination  work.  Many  of  these 
details  look  pretty  on  a  drawing  but  when 
made  up  on  the  street  they  soon  become 
taudry  through  lack  of  proper  upkeep,  bent 
from  accidents,  or  if  extra  lamps  are  attached 
they  seldom  remain  long  in  use. 

The  single  bracket  on  a  trolley  pole  may 
be  successfully  treated  as  is  exemplified  by 
those  recently  installed  on  State  Street, 
Chicago.  This  type  also  looks  well  with  an 
ornamental  base.  The  base  is  especially 
useful  where  an  accessible  cutout  or  trans- 
former is  needed.  It  might  well  be  noted  that 
the  State  Street  brackets  were  installed  in  a 
section  of  street  which  had  somewhat  run 
down.  The  buildings  are  all  fairly  modern  and 
of  good  size  but  were  dark  and  dingy  from  an 
accumulation  of  smoke.  The  street  was 
transformed  when  the  lighting  was  modernized 
and  the  buildings  all  painted  a  light  tint. 

Boulevards  and  Open  Areas 

Boulevards  of  the  class  of  Hollywood  in 
Los  Angles  or  Avenida  5  in  the  Reparto 
Miramar,  Havana,  may  be  successfully 
lighted  by  the  employment  of  cluster  type 
standards.  The  types  recommended  for 
these  places  are  shown  in  Figs.  15  and  17 
the  first  being  of  a  design  which  will  blend 
easily  with  the  style  of  architecture  in  vogue 
in  the  Hollywood  district  and  the  second  in 
the  spirit  of  the  designs  of  the  villas  being 
constructed  in  the  Miramar  district.  The 
boulevard  is  generally  tree-lined  and  will 
easily  stand  quite  a  rich  decorative  treat- 
ment. Rows  of  clusters  of  lights  always 
give  a  happy  gay  effect,  and  as  a  high  intensity 
in  such  places  is  not  always  necessary  the  fact 
that  there  are  many  spots  of  light  will  give 
the  impression  that  there  is  more  illumination 
than  there  really  is. 

As  open  areas  such  as  city  parks,  band 
concourses,  or  bridge  approaches  must  really 
have  light,  the  units  may  be  of  the  cluster 
type  with  fairly  high  intensity,  or  of  the  single 


with  sufficient  intensity  to  illuniit 
wide  area       I  ing  of  the  standards  in 

the  civic  i  D  is  excellent,   the 

lighting  d<  .lusters  on  stone  bases. 

'I'll'-  slim  and  graceful  line-  of  the  post  in  use 
in  Congress  Park.  Saratoga,  lend  a  fine 
of  character  to  the  gardening.     This  post  is 
designed  in  the  te  standards 

for  the  main  avenue  which  skirts  the  north 
side  of  the  park. 

Business  and  Residential  Districts 

Many  designs  of  lamp  posts,  which  are  good 
in  sillp  iuette  and  ornament,  have  beet 
pared  am!  a  number  of  them  made  for  stock 
use  by  manufacturers.  They  are  generally 
based  on  classic  lines  so  thai  they  can  be  used 
on  almost  any  street  having  buildings  of 
the  modern  trend  in  the  architecture  of  busi- 
ness fronts.  Several  of  these  are  shown  in 
Fig.  IS,  with  the  glassware  which  is  available 
or  standardized. 

The  lantern  shown  in  Fig.  Hi  is  a  recent 
development  and  is  made  with  the  idea  of 
meeting  the  requirements  of  cities  which 
are  far  from  the  source  of  supply  of  stand- 
ard globes  and  where  the  breakage  ot  a 
panel  can  easily  be  replaced.  The  cost  of 
shipment  of  large  globes  is  such  an  impor- 
tant item  in  the  maintenance  of  an  instal- 
lation that  this  unit  should  appeal  to  engi- 
neers, especially  for  foreign  work,  as  the 
device  is  designed  to  be  shipped  knocked 
down.  From  the  standpoint  of  ornamental 
value  the  lantern  is  of  importance.  It  will 
be  appropriate  with  almost  any  of  the  Classic 
or  Renaissance  poles  and  has  a  use  which  the 
vase  or  urn  shaped  globes  cannot  replace. 
It  looks  well,  either  singly  or  grouped,  and 
can  be  applied  as  an  accepted  ornamental 
form  as  pendent  or  vertical. 

The  lighting  of  extremely  narrow  streets  is 
most  effectively  accomplished  by  the  use  of 
brackets  either' attached  to  the  wall,  as  done 
in  the  old  parts  of  Havana  where  the  illumi- 
nant  is  gas  piped  through  the  building,  or 
as  proposed  for  Santiago,  Chili,  where  the 
lantern  will  be  used  on  a  creok  attached  to  the 
building  and  the  feed  wires  carried  under- 
ground. 
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Methods  of  Financing  Street  Lighting 

By  Louis  Priedmann 

Chicago  Office,  General  Electric  Company 

Street  lighting  in  general  has  failed  to  keep  pace  with  other  civic  improvements,  not  because  of  any  lack  of 
advancement  in  the  art  of  illumination,  but  because  there  has  been  applicable  no  fundamentally  correct  method 
of  financing  the  installation.  As  the  solution,  the  author  of  this  article  recommends  that  all  States  amend  their 
improvement  laws  to  include  street  lighting;  then  there  will  Ik-  available  a  method  of  financing  which  will  enable 
v  to  obtain  such  a  degree  of  illumination  as  is  required,  and  at  the  same  time  obtain  an  ornamental  sys- 
tem which  will  harmonize  with  thi  tl  il  surroundings.  This  is  especially  important  in  view  of  th 
Beautiful  movement  which  is  being  advocated  throughout  the  country.— Editor. 


Suspending  a  lamp  at  each  street  intersec- 
lias  for  many  years  been  the  typical 
met  In  »1  employed  in  lighting  our  struts. 
Such  systems  are  usually  installed  and  oper- 
ated by  the  public  utility  company,  which 
charges  the  city  a  certain  fixed  sum  per  lamp 
ing  the  streets.  The  candle- 
power  and  number  of  lamps  which  the  utility 
company  can  supply  for  this  purpose  arc  gov- 
erned by  the  amount  of  money  the  city  appro- 
i  -  for  street  lighting. 

Municipalities  as  a  general  rule  do  not,  and 
oftentimes  cannot,  appropriate  sufficient 
money  to  obtain  better  street  lighting,  the 
tendency  having  been  constantly  to  reduce 
this  appropriation,  thereby  forcing  economies 
ra  t  her  than  making  improvements ;  hence,  prog- 
ress has  been  retarded  and  street  lighting  has 
not  kept  pace  with  other  civic  improvements. 

Fortunately,  however,  the  increased  effi- 
ciency of  light  production  during  the  past 
few  years  has  compensated  for  the  decreased 
funds  appropriated,  so  that  while  economies 
have  been  effected  there  has  also  been  some 
improvement,  but  in  general  it  is  still  inade- 
quate. 

The  increasing  number  of  automobiles  and 
the  greater  use  of  our  streets  at  night  make 
ary  increased  street  illumination.  Im- 
proved results  could  be  obtained  by  increas- 
ing the  candle-power  of  the  existing  lamps,  or 
by  using  a  larger  number  of  lamps  per  block, 
but  both  methods  naturally  increase  the 
ci  is1 .  which  oftentimes  is  not  permissible  under 
the  prevailing  method  of  providing  funds  for 
the  purpose  by  city  governments. 

These  facts  have  been  well  recognized  by 
our  business  men,  manufacturers,  and  civic 
authorities,  who,  realizing  the  great  benefits 
derived  from  a  well  lighted  street,  have  dur- 
ing the  past  ten  years  employed  various  c<  i- 
operative  methods  of  providing  the  necessary 
funds  to  obtain  better  street  illumination  in 
the  business  district,  commonly  known  as 
"White-Way"  or  "Boulevard"  lighting  sys- 
tems, which  consist  of  ornamental  lamp  posts 
evenly  spaced  along  the  curb  of  both  sides 
of  the  street  and  equipped  with  suitable  lamps 


which  are  fed  from  a  system  of  underground 
wiring. 

This  system  of  lighting  has  grown  to  be  very 
popular,  not  only  for  business  districts  but 
for  residential  sections  as  well,  because  it 
combines  utility  with  ornamentation,  thereby 
producing  adequate  street  lighting  with  orna- 
mental lamps  and  posts  which  become  a 
permanent  improvement  to  the  city. 

The  rapid  growth  of  this  system  during  the 
past  few  years  indicates  that  it  will  eventually 
supersede  the  system  of  overhanging  lamps; 
in  fact,  it  is  evident  that  the  ornamental  post 
system  would  be  in  more  general  use  today 
had  there  been  available  a  more  satisfactory 
method  of  financing  its  cost. 

It  is  principally  the  installation  or  first  cost 
of  such  systems  that  requires  a  means  of 
financing;  the  maintenance  cost  is  compara- 
tively low  and  is  usually  paid  out  of  the 
general  funds  of  the  city. 

The  principal  methods  of  financing  which 
have  been  employed  are : 

(1)  Popular  subscription  among  the  busi- 
ness men  or  property  owners,  or  both. 

(2)  Installation  by  the  utility  company 
which  in  turn  charges  a  slightly  higher  rate  for 
current  to  amortise  the  original  investment. 

(3)  Financing  by  commercial  clubs  or 
other  civic  organizations,  which  in  turn  pro- 
rate the  cost  against  the  members  of  the  or- 
ganization. 

These  several  plans  of  financing  have  served 
their  purpose  admirably,  but  are  open  to  cer- 
tain objections  and  limitations  and  are  not 
fundamentally  correct.  The  practice  of  the 
central  station  entering  into  contracts  with 
individual  property  owners  or  merchants  has 
been  generally  unsatisfactory.  Assuming 
that  the  street  is  initially  fairly  evenly  illu- 
minated, which  is  seldom  the  case,  in  the 
course  of  a  few  years  many  contracts  are 
cancelled  leaving  blanks'  in  the  illumination 
effect  and  unproductive  equipment  in  the 
hands  of  the  central  station. 

This  form  of  street  lighting  is  a  public  im- 
provement, and  although  only  a  portion  of  the 
city  is  so  improved  the  city  at  large  benefits. 
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It  is  therefore  perfectly  obvious  thai  to 
install  an  ornamental  lighting  system  which 
will  be  in  keeping  with  the  city  and  its  natural 
progress,  there  must  be  adopted  a  more  basic 
and  equitable  plan  of  financing  to  provide  the 
necessary  funds;  and  since  the  installation  is 
of  public  benefit,  it  should  be  financed  in  tin- 
same  manner  as  other  public  improvements. 

Property  upon  a  street  so  improved  is  more 
valuable  than  property  on  a  street  where  there 
is  no  such  electric  light.  In  fact,  property  is 
benefited  quite  as  much  by  adequate  lighting 
as  it  is  by  water  mains  or  street  paving. 

In  some  states,  where  this  m.atter  has  been 
given  thought,  our  legislators  realize  that 
street  lighting  is  a  public  improvement  and 
have  amended  the  Improvement  Law  to  pro- 
vide for  the  installation  of  a  street  lighting 
system.;  this  to  be  paid  for  in  the  same  man- 
ner as  other  public  improvements,  by  levy- 
ing a  special  assessment  against  the  abutting 
property  on  which  the  improvement  is  made. 

Som.e  of  the  states  which  have  already 
passed  such  acts  are:  Alabama,  California, 
Indiana,  Iowa,  Minnesota,  North  Dakota, 
New  York,  Ohio,  Wisconsin,  and  Utah. 

The  existing  Improvement  Laws  in  some 
states  are  broad  enough  so  that  street  light- 
ing, being  interpreted  as  a  public  improve- 
ment, has  been  installed  and  paid  for  under 
the  law.  However,  it  is  far  better,  in  order 
to  avoid  any  possible  controversy,  to  amend 
the  Improvement  Law  and  to  include  in  the 
statute  a  definite  act  making  street  lighting 
a  public  improvement,  as  it  is  a  fact  that  the 
Appellate  Courts  have  been  called  upon  in 
several  instances  to  pass  upon  the  validity  of 
such  improvements  contemplated  under  the 
Improvement  Law  which  does  not  definitely 
include  street  lighting. 

By  including  street  lighting  as  a  definite 
act  under  the  improvement  Law,  the  method 
of  financing  the  system  is  immediately  solved, 
as  it  enables  any  city  within  the  state  to 
obtain  in  a  legal  and  orderly  manner  adequate 
street  lighting  which  will  be  an  improvement 
to  the  city.  Under  such  laws  any  part  of  the 
city  or  the  entire  city  may  be  so  lighted,  at 
the  discretion  of  the  city  and  its  property 
owners,  as  there  is  readily  available  a  method 
of  financing  which  will  enable  the  installa- 
tion of  a  street  lighting  system  that  will  fur- 
nish any  degree  of  illumination  or  ornamen- 
tation. 

The  usual  procedure  to  obtain  an  ornamen- 
tal lighting  system  under  the  Improvement 
Law  is  as  follows : 

(1)  A  petition  asking  for  this  improve- 
ment and  signed  by  a  certain  percentage  of 


1,1  i"  estedis  filed  with  the 

Common  Council  or  otl  iod 

(2)  Upon  receipl   oi  the  petition  filed  in 
accordance  with   the  law   of   the   Stafo 
ordinance    is    introduced    in    the    Con 

( !ouncil  providing  for  the  improvement 

(3)  Tins    ordinance    instructs    the    I 
ineer  to  prepare  plans  and  specifica 

nig  the  installation  of  the  lighting  sys- 
tem. It  also  determines  the  proportion  of 
the  total  cosl  which  is  to  be  assessed  against 
the  properties  and  that  which  is  to  1" 
by  the  city,  unless  otherwise  stipulated  by 
the  law. 

(4)  A  public  notice  is  then  made  oJ 
contemplated    improvement    bj    advertising 
the  fact  in  the  official  newspaper  of  thi   i 
and  after  a  certain  time  has  elapsed  as  pro- 
vided for  by  the  statute,  and  no  proti 

this  improvement  are  officially  presented  to 
the  Common  Council,  the  city  then  adver- 
tises for  competitive  bids,  which  are  received 
in  due  form  and  the  contract  awarded  to  the 
lowest  responsible  bidder. 

(5)  The  cost  of  maintenance  is  usually 
borne  by  the  municipality  and  paid  for  out 
of  the  general  funds  of  the  city. 

While  the  foregoing  covers  the  procedure 
most  generally  followed,  there  are  some  in- 
stances where  the  initial  movement  differs, 
for  example : 

In  North  Dakota,  the  Common  Council  is 
empowered  by  the  law  to  introduce  a  resolu- 
tion for  the  installation  of  a  special  street 
lighting  system  without  the  necessity  of  a 
petition  from  the  property  owners. 

In  Wisconsin,  the  law  requires  a  petition 
of  owners  of  one-half  or  more  of  the  taxable 
frontage  on  any  street  or  part  thereof  <1 
nated  by  the  Council  as  an  ornamental  light- 
ing district;  or,  the  Common  Council  may  on 
its  own  initiative  and  without  a  petition  ■  ■  t 
abutting  property  owners  provide  for  the 
lighting  of  streets  by  means  of  an  ornamental 
system. 

In  Montana,  the  law  authorizes  the  Com- 
mon Council  to  create  special  improvement 
districts  for  lighting  streets,  after  first  having 
passed  a  resolution  of  the  intention  to  do  so, 
thereby  giving  the  property  owners  the  op] « ir- 
turtity  to  object  to  the  improvement  before 
the  ordinance  is  passed  providing  for  it. 

In  the  states  where  such  laws  have  been 
passed,  the  system  is  installed  not  only  in  the 
business  district  but  is  extended  into  the 
residential  sections  as  well.  In  fact,  some 
cities  are  already  entirely  lighted  in  this 
manner,  which  systems  were  installed  and 
paid  for  under  the  Improvement  Law. 
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Street  Lighting  Expenditures 

By  A.  F.  Dickerson 

hi  i  minating  Engineering  Laboratory,  Generai   Elei  mi.   Company 

tically  all  municipal  departments  have  greatly  increased  during 
is  been  street  lighting.     Ever  increasing  traffic  and  the  popularity  of  night  recn 
the   streets  of  our  cities  that  greatly  increased  illumination  has  now  become  a  ne.  ■ 
Thisarl  [ivision  of  the  "  tax  dollar  "  and  points  out  the  fairnes     mdeconoo  ;nmen1 

■portion  of  it  hting.      By  charts  and  tables  it  also  presents  per  capita  i  Xpenditul 

ad  by  states  so  that  one  may  locate  at  a  glance  sections  of  the  country  that  at 
ficient  or  progressive  in  this  respect. — EDITOR. 


Street    lighting   is    indicative   of    progress. 

Bright  lights  and  clean  streets  stand  fur  pr<'S- 
and  civic  pride,  whereas  the  dim  dingy 
town  is  immediatelj  classified  as  "dead." 
Good  lighting  is  good  business;  and  when  it 
is  allowed  to  lag  behind  the  march  of  progress, 
progress  itself  will  soon  be  retarded. 

Statistics  for  the  cities  in  the  United  States 
show  that  there  have  been  large  increases  in 
practically  all  departmental  expenditures,  in 
fact  in  some  cases  per  capita  costs  have 
nearly  doubled  in  the  past  ten  years.  The 
exception  has  been  street  lighting  where  there 
have  been  only  slight  increases  in  budgets, 
the  jier  capita  cost  remaining  almost  con- 
stant. However,  thanks  to  science,  great 
progress  has  been  made  in  the  efficiencies  of 
illuminants  and  in  the  design  of  street  light- 
ing accessories,  so  that  today,  in  spite  of 
increased  costs  and  apparently  inflexible 
budgets,  our  streets  are  far  better  lighted  than 
they  were  ten  years  ago.  But  ever-increas- 
ing traffic  and  the  popularity  of  night  recrea- 
tion have  so  congested  the  streets  of  out- 
cities  that  many  lighting  systems  that  were 
considered  good  in  their  day  are  now  woe- 
fully inadequate.  It  is  opportune  that  an 
investigation  be  made  of  municipal  finances 
to  determine  just  "where  the  tax  dollar 
goes"  and  whether  a  fair  proportion  of  it  is 
expended  on  street  lighting. 

Street  lighting  rates  are  generally  low  but, 
based  upon  old  investments,  usually  a  fair 
return  is  being  realized.  However,  the 
income  from  new  installations  at  present 
rates  is  not  sufficient  to  encourage  central 
stations  to  make  large  expenditures  for  exten- 
sions. In  some  localities,  increased  rates  have 
been  granted,  and  without  doubt  many  more 
applications  will  receive  favorable  considera- 
tion after  more  thorough  investigation  has 
been  made.  It  is  the  purpose  of  this  article 
to  show  by  charts  and  otherwise  that  street 
lighting  budgets  form  only  a  small  portion  of 
total  municipal  expenditures,  and,  in  view  of  the 
evident  necessity,  a  slight  increase  is  warranted 
in  satisfying  a  popular  demand  for  more  light. 


Fig.  2  shows  how  the  tax  dollar  in  1919 
divided  among  municipal  departments. 
Groups  of  cities  are  classified  first  according 
to  population  and  finally  an  average  chart  ft  ir 
all  cities  of  over  .'50,000  population  is  given. 
It  is 'rather  startling  to  see  that  only  3.4 
cents  of  ever\-  dollar  is  spent  on  street  light- 
ing, the  necessity  that  is  so  essential  to  the 
progress  of  every  community.  Twenty-one 
cents   goes   for   "protection."      Does    it    not 

FOR  ALL  CITIES  IN  U  S  HAVING  OVER  30.000  POPULATION 


Fig.  1.  Of  the  $5.25  per  capita  which  the  average  city  of  over 
30,000  annually  spends  for  safety  and  protection,  only  72 
cents  is  for  street  lighting.  The  overall  service  purchased 
by  the  $5.25  expenditure  could  be  greatly  improved  by  a 
reallotment  which  would  increase  the  street  lighting  budget 
but  a  few  cents 


seem  reasonable  that,  at  least  in  some  cases, 
this  might  be  reduced  by  one  or  two  cents 
and  the  money  spent  to  better  advantage  in 
lighting?  Bright  streets  make  better  streets 
— better  for  the  public — and  are  a  distinctive 
aid  to  both  the  policeand  fire  departments. 

Fig.  1  gives  the  actual  expenditures  for  the 
same  items  as  listed  in  Fig.  2.  It  is  of  interest 
to  note  that  the  average  per  capita  cost  for 
street  lighting  in  1919  for  the  227  cities  in 
the    United    States,    with    populations    over 
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Fig.  2.      Charts  Showing  the  Division  of  "the  Tax  Dollar"  and  the  Portion  Devoted  to  Street  Lighting  in  the 

Various  Size  Cities  of  the  United  States 

Calculated  from  "Financial  Statistics  of  Cities"  for  1919.  issued  by  United  States  Bureau  of  Census 
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TABLE  I 
SUMMARY   BY    CITIES 


Num- 
ber of 
Cities 

Population 

Budget 

Street  Lighting 

Street 
Lighting 

Per  Cent 
of  Budget 

Street 

Lighting 

Per  Capita 

Street 

Lighting 

Per  Square 

Mile 

l.OdO.OOQ  or  over 

3 

655.27 

10,144,91  1 
500,000  to  1,000,000 

$459,918,279 

$5,631,554 

1.23 

$0.56 

$8,430 

7 

650.3 

•1.720,883 
100,000  to  500,000 

115, 446,117' 

4,050,617 

2.43* 

0.86 

6,230 

31 

1,040.73 

5  975  725 
50,000  to'  100,000 

150,270,033 

4,276,565 

2.84 

0.715 

4,100 

36 

550.84 

1,221 

20,000  to  50,000 

14,924,882 

1,731,228 

:;  86 

0.692 

3,140 

119 

1,745 

10,000  to  20,000 

2,881,235 

0.785 

199 

2,738,131 

5,000  to  10,000 

2,370,965 

0.867 

352 

2,130,422 

1,810,823 

0.848 

*  Five  cities  only. 

30,000,  was  7*.2  cents.  From  recent  incom- 
plete investigations,  including  7  17  cities  of 
over  5000,  the  average  was  found  to  be  71 
cents. 

In  order  that  a  glance  may  determine  the 
states  that  are  deficient  in  street  lighting,  a 
map  of  the  United  States.  Fig.  .'>,  indicating 
per  capita  street  lighting  costs,  has  been 
prepared.      It   has   been    generally   conceded 


that  for  good  street  lighting  the  average  per 
capita  expenditure  by  the  municipality  should 
be  not  less  than  one  dollar,  yet  there  are  only 
nine  states  over  90  cents,  four  of  which 
exceed  a  dollar.  The  ratio  of  the  maximum 
1  i  *  I  he  minimum  is  three  to  one. 

In  Table  I  the  cities  are  classified  according 
to  population  and  only  average  figures  given. 
The   percentage    of   street    lighting   to   total 
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Fig.  3.      Map  Indicating  Average  Expenditure  for  Street  Lighting    dollars  per  capita 
From  1921  Transactions  of  the  N.E.L.A. 
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budget  is  not  available  for  cities  under  50,000 
but  this  figure  will  probably  increase  to  murk 
10  per  cent  for  cities  of  5000.  Naturally  the 
expenditures  per  square  mile  will  decrease  with 

the  population,  mainly  because  there  is  less 
necessity  for  high  illumination  and  there 
less  tax  money  available  for  this  purpose. 

There  are  a  few  cities  spending  over  three 
dollars  per  capita  for  street  lighting;  the 
highest  being  $4.81.  However,  the  average 
for  the  50  best  lighted  cities  is  about  $2.04 
The  fact  that  the  cities  of  over  a  million  popu- 
lation show  a  decreased  per  capita  expendi- 
ture does  not  indicate  that  they  have  inferior 
illumination.  They  are  more  congested  and 
from  the  tabulation  it  will  be  noticed  that 
the  expenditure  per  square  mile  of  area  is 
correspondingly  high. 

The  yearly  cost  of  street  lighting  will  vary 
from  about  two  cents  per  linear  foot  of  street 


for  tin  Lllage  to  over  five  dol- 

lars  for   an    intensive   system    such    as 
Market    Street,  ico.     The 

figure  may  seem  extravagant  and  it  would  be 
for  a  municipality,  but  such  lighting  i 
sidered  as  a  commercial  investmenl   and  i1 
cosl   is  usually  borne  by  abuttin 
The    a 
linear  fool  for  all  s1  rei  ti  in  1  be  l  United 

ting   the  white-ways,   will    nol    1" 

five  cents  per  year. 

The  stockholders  of  a  city  are  its  taxpayers 
and  the  success  of  a  city  .as  a  business  is 
reflected  in  increased  real  estate  and  property 
values.     Again  let  us  repeat   "street   lighting 

is  indicative  of  progress."      [f  it  i     a    | 1 

investment  for  a  property  owner  or  mercnanl 
to  pay  over  six  dollars  to  light   one  fool   of 
street,  would  it  not  be  worth  while  for  a 
to  consider  paying  over  five  cents  ? 


White-way  Lighting.  Stamford,  Cc 


i  Arc  Ornamental  Standards 
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Street  Illumination  Tests  and  Specifications  for 

Contracts 

By  G.  H.  Sticknev 

Edison  Lamp  Works,  General  Electric  Company 

:.use  of  the  many  sources  of  error  which  may  be  present  when  running  a  street  illumination  test,  the 

author  recommends  that  important  decisions  be  based  upon  laboratory  tests   where  exact  conditions  may  be 

noted.     Relative  to  the  matter  of  drawing  up  a  street  lighting  contract,  he  discusses   what  features  may  be 

included  and  what  should  be  excluded  in  order  that  it  be  fair  to  both  the  municipality  and  the  public  utility. 

I  uns  for  these  recommendations  he  furnishes  in  detail. — Editor. 


Street  Illumination  Tests 

The  greatest  care  is  necessary  in  running 
illumination  tests  on  the  street.  There  are 
so  many  factors  which  may  lead  to  erroneous 
conclusions  thai  it  is  of  the  utmost  importance 
to  scrutinize  such  tests  very  closely  before  final 
conclusions  arc  drawn.  With  the  exception  of 
the  so-called  White  Way  Lighting,  the  varia- 
tion from  maximum  intensity  to  minimum 
intensity,  while  proportionally  very  high,  is 
numerically  only  a  fraction  of  a  foot-candle. 
It  will  readily  be  seen  that  a  slight  error  will 
nullify  the  value  of  the  whole  test. 

vSome  of  the  causes  of  error  are  as  follows: 

Too  few  lamps  are  tested  causing  too  much 
weight  to  be  given  to  the  performance  of  an 
individual  lamp.  The  lamp  may  not  be  in 
the  proper  position  in  the  units  which  are 
being  tested.  This  is  particularly  true 
where  a  refractor  is  used.  In  this  case 
changing  the  position  of  the  lamp  would 
change  the  distribution  curve,  causing  the 
maximum  candlepower  to  come  in  an  entirely 
different  position  than  was  intended  and 
change  the  readings  on  the  street.  The  cur- 
rent flowing  through  the  lamps  may  also  be 
high  or  low,  due  to  the  temporary  fluctua- 
tions which  are  well  known  on  any  external 
circuit.  For  this  reason,  the  central  station 
should  notify  the  man  at  the  switchboard 
to  note  current  conditions  during  the  time  of 
the  tests,  so  that  proper  corrections  can  be 
made  for  any  variations. 

Persons  inexperienced  in  photometry  very 
frequently  try  to  run  street  lighting  tests  and 
the  personal  error  in  reading,  coupled  with 
the  inherent  error  in  a  portable  photometer, 
may  cause  a  wide  variation  from  the  true 
reading.  In  comparing  the  performance  of 
several  units,  due  consideration  must  be 
given  to  the  reflection  from  buildings,  shadows 
from  trees,  and  the  condition  of  the  road 
surface.  Important  decisions  should  not  be 
rendered  on  street  tests  run  with  a  portable 
photometer,  but  should  be  based  on  laboratory 
where  exact  conditions  may  l>e  noted. 


Lamps  and  Specifications  for  Street  Lighting  Con- 
tracts 

It  is  highly  important  that  proper  care  be 
taken  to  insure  high-grade  service  to  the 
municipality.  The  street  lighting  service  of 
the  utility  is  always  in  the  eye  of  the  public 
and  is  an  index  of  the  service  for  other  classes 
of  lighting.  Serious  misunderstanding  and 
disagreement  have  often  resulted  from  in- 
complete, inaccurate,  or  indefinite  specifi- 
cations of  street  lighting  units;  therefore 
considerable  forethought  should  be  exercised 
in  the  preparation  of  street  lighting  contracts. 

One  of  the  first  points  to  be  noted  is  the 
necessity  of  differentiating  between  the  speci- 
fication of  a  light  source  and  of  a  street 
illumination.  Before  closing  a  contract  it  is 
well  to  determine  what  type  and  arrange- 
ment of  lamps  will  produce  the  desired  illumi- 
nation effect.  This  having  been  done,  the 
specification  should  be  drawn  to  describe  as 
simply  as  possible  the  lamps  and  the  lamp 
fixture  equipment  to  be  furnished,  and  the 
number  of  hours  per  year  and  per  night  they 
should  be  operated.  Sometimes  it  is  advisable 
also  to  specify  the  form  of  current  supply  to 
be  furnished;  i.e.,  whether  alternating  current 
or  direct  current,  series  or  multiple.  In 
general,  however,  such  specifications  should 
be  omitted,  as  imposing  unnecessary  limita- 
tions. Provision  should  be  made  for  locating 
the  lighting  units,  but  any  attempt  to  prescribe 
actual  illumination  in  the  street  will  only 
complicate  the  contract  and  introduce  indeter- 
minate questions. 

Individual  lamps  are  bound  to  vary  either 
above  or  below  their  rating.  Where  Mazda 
C  or  gas-filled  lamps  are  considered,  the  true 
horizontal  candlepower  value  is  difficult  to 
obtain,  even  in  a  laboratory,  except  with 
proper  apparatus  in  the  hands  of  experienced 
photometrists  familiar  with  the  lamp  char- 
acteristics. Furthermore,  the  horizontal 
candlepower  is  not  as  fair  a  measure  of  the 
lighting  power  as  is  the  mean  spherical  candle- 
power  or  the  lumens.     If  tests  are  made  on 
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these  lamps  installed  on  the  streets,  results 
may  be  obtained  that  are  inconclusive  and 
offer  no  true  criterion  as  to  actual  perform- 
ance. The  plane  at  which  the  measurements 
may  be  made,  relative  to  the  axes  of  the  coils 
of  the  filaments,  affects  the  readings  and 
sometimes  to  a  considerable  extent.  It  is  not 
advisable  to  rotate  these  lamps  to  get  the 
average  horizontal  candle-power  around  a 
lamp,  because  it  materially  affects  the  con- 
vection of  the  heat  by  the  gas  in  the  lamp, 
and  this  in  turn  will  cause  the  candlepower  of 
the  lamp  to  vary. 

It  therefore  appears  that  the  most  logical 
way  today  to  specify  series  M  azda  lamps  in  a 
street  lighting  contract  would  be  to  rate 
them  in  mean  spherical  candlepower  or 
total  lumens  (the  total  flux  of  light),  with- 
out reference  to  watts,  volts,  or  other  electri- 
cal unit  terms.  The  mean  spherical  candle- 
power  of  a  series  lamp  can  be  very  readily 
determined  in  a  photometric  sphere  with  the 
lamp  kept  stationary,  and  is  a  much  more 
accurate  measure  of  the  light  emitted  by  a 
lamp  than  the  candlepower  at  any  particular 
angle  or  direction. 

Where  multiple  Mazda  lamps  are  used  for 
street  lighting,  the  fact  that  the  lamps  are 
rated  in  watts  and  are  so  specified  in  the  con- 
tract eliminates  practically  all  difficulties  in 
the  fulfillment  of  a  contract,  because,  while 
there  may  be  manufacturing  variation  in  in- 
dividual lamps,  any  increase  in  efficiency 
of  the  lamps  does  not  affect  the  wattage,  the 
candle-power  or  the  total  light  flux  being 
increased.  However,  where  multiple  lamps 
are  used,  it  is  necessary  to  specify  in  some 
manner  that  the  lamp,  when  installed,  repre- 
sents the  latest  product  at  the  particular  time 
of  its  manufacture. 

Arc  lamps  for  street  lighting  are  designated 
first  by  their  type:  open  carbon,  enclosed 
carbon,  flame,  luminous  or  magnetite  arc. 
They  are  rated  next  for  the  type  of  circuit 
upon  which  they  are  to  operate:  overhead  or 
underground.  Then  follows  the  circuit  cur- 
rent and  the  wattage  of  the  lamp.  For 
example,  a  luminous-arc  lamp  is  available 
in  three  sizes:  4-amp.,  310-watt;  5-amp., 
388-watt;  and  6.6-amp.,  520-watt.  This 
method  of  holding  constant  the  current  and 
wattage  rating  is  advantageous  to  the  munic- 
ipality since  it  permits  them  to  secure  the 
increased  illumination  which  results  from  the 
development  of  more  efficient  carbons  for 
electrodes. 


,    T1"  '"  fixture  equipment  should 

be  more  or  less  definitely  specified,  bu1 
ns  should  not  always  be  enfi 
igidly  in  this  respect.     Improved  equip- 
ment,   thai    it    mighl    be   very   desirable   to 
utilize,  may  become  available  during  the  term 
of  a  contract. 

A     tr©  t    lighting  contract  musl 
make  allowance  for  variation  in  the  manu- 
facture ol    lamps,   but  also  for  thi 
depreciation   of   the   lamps   throughout   life. 
Lamp    manufacturers    are 
their  utmost  to  narrow  the  limits  of  van 
from  the  nominal  ratings  of  lamps,  but  the 
problem  is  difficuU  and  highly  technical  i 
character. 

In  regard  to  deduction  i  for  outages,  it  is 
quite  within  reason  that  the  central  station 
should  be  eiven  sufficient  notice  to  rep 
a  defective  lamp  before  deductions  are  made. 
Incandescent  lamps,  no  matter  how  well 
patrolled,  fail  without  warning  and  are  lamp 
electrodes  may  burn  out  prematurely.  A 
patrolman  may  have  observed  the  lamps  on  a 
street  to  be  burning  satisfactorily  and 
immediately  after  leaving  it  one  or  even  two 
lamps  may  fail.  If  a  lamp  fails,  the  central 
station  should  not  he  deemed  liable  to  a 
deduction  if  it  is  replaced  within  21  hours,  or 
such  a  period  as  to  allow  a  reasonable  tin 
discover  the  outage. 

Comparisons  of  prices  charged  in  various 
cities  for  apparently  similar  service  are  apt 
to  lead  to  erroneous  conclusions,  unless  all 
the  local  circumstances  are  known  and  given 
full  consideration. 

It  is  fairly  safe  to  assume  that  when  a 
contract  specification  is  so  drawn  that  it 
correctly  defines  the  character  of  the  unit, 
the  amount  of  light  emitted  from  the  lamp, 
deductions,  etc.,  and  at  the  same  tune  allows 
for  improvements  in  the  art,  such  a  specifi- 
cation is  of  real  value  to  a  city  as  a  guide  and 
relieves  the  officers  of  the  operating  company 
of  much    anxiety   and   suspense. 

A  factor  that  tends  greatly  toward  the 
satisfactory  fulfilment  of  a  street  lighting 
contract  is  the  spirit  of  good  will  existing 
between  the  parties  to  the  contract.  The 
creation  of  such  sentiment  is  advantageous 
in  all  business  dealings,  hut  is  particular]-  - 
where  street  lighting  contracts  are  cone, 
that  often  necessarily  have  to  be  drawn  up 
in  a  manner  more  or  less  flexible  as  to  their 
interpretation.  It  is  fully  as  important  to  live 
up  to  the  spirit  as  to  the  letter  of  the  contract. 
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Street  Lighting  Distribution  Systems 

By  E.  B.  Meyer 
Assistani  Chu  i   Engineer,  Public  Service  Electrk   Company,  Newark,  X.  J. 

The  questions  that  arise  in  connection  with  the  problem  of  installing  distributing  circuits  for  street  lighting 
are  ai...  in  this  article  by  Mr.  Meyer  who  is  an  authority  on  the  subject.      His  discussion  includes 

both  i:  might  multiple  systems,  for  while  the  series  system  for  both  arc  and  incandescent 

lighting  is  the  more  common  at  the  present  time  there  are  a  large  number  of  straight  multiple  systems  in 
operation.  The  detailed  information  which  he  furnishes  in  regard  to  the  various  installation  features  for  cir- 
cuits in  different  types  of  localities  should  prove  most  useful  to  those  who  arc  engaged  in  this  type  of  work. — 
Editor. 


Considered  from  a  distribution  standpoint, 

a  street  lighting  system  will  of  neeessity  follow- 
along  the  same  general  lines  as  the  system  in 
r  commercial  lighting  and  power  service 
and  will  lie  dependent  to  a  large  degree  on  the 
station  equipment  and  local  practice. 

The  investment  necessary  to  supply  a  sys- 
tem of  street  lighting  in  many  cases  is  such 
that  the  utility  company  for  financial  reasons 
must  confine  itself  to  an  overhead  system. 
except  where  there  is  an  extensive  installation 
of  park  or  boulevard  lighting,  or  where  a  com- 
plete underground  system  already  exists. 

The  extension  of  street  lighting  to  districts 
such  as  newly  developed  residential  sections, 
streets  or  roads  in  sparsely  settled  districts. 
or  small  isolated  areas  has  brought  to  the  fore- 
front the  necessity  of  considering,  under  pre- 
vailing conditions,  such  additions  independ- 
ent of  and  possibly  by  some  means  entirely 
different  from  the  existing  street  lighting 
ms  in  the  more  or  less  congested  dis- 
tricts: 

While  the  series  system  is  the  most  common 
in  this  country  for  both  arc  and  incandescent 
lighting,  there  are  however  a  large  number  of 
straight  multiple  systems  in  operation.  Sev- 
eral of  the  large  cities,  notably  New  York. 
operate  on  a  straight  multiple  system  because 
of  the  advantage  of  confining  the  service  to 
the  low-tension  Edison  current. 

While  local  and  economic  conditions  are 
factors  which  determine  the  choice  of  a  sys- 
tem, consideration  is  being  given  more  and 
more  to  the  possibility  of  utilizing  the  exist- 
ing commercial  mains  for  street  lighting  from 
both  the  alternating-current  single-phase  22  » i- 
volt  form  of  distribution  and  the  low-tension 
direct-current  or  alternating-current  net  work. 

On  a  series  system  the  number  of  lamps  is 
usually  limited  so  as  not  to  exceed  5,000  volts 
on  a  circuit.  This  is  especially  desirable  on 
open  wire  lines  which  run  through  trees  and 
on  business  streets  where  grounds,  breaks,  or 
>  with  other  wires  are  apt  to  occur. 
Care  must  be  taken  to  provide  insulation  for 
at  least  twice  that  voltage,  as  a  ground  on 


any  part  of  the  line  may  incn 
from  50  to  100  per  cent. 

In  Fig.  1  is  shown  a  typical  installation  of 
a  street  lamp  mounted  on  a  pole  fed  from  a 
overhead  system.  For  installations 
of  this  character  it  is  considered  standard 
practice  to  use  a  No.  ti  weatherproof  wire 
although  No.  8  is  also  extensively  used.  The 
former  size  is  adopted  only  on  account  of  its 
additional  mechanical  strength.  The  series 
lighting  wire  is  usually  found  on  the  end  pins 
of  the  arms.     There  are  two  reasons  for  this 


Fig.  1.      Aerial  L 


Lamp  Bracket 


construction:  one  is  that  the  street  lighting 
wire  is  generally  the  first  circuit  on  the  pole 
and  is  set  out  on  the  end  of  the  arm ;  the  other 
is  to  keep  it  at  a  safe  distance  from  the  pole 
where  transformers  or  other  apparatus  may 
be  located. 


STREET  LIGHTING   DISTRIBUTION  SYSTEMS 


In  bringing  the  wire  from  the  pin  to  t he- 
lamp  the  wires  are  run  along  the  arm  to  tin- 
pole  and  down  the  pole  to  the  lamp  bracket 
on  insulators.  If  a  long  boom  is  used  the 
wire  is  hung  from  an  insulator  at  the  pole  end 
of  the  boom  to  the  lamp  fixture.  Here  it 
usually  terminates  in  an  automatic  short 
circuiting  cutout.  This  cutout  consists  of  a 
spring  device  which  short  circuits  the  lamp 
whenever  it  is  lowered  from  the  boom  and 
again  properly  connects  it  to  the  circuit  when 
the  lamp  is  pulled  up  in  position. 

In  Fig.  2  is  shown  a  standard  method  used 
by  a  large  central  station  company  for  arc 
lamp  suspension.  Duplex  No.  8  flexible  lamp 
cable  is  used  from  the  rain  loop  at  the  open 
wire  and  run  through  insulators  down  the 
pole  to  the  cutout  mounted  at  the  end  of  the 
iron  pipe  boom. 

In  underground  systems  a  No.  8  wire  is 
generally  used,  insulated  with  rubber,  paper, 
or  varnished  cambric  tape  and  covered  with 


Fittings  and  Standard  Parts  for 
Arc  Lamp  Suspension 

a  lead  sheath.  Some  companies  do  not  sheathe 
their  rubber  insulated  cable  of  this  type,  but 
use  a  triple  braid  instead.  It  is  good  practice 
to  run  a  duplex  cable  from  the  station  or  sub- 
station to  the  first  lamp.  If  the  lamps  are 
located  at  reasonably  short  distances  apart, 
a  single-conductor  cable  may  be  used  to  feed 
each  lamp  and  in  this  manner  eliminate  the 


ould  otherwise  be  nei  • 

il    mi.,  il..-  duplex  cable,     Bj    u 
multi-conductor  cable  where  tin-  numb, 
vacant  ducts  is  limited,  sevi  may 

be  broughl  ou1   tie  duct  from 

in  a  distributing  point. 


The  necessity  for  a  safe  and  inexpensive 
underground  system  in  many  of  our  small 
cities  or  towns  and  for  parks,  play-grounds, 
and  boulevards  of  larger  cities  has  brought 
about  a  great  demand  for  steel  tape  cable. 
This  cable  is  made  in  various  sizes  and  is 
adapted  for  any  voltage.  The  conductors  are 
insulated  with  a  rubber  compound  and  taped. 
After  the  required  number  of  conductors  have 
been  laid  and  covered  with  jute  and  tape,  a 
lead  sheath  is  applied  and  t!-:e  whole  served 
with  jute  over  which  the  armor  is  then  applied 
This  usually  consists  of  two  layer  oi 
tape  over  which  is  applied  the  asphalt  and 
jute  which  serves  for  the  outside  or  final  layer. 

One  of  the  largest  installations  of  this  type 
of  cable  is  in  Central  Park,  New  York  City, 
where  it  is  used  for  street  and  park  lighi  ing 
Installations  such  as  this  have  been  in  service 
in  this  country  for  a  number  of  years  and 
have  operated  very  satisfactorily.  The  cable 
is  usually  laid  about  one  foot  deep  in  a  trench 
of  spade  width  as  illustrated  in  Figs.  '■>  and  I. 
No  reinforcement  or  protection  is  provided 
except  at  street  crossings  and  roadways  where 
there  is  apt  to  be  heavy  traffic.  In  such  places 
it  is  customary  to  ran  the  cable  through  an 
iron  pipe  or  other  suitable  protective  cover- 
ing. Where  the  ground  is  sufficiently  level 
the  cable  may  be  laid  from  the  reel  mounted 
on  a  pair  of  wheel 
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No  made  in  the  cable  as  it   is 

usually  looped  in  through  the  various  lamp 
posts.     Terminal  blocks  arc  provided  in  the 

Stei  pro  if  and  ,■ 

pri  k  if  may  be  laid  jusl  deep  ei  .  irevent 

accidental    d  n    injury.      Where    the 

usual 

;  he  cable  i  close 

curb  just  beneath  the  paving.     Where 

the  street  is  paved  with  brick,  granite  block, 

■■■   otl    -   fi  >rn  -    i  :    improv  ed   paving, 


the  installation  simply  requires  the  removal 
of  one  or  two  rows  of  paving  material  and  the 
cable  is  then  laid  several  inches  below  the 
pavement,  and  the  paving  replaced. 

Another  method  is  to  remove  one  course  of 
brick  or  block  next  to  the  curb,  lay  the  cable, 
and  cover  it  with  concrete  to  the  pavement 
level.  This  method  may  also  be  used  with 
asphalt  or  macadam,  a  shallow  groove  being 
chopped  away  and  the  groove  filled  flush 
with  concrete.  In  cither  of  these  cases  the 
ughl  up  to  the  lighting  post,  either 
under  the  curbing  or  through  it.  and  up 
through  a  hole  in  the  sidewalk. 


When  ob  tractions  of  any  kind  are  encoun- 
M  the  trench,  the  cable  is  pulled  under 
or  around  the  obstacle.  Where  the  light 
standards  can  be  sel  upon  concrete  walks  no 
other  footing  is  necessary.  The  base  can  be 
set  on  the  walk,  holes  marked  and  drilled, 
and  the  Eoundation  bolts  set  in  head  down, 
bedded  in  lead,  sulphur,  or  grout.  A  hole 
for  the  cable  is  drilled  through  the  walk  and 
another  through  or  under  the  curb.  The 
cable  is  brought  up  through,  the  standard 
set  over  it  and  bolted  in  place. 

When  there  is  no  cement  walk,  or  where 
the  concrete  is  not  strong  enough,  it  will  be 
necessary  to  build  a  concrete  base  or  put  in  a 
cast-iron  sub-base  for  the  lamp  standard. 

In  a  conduit  system  of  distribution  for 
street  and  parkway  lighting,  tile,  fibre,  and 
stone  ducts  have  been  used,  and  while  there 
is  some  difference  of  opinion  among  engineers 
as  to  which  type  of  conduit  is  most  suitable 
tile  and  fibre  ducts  seem  to  be  most  generally 
used.  Fibre  conduit  in  recent  years  has  come 
int"  general  favor  and  at  present  is  standard 
construction  and  used  successfully  by  a  num- 
ber of  the  large  utility  companies. 

In  some  locations  stone  pipe  is  being 
employed  to  advantage,  and  its  cost  compares 
favorably  with  that  of  tile  and  fibre  conduit. 

In  large  cities  the  arrangement  of  street 
lighting  laterals  is  a  matter  of  importance 
because  it  forms  a  large  part  of  the  under- 
ground investment.  A  single  conduit  system 
with  street  lighting  service  connections  is 
shown  in  Fig.  5.  In  some  cases  it  is  advisable 
to  install  duplicate  conduit  lines  in  the  same 
street,  as  illustrated  in  Fig.  6,  one  conduit 
consisting  of  a  sufficient  number  of  ducts  to 
carry  all  the  main  cables,  and  the  other 
usually  consisting  of  about  four  ducts  on  the 
opposite  side  of  the  street  for  distribution. 

The  desirability  of  installing  duplicate  con- 
duits depends  entirely  upon  local  conditions 
and  the  width  of  the  street.  With  the  dupli- 
cate conduit  system  the  lighting  sen-ice  or 
lateral  connections  are  usually  of  a  shorter 
length  than  in  the  single  conduit  system  and 
the  service  holes  are  placed  about  100  ft.  apart. 

Still  another  system,  which  is  similar  to  the 
duplicate  conduit  system,  is  to  provide  cross- 
ings at  each  distribution  hole  from  which  the 
service  connections  and  street  lighting  laterals 
are  run. 

In  many  suburban  districts  what  is  com- 
monly known  as  the  "sidewalk  system"  of 
distribution  is  used.  The  conduit  is  laid 
in  the  grass  plot  between  the  curb  and  the 
sidewalk  with  hand  holes  convenientlv  located 
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from  which  the  lateral  pipes  lead  to  the 
lighting  standards.  The  type  of  hand  holes 
used  in  this  system  is  illustrated  in  Fig.  7. 
Sometimes  pull  boxes  are  laid  below  the 
sidewalk  level,  their  exact  location  being  kept 
so  that  they  may  be  accessible  in  case  of 
trouble.  The  box  shown  in  Fig.  7  is  well 
adapted  to  this  type  of  construction. 

The  duct  may  be  either  of  fibre  or  iron  pipe, 
the  fibre  duct  being  considerably  cheaper  than 
the  iron  pipe.  It  is  not  necessary  to  lay  tin- 
duct  in  concrete  and  a  special  sleeve  may  be 
employed  which  has  sufficient  strength  to 
insure  proper  alignment  of  the  duct  during 
the  refilling  of  the  earth. 

Several  methods  are  employed  to  carry 
the  underground  circuit  along  the  street  but 
the  most  common  is  by  running  lateral  pipes 
from  the  manholes  to  the  individual  poles. 
In  cases  where  the  lateral  pipe  terminates  in 
the  base  of  an  iron  pole,  a  cutout  is  installed. 
There  are  a  number  of  type's  of  cutouts  made, 
all  of  which  operate  on  practically  the  same 
principle,  i.  e.,  a  switch  to  short  circuit  the 
incoming  wires  when  the  lamp  is  cut  out. 
Some  of  these  switches  operate  in  oil.  They 
should  be  insulated  from  grounds  for  at 
least  twice  the  line  voltage.  From  the  cutout 
to  the  lamp  or  lamp  compensator,  a  duplex 
rubber  and  braid  cable  is  often  used.  This 
cable  is  heavily  insulated  to  ground  but  it  is 
not  necessary  to  have  between  conductors 
much  more  insulation  than  that  required  for 
the  lamp  voltage. 

In  cases  where  it  is  not  advisable  to  have 
the  full  line  voltage  impressed  on  the  leads 
running  up  through  the  pole,  a  series  trans- 
former is  installed  in  the  base  of  the  pole  to 
transform  to  the  voltage  and  current  required 
by  each  individual  lamp.  The  use'  of  these 
transformers  has  been  adopted  as  standard 
practice  by  several  companies  on  their  under- 
ground distribution  systems  where  iron  poles 
are  used  as  lighting  poles.  The  transformers 
are  enclosed  in  a  steel  casing,  weather  and 
waterproof  and  may  be  used  on  poles,  in  man- 
holes, or  even  buried  in  the  ground  at  the 
base  of  a  pole.  They  will  operate  on  short 
circuit  for  an  indefinite  time  without  danger 
of  overheating.  With  them  it  is  possible  to 
use  high-efficiency  series  lamps  where  high 
potential  is  undesirable.  It  is  not  necessary 
to  use  a  cutout  in  addition  to  this  transformer 
and  the  expense  of  heavy  insulation  to  and  in 
the  pole  is  saved.  No  film  cutout  is  required 
as  each  lamp  is  independent  of  the  others 
in  the  circuit.     The  transformer  also  has  the 


advantage  of  limiting  the  cut 
when  surges  occur  mi  tl< 

With  the  use  of  another  typ  trans- 

r.  it  is  possible  to  operate  a  low-poten- 


Fig.  5.     Single  Conduit  System  Showing  Manholes.  Service  Holes  Laterals 
and  Street  Lamp  Connections 


Fig.  6.      Double  Conduit  System  Showing  Manholes,  Service  Holes, 
Laterals,  and  Street  Lamp  Connections 


1 

i        ^ 

Fig.  7.     Conduit  System  of  Sidewalk  Distribution 

tial  series  circuit,  similar  to  a  loop,  in  connec- 
tion with  the  main  series  circuit.  This  trans- 
former has  a  one-to-one  ratio  and  is  used 
extensively  to  avoid  the  necessity  of  install- 
ing a  multiple  system.  Its  chief  advantage. 
however,  is  that  being  a  pan  of  the  main  cir- 
cuit all  lamps  on  the  secondary  circuit  come 
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on  at  the  same  time  as  those  on  the  main 
circuit  without  any  switches  or  other  appara- 
tus. It  is  used  chiefly  on  bridges,  safety 
islands,  in  alleys,  parks,  hou  where 

al  is  not  available  nearby, 
and  other  places  where  a  high  potential  is 
undesirable.  This  transformer  will  also 
operate  indefinite!}  on  short  circuit. 

In  routing  series  circuits  the  best  practice 

is  to  run  oi  of  the  circuit  on  each 

street   so  far  as  prai  ticable  in  order  to  save 

<  In   certain   lines   it    will   not   always 


near  the  top  so  as  to  make  it  top  heavy, 
should  he  designed  to  harmonize  with 
surrounding  structures,  and  should  In- 
located  far  enough  back  from  the  curb 
to  avoid  interference  with  street  traffic. 
Enough  space  should  be  allowed  in  the  base 
of  the  pole  for  cutouts,  transformers,  or 
apparatus. 

As  an  aid  to  traffic  regulation  in  addition 
to  the  usual  street  lighting  of  high  intensity, 
there  is  a  new  field  of  lighting  in  the  illumina- 
tion of  busy  or  dangerous  street  intersections 


Fig.  8.      Traffic  Post  Installation 
Safety  Island  in  Busy  Section 
of  City  Street 


Special  Type  of  Post  Used  for 
"Silent  Policeman"  at  Street 
Intersection 


Fig.  10.      Combination   Ornamental    Iron 

Pole  Used  for  Trolley  Span  Wire 

and  Street  Lamp  Suspension 


be  possible  to  follow  this  arrangement  through- 
out, and  at  such  points  a  short  circuiting 
switch  can  be  installed  for  test  purposes  or 
for  cutting  out  parts  of  the  line  for  repairs. 

Iron  poles  in  all  cases  should  be  well 
grounded  either  to  a  driven  ground  or  to  the 
lead  sheath  of  the  cable  which  in  turn  should 
be  grounded  at  different  points  or  bonded  to 
Other  cables  in  the  manholes. 

There  are  many  different  styles  and  kinds 
of  ornamental  poles,  each  depending  chiefly 
on  the  ideas  of  the  local  authorities  and  the 
i  >|  lerating  company.  In  selecting  an  ornamen- 
tal iron  pole  there  arc  several  items  to  con- 
sider, among  which  is  safety  to  pedestrians 
in  case  the  pole  should  be  struck  and  break. 
The  pole  should  not  have  too  much  weight 


The  type  of  traffic  post  used  in  these  locations 
is  usually  of  a  simple  design,  such  as  illus- 
trated in  Figs.  8  and  9. 

The  adoption  of  a  combination  pole  for 
trolley  and  lighting  purposes  has  made  a 
great  improvement  in  the  general  appearance 
of  streets  as  the  pole  carries  lighting  and 
trolley  wires,  thus  decreasing  the  number 
of  poles  in  the  street.  Fig.  10  shows  a  stand- 
ard trolley  and  lighting  pole  adopted  by  one 
of  the  large  cities  of  the  East  in  which  the  old 
trolley  poles  and  some  of  the  lighting  poles 
were  removed  and  replaced  by  the  combina- 
tion pole.  The'  general  appearance  of  the 
street  is  much  improved  as  compared  with  its 
former  condition,  owing  to  the  decreased 
number  of  poles. 
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The  Luminous  Arc  Lamp 

By  R.  B.  Hussi 
Street  Lighting  Department,  Generai    Elei  rRK   Company 

The  author  traces  the  development  of  commercial  are  lamp 
to  the  modern  luminous  are  lamp  at  present  installed  in  oui  largi  imental  and  utilitarian  Hunting 

Essential  information  regarding  the  character  of  the  are,  types  oi  electrodes,  operating  feature!  and  the  quality 
of  light  as  relating  to  the  luminous  arc  lamp  are  discussed  in  detail  and  the  characteristics  of  the  lamp  which 
particularly  fit  it  for  street  lighting  are  pointed  out.— Editor. 


The  first  arc  lamps  manufactured  and  used 
for  street  lighting  were  the  so-called  open 
burning  carbon  arcs.  These  operated  on 
direct  or  alternating-current  circuits  and  were 
usually  connected  in  series.  The  electrodes 
were  made  of  hard  coarse  carbon  and  were 
usually  copper  plated  to  obtain  better  con- 
ductivity. The  arc  burned  in  the  open  air 
with  an  outer  globe  which  served  to  protect 
the  arc  from  the  wind  rather  than  to  provide 
diffusion  of  the  light.  This  type  of  lamp  was 
first  commercially  manufactured  about  L876 
and  held  the  arc  lighting  field  until  displaced 
by  the  so-called  enclosed  carbon  arc  which 
was  first  put  on  the  market  about  L895. 

In  this  lamp  the  arc  was  enclosed  in  a  small 
tightly  fitting  globe  so  that  the  arc  burned  in 
an  atmosphere  to  which  the  access  of  oxygen 
from  the  air  was  restricted.  On  this  account 
the  carbons  were  consumed  very  much  more 
slowly  and  the  arc  burned  more  steadily.  It 
became  necessary  to  use  carbons  of  a  better 
quality  but,  since  one  trim  would  last  about  ten 
times  as  long  as  with  the  open-arc  lamp,  the 
slight  difference  in  cost  of  the  carbons  was 
more  than  offset  by  the  smaller  number  re- 
quired and  the  reduced  labor  cost  of  trimming. 
Shortly  after  the  beginning  of  the  present 
century,  two  new  types  of  arc  lamps  came 
upon  the  market;  the  flame-carbon  arc  and 
the  metallic  or  magnetite  arc. 

The  former  used  instead  of  pure  carbon  a 
carbon  treated  with  various  metallic  salts 
which  evaporated  into  the  arc  and  produced 
an  arc  stream  of  high  luminosity.  In  order  to 
obtain  good  efficiency,  however,  a  large 
amount  of  these  salts  had  to  be  consumed  and 
the  life  of  a  single  trim  was  not  much  greater 
than  with  the  old  open  burning  carbon  arc 
although  the  efficiency  was  several  times 
greater.  This  lamp  was  later  superseded  by 
the  enclosed  flame-carbon  lamp  in  which  a 
similar  line  of  development  was  carried  out 
to  that  employed  in  developing  the  enclosed 
carbon  arc  from  the  original  open-carbon  arc. 
A  tightly  fitting  globe  was  provided  for  re- 
stricting the  access  of  oxygen  to  the  arc  and  a 


large  metallic  chamber  was  placed  just  above 
the  are  to  receive  and  condense  the  metallic 
oxides  which  wiiii Id  otherwise  condense  on  the 
globe  and  obstrud  the  light.    This  lamp 
number  of  reasons  did  not  lone  n  mam  a  , 
mercial  article. 


:  and  Tips  of  the  Electrodes  of  tr 

The  arc  rises  from  a  molten  pool  of  oxides, 
eads    out,    and    furnishes    all    the    light 
emitted  from  this  type  of  lamp 


The  only  form  of  arc  lamp  which  has  sur- 
vived through  the  developments  of  the  last 
four  decades  is  the  so-called  magnetite  i  <r 
luminous  arc  lamp.  It  was  first  put  on  thi 
market  about  1903  and  is  still  used  in  most 
of  the  larger  cities  throughout  the  United 
States.  Some  features  of  this  lamp  are 
entirely  distinct  from  other  arc  lamps  and 
it  may  be  described  somewhat  in  detail.  The 
upper  electrode  consists  of  a  rod  of  solid 
copper  which  is  relatively  non-consuming.  The 
lower  electrode  consists  of  a  mixture  of  various: 
metallic  oxides  packed  into  an  iron  tube  and 
it  is  this  electrode  that  furnishes  the  material 
for  maintaining  the  arc  and  giving  the  light. 
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the  case  of  the  Same  Lamp  it  is  the  arc 
stream  and  no1  the  tips  of  the  electrodes  that 
furnish  the  light.  Fig.  1  shows  the  appearance 
of  a  typical  arc  of  this  type.  It  will  be  seen 
that  the  arc  is  of  conical  shape,  the  point  of 
the  cone  being  on  the  lower  or  negative  elec- 
trode i  ling  up  to  the  upper  or  pos- 
itive electrode.  The  arc  consists  of  a  central 
core  of  a  pale  bluish  tint  surrounded  by  an 
envelope  of  intensely  white  light  and  this  in 
turn  surrounded  by  another  envelope  which 
is  yellowish  but  of  relatively  Low  Luminosity. 
The  cathode  spot  is  very  small  and  is  in  the 
center  of  a  pool  of  molten  oxides  as  may  be 
readily  seen  from  the  photograph. 

When  it  is  remembered  that  the  arc  stream 
alone  gives  the  light,  it  is  at  once  seen  that 
the  mechanism  of  the  lamp  must  be  designed 
in  an  cut  irely  different  manner  from  that  used 
with  the  carbon  arcs  where  the  electrode  tips 
furnish  a  large  proportion  of  the  light.  In 
the  open  and  enclosed  carbon  arcs  a  slight 
change  in  the  length  of  the  arc  made  but  little 
difference  in  the  light;  but  in  arcs  of  the  mag- 

type  the  intensity  of  the  light  emitted 
is  ri  »ughly  proportional  to  the  length  of  the  arc 
if  other  conditions  are  approximately  constant 
so  that  in  order  to  obtain  a  uniform  inten- 
sity it  is  essential  to  keep  the  arc  length  fixed. 
1  [i  iw  this  has  been  accomplished  in  the  design 
of  the  lamp  mechanism  may  be  understood 
from  the  following  brief  outline  of  the  cycle 
of  operation  of  this  lamp.  The  magnetite 
electrode  is  lifted  upward  toward  the  copper 
upper  electrode  by  means  of  a  pair  of  clutches, 
the  upper  one  lifting  the  holder  and  electrode 
and  the  lower  adjusting  the  arc  length,  the 
amount  of  movement  being  limited  by  an 
adjustable  stop.  Fig.  2  shows  the  mechanism 
of  one  of  these  lamps.  When  the  circuit  is 
closed,  the  large  starting  magnet  is  energized 
lifting  the  lower  electrode  into  forcible  con- 
tact with  the  upper.  When  the  current  flows 
through  the  electrodes  a  small  series  cutout 
operates  and  opens  the  circuit  through  the 
starting  magnet.  This  allows  the  lower  elec- 
trode to  slip  down  and  draw  the  arc.  The 
length  of  the  arc  is  determined  by  the  adjust- 
able stop  before  referred  to.  The  arc  then 
operates  at  this  fixed  length  until,  due  to  the 
consumption  of  the  electrode,  the  voltage 
across  the  arc  momentarily  rises  to  such  a 
value  that  the  shunt  coil  operates  to  close  the 
contact    and    repeat   the   starting    operation 

ablishing  the  arc  at  the  standard  length. 
Since  the  surface  of  the  lower  electrode  is 
melted  while  the  arc  is  burning,  it  is  necessary 
that   the  electrodes   remain  apart   when   the 


current  is  off,  otherwise  there  wouM 
of  the  electrodes  freezing  together. 

The  production  of  light  from  the  ma 
ite  arc  is  accompanied  by  the  formation  of 
metallic  fumes  which  if  permitted  to  con- 
dense on  the  globe  would  soon  obstruct  1 1n- 
light  so  that  some  means  must  be  provided 
fi  >r  removing  these  fumes  from  the  vicinity 
of  the  arc.  Since  these  hot  vapors  are  natu- 
rally carried  upward  by  convection  currents 


Fig.  2.     Luminous  Arc  Lamp,  Without 

Enclosing  Casing  and  Glassware, 

Showing  Mechanism  and 

Electrodes 


of  air.  a  central  chimney  with  the  lower  end 
surrounding  the  upper  electrode  serves  as  the 
simplest  means  of  disposing  of  these  fumes. 
This  chimney,  which  also  forms  a  central 
support  for  the  lamp  mechanism,  provides 
sufficient  draft  so  that  variations  in  external 
air  currents  do  not  greatly  affect  the  arc  As 
with  most  arcs,  there  is  a  considerable  rec- 
tifying effect  so  that  operation  on  alternat- 
ing-current circuits  is  not  practicable. 

The  negative  electrode  supplies  the  material 
for  maintaining  the  arc  and  necessarily  deter- 
mines the  efficiencv  of  the  entire  unit.     Much. 
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time  and  money  have  been  pent  upon  the 
development  of  this  electrode  and  the  present 
commercial  electrodes  are  the  result  of  a 
number  of  experiments  and  painstaking  work 
on  the  part  of  the  laboratories.  The  name 
"magnetite  arc"  is  derived  from  the  fact  that 
the  common  magnetic  oxide  of  iron  known  as 
"magnetite"  has  been  used  as  the  base  of  this 
electrode.  This  material  is  particularly 
desirable  for  the  purpose  since  it  is  a  good 
electrical  conductor  at  all  times,  is  reasonable 
in  cost  and  does  not  consume  rapidly.  On 
the  other  hand  it  gives  off  very  little  light  of 
itself.  After  experimenting  with  a  large  num- 
ber of  metals  and  various  compounds,  it  was 
found  that  titanium  in  some  form  would 
give  a  greater  luminous  efficiency  than  any 
other  available  material.  The  oxide  or  other 
form  of  titanium  alone  gives  a  very  brilliant 
arc  of  excellent  color  but  the  fused  oxide  which 
is  at  once  formed  is  non-conducting  when 
cold,  and  the  arc  though  bright  is  unsteady 
and  the  life  short.  A  mixture  of  titanium 
oxide  with  magnetite  together  with  a  small 
amount  of  chromium  oxide,  which  gives  an 
added  steadiness,  produces  an  electrode  that 
can  be  burned  with  excellent  efficiency  and 
at  the  same  time  is  reliable  and  gives  a  reason- 
ably long  life. 

In  the  manufacture  of  these  electrodes 
the  greatest  attention  must  be  given  to 
the  purity  of  the  materials  as  a  very  small 
amount  of  impurity  will  seriously  reduce 
the  efficiency  of  the  arc.  The  metallic  ores 
as  received  from  the  mines  are  carefully 
crushed,  cleaned  by  means  of  a  magnetic 
separator,  and  then  run  over  a  water-table 
such  as  is  used  in  mining  work  so  that  the 
resultant  material  shall  be  as  pure  as  possible. 
Each  lot  is  then  carefully  sampled  and  ana- 
lytical tests  made  to  determine  its  metallic 
content.  The  different  ingredients  are  care- 
fully weighed  out  and  ground  together  in  a 
ball  mill  to  the  degree  of  fineness  that  has 
been  shown  by  experiment  to  give  the  best 
results.  It  is  interesting  to  note  that  while 
the  materials  will  pack  well  when  the  bulk  of 
the  material  is  at  a  certain  degree  of  fineness, 
a  greater  compactness  can  be  obtained  when  a 
certain  proportion  of  it  is  somewhat  coarser  and 
the  remainder  somewhat  finer,  that  is,  the  in- 
terstices can  be  filled  better  than  when  the 
material  is  all  of  the  same  fineness.  In  order  to 
meet  the  varying  demands  of  central  stations, 
two  standard  mixtures  have  been  developed  and 
placed  upon  the  market,  known  as  the  "long- 
life  ' '  and  the ' '  high-efficiency ' '  electrodes.  The 
high-efficiencv    electrodes    give    considerably 


inure  light  than  the  long-life  electrode 

He  in., re  rapidly.  Quite  recently  a  new 
electrode  has  been  made  using  the  same  com- 
positions as  the  older  electrodes  but  by  the 

use  of  a  tremendous  pressure  a  considerably 

larger  amounl  of  material  is  compn 

1 1n-  same  space  so  that  a  1,  mger  lite  is  obtained 

withoul   sacrificing  any  of  the  luminous  efti- 

ciency.     Tin 

sizes  and  length  ith  the  diffei 

types  of  lamps. 

The  magnetite  arc  operates  satisfact- 
only  on  dired  currenl  circuits.     When  these 
lamps  were  first  put  mi  the  market  they 
operated    on    the    old    carbon-arc    ciri 
from  Brush  arc   generators;   but   later  there 
was    developed    Eor    their    use   a    combined 
constant-current   transformer   and   mercury- 
arc  recti  tier. 

A  point  that  should  not  be  lost  sight  of  in  a 
lighting  system  is  its  reliability  "i  operation. 
It  is  most  essential  that  the  lighting  of  si 
be  uninterrupted  and  the  failure  of  any  lamp 
to  operate  is  a  serious  matter.  The  safety 
of  the  public  may  be  greatly  affected  if  lamps 
in  certain  sections  are  not  burning.  It  is  here 
that  the  luminous  arc  lamp  presents  an 
desirable  feature.  These  lamps  and  elec- 
trodes have  been  developed  to  such  a  point 
that  the  central  station  can  count  with  a  high 
degree  of  accuracy  on  the  life  of  the  electrodes 
and  arrange  its  trimming  schedule  so  that 
electrodes  will  give  their  full  life  and  at  the 
same  time  not  have  any  lamp  burn  out.  The 
outage  of  the  lamps  for  other  reasons  than 
burned  out  electrodes  is  very  small.  The 
total  outage  from  all  causes  over  a  considera- 
ble period  of  time  is  frequently  less  than  one 
fourth  of  one  per  cent. 

The  first  type  of  luminous  arc  lamp  was  a 
pendant  or  suspended  lamp  operated  on  a 
4-amp.  circuit  taking  about  7">  or  Ml  volts  or 
310  watts  and  with  a  life  of  about  200  hr 
per  trim.  This  type  of  lamp  is  still  used  in 
many  cities  and  towns  throughout  the  coun- 
try. With  the  demand  however  for  a  large 
unit  there  was  developed  another  lamp  of 
similar  design  for  operation  on  circuits  oi  6.6 
amp.  and  taking  aboi 
the  4-amp.  lamp  (75  to  80  volts;  528  wa 
Later,  an  intermediate  size  was  made  for  cir- 
cuits of  5  amp. 

About  1910  the  firsl  installation  of  orna- 
mental luminous  arc  lamps  was  made  in  the 
city  of  New  Haven,  Conn.  In  this  case  the 
mechanism  was  placed  beneath  the  are  instead 
of  above,  as  in  tl 
The  essential  features  of  the  mechanism  how- 
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Fig.  3.     State  Street,  Schenectady.  N.  Y.,  Illuminated  by  Ornamental  Luminous  Arc  Lamp- 


Fig.  4.      Fifth  A\enue.  Pittsburgh  Pa..  Illuminated  by  Ornamental  Luminous  're  Lamps  Mounted  on  Trolly  Pole 
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ever  remain  the  same.  The  Lower  electrode 
is  fed  up  against  the  copper  upper  electrode 
in  the  same  manner,  and  the  same  arrange- 
ment of  shunt  and  scries  cutouts  is  employed. 
The  first  lamp  used  a  large  one-piece  globe 
of  diffusing  glass  of  distinctive  shape.  This 
form  gave  satisfactory  results  both  as  to  its 
appearance  by  night  and  by  day  and  also  with 
regard  to  its  efficiency.  Later,  several  forms 
of  sectional  or  panel-type  globes  were  used 
to  obtain  more  ornamental  effects.  Among 
these  may  be  mentioned  the  spherical  sec- 
tional globe  designed  for  use  on  Pennsyl- 
vania Ave.,  Washington,  D.  C,  and  more 
recently  the  panel  type  such  as  is  used  in  San 
Francisco's  famous  "Path  of  Gold"  where 
the  desired  yellowish  tone  was  obtained  by 
the  use  of  specially  tinted  glass  panels. 

The  only  parts  to  require  regular  renewal 
are  the  two  electrodes,  and  of  these  the  upper 
or  copper  electrode  will  burn  from  2000  to 
0000  hours  depending  upon  the  type  and 
operating  current  so  that  the  principal  item 
of  renewal  is  the  lower  electrode.  Magnetite 
electrodes  are  made  in  large  quantities  so 
that,  in  spite  of  the  extreme  care  necessary 
in  their  manufacture,  their  cost  is  low.  The 
maintenance  cost  of  these  lamps  is  thus  seen 
to  be  exceptionally  low  and  this  fact  taken 
together  with  their  high  efficiency,  unexcelled 
color  of  light,  and  remarkable  reliability  of 
operation  has  made  and  kept  this  type  of 
lamp  a  most  important  factor  in  the  lighting 
of  American  cities. 

When  so  much  is  being  said  on  all  sides  with 
regard  to  efficiency,  it  may  be  of  interest  to 
note  that  the  luminous  arc  ranks  very  high 
in  this  respect.  Without  any  equipment 
except  a  clear  globe,  the  long-life  electrodes 
produce  from  11  to  IS  lumens  per  watt  and 
the  high-efficiency  electrodes  from  17  to  25 
lumens  per  watt.  As  with  other  illuminants 
there  is  an  unavoidable  loss  in  efficiency 
caused  by  the  reflectors,  refractors,  and  other 
equipment  used  for  redirecting  or  diffusing 
the  light. 

As  the  arc  burns,  there  is  a  slight  motion 
of  the  arc  across  the  electrode,  unavoid- 
able it  may  be  said,  but  which  may  _  be 
considered  an  asset  rather  than  a  liability. 
There  is  not  sufficient  variation  in  the  inten- 
sity to  result  in  a  flicker  but  just  enough  to 


orl    of   sparkle   or  animal 
light  which  only  serves  to  improve  the  ap] 
ance  ol  i  he  in  tallal  ion 

Owing  to  the  fad  that  the  light  is  in  the 
Qcil  with  its  axis 
vertical   the  natural  distribution  of  light  is 
excellent,  mailer   amount    i 

direction  than  with  the  old  carl/on  arc 
lamps  \\  here  I  he  electrode  tips  suppli 
light.      In    those    the    maximum    beam    was 
redirected  downward,  at  a  small  angli 

the  vertical  and  it  was  difficult  to  get  a  g 1 

distribution  withoul  i  see    i  i    lo       bu1   with 
the  luminous  arc  the  maximum  intensity 
or   nearly  at,   the    horizontal    and    it    is    only 
necessary    to    redirect    the   upward    rays   in 
order  to   get    the  i  ;ulfcs. 

With  the  oi 

this  is  not  done  in  many  cases  since  it  is 
desirable  to  obtain  a  good  intensity  on  the 
building  fronts.  In  high-grade  city  lighting 
of  either  the  "white-way"  or  "intei 
white-way"  type,  it  is  not  sufficient  merely 
to  illuminate  the  surface  of  the  road  but  con- 
siderable attention  must  be  given  to  the 
general  appearance  of  the  street,  building 
fronts,  etc.,  it'  the  1  »est  lighting  results  are  to  be 
obtained.  The  globes  and  equipment  used 
with  luminous  are  lamps  have  been  designed 
with  this  point  carefully  in  mind.  Globes  of 
a  large  size  in  a  single  piece  or  made  in  sec- 
tions of  high-grade  diffusing  glass  are  used 
so  as  to  obtain  the  desired  distribution  with 
a  low  intrinsic  brilliancy. 

Unique  among  commercial  illuminants  the 
luminous  arc  gives  a  white  light.  Upon  care- 
ful test  it  is  found  to  be  a  very  close  approxi- 
mation to  average  daylight;  a  little  wanner 
or  more  yellow  than  the  light  from  a  clear 
blue  sky,  a  little  colder  or  more  blue  than 
direct  sunlight,  and  nearly  the  same  in 
quality  as  the  diffused  light  from  white 
clouds  on  a  pleasant  day.  Tims  without 
any  color  correction  an  effect  is  obtained 
that  is  nearly  the  same  as  by  daylight,  and 
with  the  large  secondary  source  of  illumi- 
nation used  with  the  ornamental  type  of 
lamp  there  is  produced  a  soft  illumination 
that  everywhere  makes  a  distinctly  pleasant 
impression  and  lends  a  particularly  attractive 
appearance  to  a  street  lighted  by  luminous 
are  lamps. 
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Mazda  Lamps  for  Street  Lighting 

By  G.  H.  Stickney 

Edison  Lamp  Works,  General  Electric  Company 

imp  ■:  i .  1 1 1 1   pari  in  modern  street  lighting  and  many  of  the  problems 

panii     involve  matters  discussed  in  this  article.    The  author,  after 

tding  up  to  the  present  high-efficiency  Mazda  C  lamp,  desi 

and  eli.  the  ions  of  lamp  rating,  quality  of  light,  depreciation  in  service,  types  of  fixtures, 

■  u  tory  street  lighting,  are  considered  in  detail.      The  operating  characteristics 

■  la  lamps  on  the  standard  types  of  series  circuits  is  a  qui    tion  oi  vital  important    to  operating  officials. 

The  tei  to  serii     Mazda  C  lamps  is  tabulated  in  convenient  form  for  reference. — Editor. 

Historically,    the-    ini  lamp    for 

street  lighting  would  naturally  be  considered 
with  periods.     The  first 

ii  preceding  11)07,  that  is,  before  the 
advent  of  the  tungsten  filament.  The 
i  li lament  lamps  then  used  were  rela- 
tively inefficient  compared  with  the  arc  lamp, 
and  were  also  at  an  economic  disadvantage 
with  the  gas  mantle  lamp.  Consequently, 
the  principal  use  of  the  carbon-filament  was 
limited  to  the  occasional  need  for  small  sized 
lamps  along  arc  lighting  circuits. 

The  second  period  is  that  of  the  vacuum 
tungsten  lamp,  extending  from  1907  to  1914. 
During  this  time  the  incandescent  lamp  came 
into  extensive  use  in  those  classes  of  street 
lighting  where  small  units  were  desired. 
While  many  of  these  lamps  were  used  on  the 
standard  6.6  and  7.5-amp.  series  circuits,  the 
characteristics  of  this  type  of  lamp  favored 
lower  current  and  some  special  series  in- 
candescent lamp  circuits  were  established. 
The  vacuum  tungsten  lamp  however  did  not 
■  make  much  headway  in  those  classes  of  light- 
ing where  large  units  were  applicable. 

Following  the  development  of  the  Mazda  C, 
or  gas-filled  tungsten  lamp,  which  proved 
advantageous  throughout  the  range  of  sizes 
required  for  street  lighting,  this  type  of  lamp 
became  the  standard  for  most  new  instal- 
lations and  rapidly  replaced  the  carbon-arc 
installations,  which  were  then  extensively 
used.  The  economy,  flexibility,  and  con- 
\  enience  of  the  Mazda  C  lamp  enabled  it  to 
assume  the  leadership  in  all  classes  of  street 
lighting.  Today,  the  Mazda  C  lamp  admits 
bu1  one  competitor,  namely,  the  magnetite 
arc.  atid  that  only  in  a  limited  field  where 
high-power  units  are  used. 

It  is  with  regard  to  the  Mazda  C  lamp  and 
this  third  period  that  our  interest  is  at 
present  centered. 


Multiple  and  Series  Lamps 

Because  of  the  inherent  advantages  of 
series  arc  lamps,  practically  all  street  lighting 
was   established   with   series  circuits.      With 


the  small  sized  Mazda  lamps,  the  series  type 
has  some  advantage  with  regard  to  efficiencv. 
So  far  as  the  higher  power  lamps  are  con- 
cerned, there  is  little  difference  in  the  economy 
and  effectiveness  of  the  Mazda  C  series  and 
multiple  lamps.  The  choice,  therefore,  de- 
pends largely  upon  distribution  and  control 
problems. 

Practically  all  the  street  lighting  of  Man- 
hattan Borough  and  some  of  the  white-way 
lighting  in  other  cities  employ  multiple 
lamps.  However,  the  series  lamp  is  still  the 
general  standard  for  street  lighting  practice 
and  will  therefore  be  considered  especially 
in  this  article. 

Lumen  vs.  Candlepower  Rating 

Nearly  all  types  of  incandescent  lamps 
which  preceded  the  Mazda  C  lamp  approxi- 
mated the  same  ratio  between  the  mean 
spherical  and  mean  horizontal  candlepowers. 
Their  photometric  curves  were  very  similar 
and  spherical  reduction  factors  nearly  identi- 
cal. 

Partly  due  to  the  coiling  of  the  filament 
and  partly  to  the  various  forms  of  filaments 
required  for  different  sizes,  the  Mazda  C 
lamp  not  only  varied  from  its  predecessors 
in  respect  to  these  candlepower  relations  but 
had  different  distributions  for  different  sizes. 
Beyond  this,  lesser  variations  were  encoun- 
tered between  individual  lamps  of  the  same 
identical  class. 

Owing  to  these  conditions,  practical  lamp 
manufacturing  required  that  the  former 
practice  of  testing  lamps  for  mean  horizontal 
candlepower  be  discontinued,  if  a  satisfactory 
product  was  to  be  turned  out.  Under  the 
former  condition,  the  mean  horizontal  candle- 
power  had  been  a  fair  measure  of  lighting 
power,  since  it  bore  a  fixed  ratio  to  the  mean 
spherical  candlepower  and  therefore  to  the 
total  lumens.  (One  mean  spherical  candle- 
power  is  equivalent  to  12.57  lumens.) 

While  extreme  variation  in  the  distribution 
of  light  does  affect  the  lighting  value  of  a 
lamp,  the  total  flux  of  light  gives  a  much  truer 
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measure;  and  so  long  as  the  distribution  does 
not  vary  beyond  the  limits  so  far  encouni 
there  has  seemed  to  be  little  choice,  among 
the  several  distributions,  so  far  as  actual 
street  illumination  is  concerned.  The  natural 
and  fairest  thing  to  do  under  these  conditions 
would  be  to  test  and  rate  lamps  in  terms  of 
lumens  or  mean  spherical  candlepower. 

An  obstacle  to  this  practice  was  the 
existence  of  many  long  term  street  lighting 
contracts  in  which  lamps  were  specified  m 
mean  horizontal  candlepower,  so  that  there 
was  danger  that  a  change  in  the  method  of 
rating  would  lead  to  misunderstandings 
between  municipalities  and  central  station 
companies.  To  meet  this  situation,  an 
ingenious  expedient  was  adopted.  Since  the 
lumen  output '  of  the  Mazda  B  lamps  was 
slightly  less  than  ten  times  the  mean  horizon- 
tal candlepower,  it  was  certainly  fair  to  the 
purchasers  of  street  lighting  service  to  slightly 
increase  the  lumen  output  of  the  lamps  and 
to  test  Mazda  C  lamps  for  a.  lumen  output 
equal  to  ten  times  the  rated  candlepower. 
This  was  done  and  the  rating  retained  as  a 
nominal  horizontal  candlepower.  In  the  long 
run,  a  nominal  rating  is  not  likely  to  be  as 
satisfactory  as  one  which  indicates  the  actual 
performance  for  which  equipment  is  built. 

With  this  in  view,  and  in  the  belief  that 
sufficient  time  has  elapsed  to  stabilize  the 
situation,  the  lamp  manufacturers  have 
decided  to  rate  lamps  in  lumens.  For  the 
present,  the  nominal  candlepower  will  still 
appear  in  small  type  on  the  labels,  but  the 
ultimate  plan  is  to  drop  the  candlepower 
figures  entirely.  Under  this  arrangement, 
the  (iOO-candlepower  lamp  is  designated  as  a 
6000-lumen  lamp,  the  400-candlepower  lamp 
as  a  4000-lumen,  100-candlepower  as  1000 
lumen,  etc. 

Color  of  Light 

The  light  of  an  incandescent  lamp  con- 
tains a  higher  percentage  of  the  red  and 
yellow  rays  than  does  average  daylight.  It 
therefore  has  a  slightly  warm  or  yellow  tint. 
Each  advance  in  efficiency  of  incandescent 
lamps  brings  the  light  nearer  to  daylight  in 
color  value:  the  carbon  filament  light  was 
whiter,  if  we  may  use  the  term,  than  a  gas 
or  oil  flame  light;  the  gem  whiter  than  the 
carbon;  the  tantalum  whiter  than  the  gem; 
the  Mazda  B  whiter  than  the  tantalum;  and 
the  Mazda  C  whiter  than  the  Mazda  B. 
The  present  Mazda  C  lamp  is  still  several  steps 
away  from  daylight  color  value  and  there  is  a 
perceptible  warmth  or  yellow  tint  in  the  light. 


Thi 
is  the  most  desirable  color  of  light  for  street 
lighting.    So  far  as  ability  to  see  is  conci 
there  is  no  i 

between   while  and  the  warm  tints.'    Taste 
is  much  more  likely  to  lie  a  deciding  t. 
and  taste  varies. 

Some  people  expres  white 

light,    while   others    an 
wiih   yellow   tii 
I"']    ;  I  ,  ntuation  of  the  yellov 

is  more   plea  ing       A     an   exampli    o 
Mazda  C  lamps  are  now  equipped  with  yellow 
■!  'i"  eof  1  lie  most  farm 

i  ountry,  where  a  white  light 

was  considered  a  prime  essential.    Thi  n 
ii  seems  fair  to  conclude  thai  there  is  no  reason 
for  modifying  the  natural  color  of  the  light 
from  the  Mazda  ('  lamp,  except  win-re  • 
rative  taste  calls  for  a  special  i    ■ 

Depreciation 

All    artificial    illuminants    are    subject    to 
depreciation  of  01  i  another,  whi 

there  is  a  more  or  less  gradual  failing  off  in 
illumination  due  to  deca  giving 

element,  blackening  of  glassware,  or  accumu- 
lation of  dirt  on  the  outside. 

Dust  and  dirt  are  carried  in  the  air  and  will 
be  accumulated  wherever  air  currents  pene- 
trate.    When  these  accumulations  collect    on 
transmitting  glassware  or  reflecting  surfai  - 
they  result   in  loss  of  light   from   a 
Periodic    cleaning    of    all    exposed    lighting 
surfaces  is  necessary  wit  h  Mazda  la 
as  any  others.      With   large   fixtures   having 
sufficient  radiation  surfaces  to  insure  pn 
cooling,    it    is    sometimes    advantageous    to 
avoid  internal  ventilation  and  so  n  duci    din 
accumulation. 

The  inherent  depreciation  of  Mazda  lamps 
comes  from  the  slow  volatilization  of  tungsten 
from  the  filament,  and  its  condensation  as  a 
black  deposit  on  the  inner  surface  of  the  bulb 
The  reduction  in  cross  section  of  the  filament 
through  this  cause  slightly  increases  the 
resistance,  and  on  a  constant-current  series 
circuit  this  results  in  a  slight  tendency  of  a 
lamp  to  increase  both  in  wattage  and  effi- 
ciency, and  therefore  in  light  output.  On  the 
other  hand,  the  coating  is  a  light  absorber. 
Fortunately  this  coating  forms  more  in  the 
upper  part  of  the  Mazda  C  lamp,  rather  than 
opposite  the  filament,  so  that  the  absorp 
is  less  than  might  be  expected.  While  this 
inherent  depreciation  may  in  some  cas< 
as  high  as  20  per  cent,  it  averages  less  than 
10  per  cent  when  the  lamp  has  burned  its 
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natural  life  of  1350  hours.    In  fact .  1 1  ■ 

i     tests    have    shown     practically     nd 
depreciation  for  I 

There  is  of  course  no  practical  way  of 
removing  this  bulb  coating  without  destroy- 
in-,  the  lamp  The  cure  is  the  replacement  of 
lamp  by  a  new  one,  and  this  should  be 
done  as  soon  as  there  is  a  noticeable  blacken- 
ing of  the  bulb  opposite  the  filament.  There 
will  be  individual  lamps  in  which  the  black- 
ening is  faster  or  slower  than  normal.  It  is  a 
good  plan  to  inspect  lamps  periodically— 
for  example  when  cleaning — and  to  replace  all 
blackened  lamps.  Some  companies  make  a 
practice  of  replacing  all  lamps  after  a  certain 
period  of  burning,  sav  L500  hours.  They 
have  in  this  way  not  only  maintained  a  high 
standard  of  lighting,  but  also  have  eliminated 
a  large  proportion  of  the  outages.  This  is 
especially  advantageous  where  the  cost  of 
making  special  trips  to  replace  burned  out 
lamps  is  high,  or  where  there  is  a  high  penalty 
for  outage  of  individual  lamps. 

The  Mazda  lamp  probably  runs  more 
uniform  as  regards  initial  lumens  (or  candle- 
power)  output,  and  depreciation  through  life, 
than  any  other  artificial  illurninant.  Never- 
theless there  is  a  measurable  variation  be- 
tween individual  lamps,  although  the  writer 
has  never  seen  a  case  in  which  the  variation 
in  the  illumination  in  the  street  could  be 
observed  without  fairly  accurate  measuring 
instruments.  It  would  therefore  seem  that 
further  refinement  to  reduce  such  variation 
would  not  justify  its  cost. 

If  Mazda  lamps  are  properly  maintained, 
cleaned,  and  supplied  with  the  prescribed 
amperage,  they  may  be  relied  upon  to  deliver 
on  the  average  the  light  claimed  for  them  by 
the  manufacturers.  Beyond  the  foregoing 
factors  the  operator  has  no  control  over  their 
output,  although  we  occasionally  encounter 
laymen  who  have  an  impression,  to  the  con- 
trary. 

Fixtures 

The  functions  of  a  fixture  are  to  support 
and  protect  the  lamp,  modify  the  light  to 
meet  particular  needs,  and  provide  orna- 
mental appearance.  The  selection  of  the 
fixture  has  an  important  bearing  on  the 
effectiveness  and  efficiency  of  the  light  dis- 
tribution. A  variety  of  fixtures  suited  to 
the  demands  of  different  types  of  streets  is 
available. 

An  enclosing  fixture  more  or  less  retards 
the  dissemination  of  heat.  When  only  small 
sizes  of  lamps  were  available,  any  inn' 


fixture  was  almost  certain  to  carry  off  the 
heat  rapidly  enough  to  maintain  a  satisfactory 
operating  temperature.  Following  the  advent 
of  the  high-power  Mazda  C  lamps,  there  wer° 
developed  some  cheap  fixtures  of  light-weight 
materials  and  small  clearance  spaces  which 
caused  some  cases  of  overheating.  Now-a- 
days,  such  fixtures  are  seldom  found. 

We  do  occasionally  encounter  fixtures  in 
which  the  ventilation  arrangements  are  not 
such  as  to  exclude  rain  or  snow.  The  lam]) 
bulb  runs  wanner  when  enclosed,  and  is 
therefore  more  .usceptible  to  breakage  from 
cold  water  falling  upon  it.  There  have  been 
a  number  of  complaints  as  to  the  perform- 
ance of  Mazda  C  lamps  where  it  was  found 
that  the  failure  was  due  t<>  water  entering  the 
fixtures  and  falling  on  the  bulb.  Three  ways 
of  overcoming  this  trouble  are  as  follows: 

(1)  If  the  fixture  is  large  and  provided  with 
sufficient  radiating  surface  to  avoid  over- 
heating, the  ventilation  openings  may  be 
omitted  or  stopped  up.  This  has  the  further 
advantage  of  preventing  the  accumulation  of 
dust  on  the  interior  of  the  fixture.  In  this 
connection,  it  may  be  mentioned  that  some 
fixtures  have  been  tested  in  which  the  so- 
called  ventilating  openings  were  not  arranged 
so  as  to  produce  a  current  of  air  through  the 
fixture,  and  therefore  did  not  serve  to  cool  the 
lamp. 

(2)  Arrange  ventilating  openings  so  as  to 
effectively  prevent  entrance  of  snow-  or  rain. 
It  is  practically  impossible  to  prevent  entrance 
of  moisture  in  the  form  of  fog  or  mist,  so 
that  this  provision  may  not  be  entirely  effec- 
tive in  certain  locations. 

(3)  Arrange  the  interior  of  the  fixture  so 
that  any  water  entering  or  condensing  on  the 
walls  of  the  fixture  will  fall  clear  of  the  lamp. 
Drip  points  directly  above  the  lamp  should  be 
avoided,  or  a  shield  similar  to  an  umbrella 
may  be  suspended  beneath  them.  The 
umbrella  shield  has  been  found  effective  in 
correcting  the  trouble  in  improperly  designed 
fixtures. 

Straight  Series  vs.  Compensator  Lamps 

The  lower  power  Mazda  lamps  are  made 
for  operation  directly  in  series  on  the  line 
current,  usually  6.6  amp.  The  15,000-lumen 
( 1500-c.p.)  lamp  is  made  for  20-amp.  operation 
only;  the  4000-lumen  (400-c.p.)  lamps  are 
made  for  both  6.6  or  15  amp.;  the  6000-lumen 
(600-c.p.)  and  10,000-lumen  (1000-c.p.)  lamps 
are  made  for  6.6  or  20  amp. 

The  15  or  20-amp.  lamps  are  usually 
operated    from    6.6-amp.    circuits,    but    the 
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current  through  the  lamp  is  stepped  up  to  the 
rated  value  by  means  of  a  transformer  or 
compensator  (auto-transformer).  The  choice 
in  this  connection  almost  invariably  resolves 
itself  into  a  question  of  economy  and  instal- 
lation requirements. 

The  high-current  lamps  are  more  efficient 
and  so  even  with  transforming  losses  consume 
less  wattage  than  the  corresponding  straighl 
series  lamps.  On  the  other  hand,  the  trans- 
former or  compensator  means  additional  initial 
investment. 

Some  question  has  occasionally  been  raised 
as  to  the  relative  color  of  light  from  the 
straight-series  and  compensator-type  lamps. 


id   there  are  but 
very  few  circuits  now  in  use  which  do 
conform  to  this  practice      The  high-cu 
lamps  are  of  course  for  use  in  connect*  m  with 
:  mers  or  con 
_  Under  presenl  condil  lamps 

of  less  than    L0O0  lumens  is  seldom  justified 
En  these  sizes,  thi  o  umsso  large  a  pan 

of  tin  i  .  ice  that  any  savii 

through  the  use  of  smaller  lamps,  is  exceedingly 
small.     Ii  i  good  business  to  si 

the  greater  effectiveness  of  the  larger  lamp. 

Illuminating    engineers    who    have    given 
close   attention    to   street    lighting   prob 
have   persistently   recommended   the   use  of 


TABLE  I 
TECHNICAL    DATA   ON   STANDARD   MAZDA   C   LAMPS  FOR   SERIES  STREET   LIGHTING 

SERVICE 


Rated 
Initial 
Lumens 


Mean 
Lumens 
P'r  Cnt 
of    Aver. 
Initial 
Lumens 

Rated 

Initial 

Lumens 

per 

Watt 

Mean 
Lumens      Hours 
Per            Life 
Watt 

Screw       Overall      Center     P-ition        Std. 
BaSC        tt     »     Burn,nK        5& 


MAZDA 

C   LAMPS--6.6   AMPERES 

600 
800 
1000 

100 
100 
100 

12.2 
13.2 
14.0 

12.2 
13.2 

14.0 

13S0 
1350 

1350 

7.4 
9.2 
10.8 

49.2 
80.6 

71.4 

S-24  !  2 
S-24'-. 

Mogul 

Mogul 
Mogul 

7% 

m 

5% 
5'A 

Any 
Any 
Any 

48 

4.S 
48 

si.oo 

1.20 

2500 
4000 
6000 

100 
100 
100 

15.7 
16.1 
16.1 

15. 7 
16.1 
16.1 

1350 
1350 
1350 

24.1 
37.6 
56.4 

159.0 

248.0 
372.0 

PS-35 

PS-35 
PS-40 

Mogul 
Mogul 
Mogul 

m 

10 

7 
7 
7 

Any 
Any 
Any 

24 
24 

12 

2.35 
5.00 

MAZDA   C   LAMPS— 15    AMPERES 


223.0        PS-40         Mogul  12 "... 


MAZDA  C   LAMPS— 20   AMPERES 


6000 
10000 
15(100 


100 

19.3 

19.3 

L350 

15.5 

310.0 

PS-40 

Mogul 

:■' 

*9H 

Tipdown 

12 

100 

19.3 

19.3 

1350 

25.9 

518.0 

PS-40 

Mogul 

1  2 ! , 

•'", 

Tipdown 

12 

... 

19.9 

1350 

37.6 

753.0 

PS-40 

Mogul 

1-", 

Tipdown, 

12 

*  This  lamp,  if  made  for  tip-up  burning,  has  a  light  center  length  of  8M  inches. 


The  light  from  the  latter  is  presumably 
slightly  nearer  to  white  in  color,  but  the 
difference  is  so  slight  that  it  is  doubtful  if 
an  observer  can  distinguish  it,  even  by 
simultaneous  contrast. 

Compensator  lamps  are  not  recommended 
for  use  with  compensators  supplied  directly 
from  constant-potential  circuits.  Under  this 
condition  they  are  liable  to  an  excessive  varia- 
tion in  efficiency  and  life,  with  the  possibility 
of  other  complications.  Cost  analyses  indi- 
cate no  economic  gain  over  straight  multiple 
lamps,  which  have  other  points  of  advan 

Series  Lamps  for  Street  Lighting 

The  standard  series  Mazda  lamps  are  listed 
in  Table  I,  which  also  gives  principal  dimen- 
sions and  other  data.    The  standard  amperage 


larger  lamps  in  all  classes  of  street   lighting. 
This  recommendation  is  based  on  i 
in    producing    effective    results    and    on    the 
economic  considerations. 

A  15,000-lumen  (1500-c.p.)  lamp  has  tl 
fore  been  recently  added  to  the  list,  and  a  25,000- 
ltunen  lamp  indicated  as  the  next  step  to  be 
taken  as  soon  as  the  demand  is  sufficient  to 
warrant  it.  An  analysis  of  costs  in  conjunc- 
tion with  an  observation  of  street  lighting 
effects  is  almost  certain  to  indicate  the 
desirability,  on  the  part  of  almost  any  com- 
munity, of  providing  higher  power  lamps 
than  those  now  used. 

Lamps  for  Rectifier  Circuits 

It  is  sometimes  desirable  to  operate  Mazda 
lamps  in  series  with  luminous-arc  lamps  on 
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direct-current  series  circuits,  supplied  from 
constant-current  transformers  and  rectifiers. 

It  has  been  found  that  the  ammeters 
generally  used  in  such  circuits  do  not  give  the 
correct  measure  of  the  heating  power  of  the 
lit  as  transmitted  to  the  lamp  filament. 
In  other  words,  when  a  regular  li.ij-amp. 
series  Mazda  lamp  is  operated  on  a  rectifier 
circuit,  if  the  ammeter  indicates  (>.(>  amp., 
the  lamp  will  give  more  than  rated 
light,  consume  more  than  the  desig- 
nated watts,  and  will  have  a  shorter  life 
than  normal. 

To  meet  this  situation,  special  rectifier 
lamps  are  provided  which  give  proper  per- 
formance on  such  circuits.  The  series  recti- 
fier lamp  has  to  meet  another  peculiar  con- 
dition whereby  the  gas-filled  lamp  is  occasion- 


Cost  as  a  Factor  in  Lamp  Selection 

There  seems  to  be  a  popular  assumption 
that  the  cost  of  street  lighting  is  approxi- 
mately proportional  to  the  size  of  the  unit. 
In  all  the  instances  in  which  the  writer  has 
figured  such  costs,  it  has  been  evident  that 
the  costs  run  up  very  much  slower  than  the 
proportional  rate. 

In  the  first  place,  considerably  over  half  I  he 
cost  of  the  service  falls  in  what  is  commonly 
called  overhead,  including  such  items  as 
result  from  investment  in  fixtures,  poles, 
lines,    transforming    equipment,    etc.      It    is 


Fig.  1.      Bulb  Sizes  and  Construction  of  Standard  Mazda  C  Lamps  for  Series  Street  Lighting  Service 


ally  subject  to  the  formation  and  maintenance 
of  an  internal  arc  which  may  injure  the  socket 
of  a  fixture.  This  does  not  occur  with  the 
vacuum  construction,  so  that  it  is  the  prac- 
tice of  the  lamp  manufacturers  to  recom- 
mend Mazda  B  lamps  for  series  rectifier 
service. 

While  it  is  true  that  many  operators  have 
not  encountered  this  difficulty,  h  is  generally 
;  practice  to  follow  the  recommenda- 
tion. Devices  have  been  developed  which 
seem  to  prevent  arcing  trouble,  but  so 
far  have  not  proven  very  popular  as  the 
problem  has  not  generally  been  considered 
of  sufficient  importance  to  warrant  the 
expenditure. 


obvious  that  these  items  do  not  increase  in 
proportion  to  the  increased  size  of  lamp. 
In  fact,  it  is  often  possible  to  increase  the 
size  of  the  lamp  without  any  increase  at  all  in 
some  of  these  items. 

The  labor  of  cleaning  the  lamp  and  equip- 
ment is  almost  independent  of  the  size.  Also, 
a  good  share  of  the  trimmer's  time  is  taken 
in  going  from  one  lamp  to  another. 

Referring  to  Table  I,  it  will  be  noted  that 
the  higher  power  lamps  are  generally  more 
efficient  than  the  smaller  sizes,  and  that  the 
current  consumption  does  not  go  up  so  fast 
as  the  lumens  (or  candlepower).  Likewise 
lamp  costs  are  not  in  proportion  to  the  light- 
ing power  (lumens). 
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For  example,  note  the  following  compari- 
sons: 


Size  of  lamp  in  lumens 

1000 

800 

600 

Size  of  lamp     nominal 

candlepower 

100 

80 

.in 

Relative  lighting  power 

100 

80 

60 

Relative  watts 

100 

85 

69 

Relative  lamp  cost  .  .  . 

100 

100 

83.3 

Size  of  lamp  in  lumens 

15000 

10000 

600® 

Size   of   lamp   nominal 

candlepower 

1500 

1000 

600 

Relative  lighting  power 

100 

66.7 

40 

Relative  watts 

100 

68.6 

41 

Relative  lamp  cost  .  .  . 

100 

85.6 

71.2 

For  specific  cases,  these  comparisons  should 
be  expanded  to  include  the  various  items  of 
overhead,  as  based  on  actual  operating  con- 
ditions. Where  comparisons  are  made  for  the 
purpose  of  determining  the  size  of  lamp  for 


any  position,  could  have  been  made  standard 

ustified  the 
In  fixtures  which  employ  prisn 

lament 

I  amps  are  manufacture! 
filament  positions  as  near  toa  defh 
within  the  bulb  ticable.     Fixtures 

utilizing    prismatic   glassware     an 
'"  accommodate  lamps  of  a  definite 
center  length. 

It  should  lie  borne  in  mind  that  when  a 
change  is  made  in  the  size  of  lamp  utilizing 
the  same  fixture,  proqision  should  be  made 
for  any  change  in  light-center  lenj 
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Fig.  2.      Characteristic  Vertical  Distribution  Curves  Obtained  from  Lamps  Ha 


Different  Filament  Constructions 


a  given  spacing,  the  problem  is  comparatively 
simple.  Where  variations  of  spacing  are  in- 
volved, the  question  of  distribution  enters 
and  introduces  other  factors  of  street  lighting 
design,  somewhat  beyond  the  scope  of  the 
present  discussion. 

Position   of  Burning    and    Importance   of  Filament 
Position  in  Accessory 

Some  of  the  smaller  sizes  of  Mazda  C  lamps 
are  manufactured  so  that  they  give  equally 
good  service  in  either  the  tip-down  or  tip-up 
position.  The  larger  sizes  however  are  man- 
ufactured to  burn  in  either  one  or  the  other 
position,  depending  upon  the  service  for  which 
they  are  intended.  The  large  Mazda  C  lamps 
are  regularly  made  for  burning  in  a  pendant 
or  tip-down  position.  Where  the  fixture 
construction  is  such  that  the  lamp  operates 
in  a  tip-up  position,  tip-up  lamps  should  be 
used  so  as  to  insure  satisfactory  operation. 
Universal  lamps,  which  can  be  operated  in 


the   old   and   new   lamp,    otherwise    unsatis- 
factory distribution  of  light  may  result. 

Prismatic  refractors  for  street  lighting  are 
so  designed  that  the  maximum  candlepower 
is  approximately  10  deg.  (sometimes  15  deg. 
below  the  horizontal.  A  change  in  filament 
position  in  these  refractors  quite  materially 
changes  the  distribution  of  light.  One- 
quarter  inch  variation  from  the  normal 
position  of  the  filament  will  change  the 
position  of  maximum  candlepower  approxi- 
mately 10  deg.  From  this  it  may  lie  seen 
that  such  a  variation  would  qvite  materially 
affect  the  distribution  of  light.  With 
types  of  reflectors  and  glassware,  slight 
variations  do  not  materially  affect  tin 
tribution  of  light.  However,  it  is  strongly 
recommended  that  care  be  exercised  in  this 
respect,  inasmuch  as  the  most  desirable  dis- 
tribution results  when  filaments  are  located 
in  their  proper  position  with  respect  to  the 
reflector  or  glassware. 
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Street  Lighting  Glassware 

By  S.  L.  E.  Rose 
Illuminating  Engineering  Laboratory,  General  Electric  Compan\ 

(  Ine  of  the  most  important  parts  of  a  lighting  unit  is  the  glassware.  To  obtain  certain  desired  effects  the 
proper  type  of  globe  must  be  used.  The  following  article  furnishes  comparative  data  on  the  different  types  of 
modern  globes  available  for  street  lighting.  In  addition  to  the  effect  of  the  globe  on  the  efficiency  of  the  unit, 
the  author  points  out  other  important  factors  to  be  considered  in  selecting  the  glassware  for  a  modern  installa- 
tion.— Editor. 


It  is  self  evident  that  we  can  never  get  more 
light  from  a  unit  than  is  given  by  the  lamp 
in  the  unit.  In  fact,  adding  equipment 
such  as  reflectors,  refractors,  globes,  etc. 
always  reduces  the  total  lumens  given  by  the 
unit. 

The  of  a  lamp   is  expressed  in 

lumens  per  watt. 

The  efficiency  of  a  complete  unit,  however, 
is  usually  expressed  as  per  cent  of  bare  lamp 
lumens  and  is  obtained  by  dividing  the  total 
lumens  of  the  unit  by  the  total  lumens  of 
the  lamp.  Thus,  if  the  lamp  gives  1 01 10  lumens 
and  the  complete  unit  gi  es  s|  II I  lumens,  the 
efficiency  of  the  unit  is  SO  per  cent. 

The  efficiency  is  affected  by  the  type  of 
fixture  used,  the  size  of  reflector,  and  the 
nature  of  the  reflecting  surface  as  well  as  the 
thickness  and  density  of  the  glassware.  As 
each  piece  of  equipment  is  added  some  of  the 
light  from  the  lamp  is  lost.  It  should  be  noted, 
however,  that  an  internal  reflector  in  some 
units  will  increase  the  light  from  the  unit  as  a 
whole  by  decreasing  the  loss  in  the  housing 
or  metal  canopy. 

If  the  efficiency  of  the  unit  were  the  only 
consideration  we  would  use  bare  lamps  to 
light  our  streets  but  other  factors  enter  into 
the  problem,  such  as  the  necessity  of  protect- 
ing the  lamp  from  rain  and  snow,  average 
intensity  on  the  street  surface  and  midway 
between  units,  glare,  appearance,  etc.,  which 
make  it  necessary  to  use  accessories  in  order 
to  get  the  best  results. 

We  must  sacrifice  some  of  the  light  from 
the  lamp  in  order  to  get  certain  desired  results; 
in  other  words,  we  must  lose  some  light  from 
the  lamp  in  order  to  increase  the  utilization 
efficiency  or  increase  the  aesthetic  value.  In 
fixtures  using  paneled  globes,  shown  in  Figs. 
1  and  2,  the  loss  is  greater  than  where  a  one- 
piece  globe  is  used,  due  to  the  frame  and  ribs 
that  form  the  panels.  The  ornamental  feature 
is  of  primary  importance  here  and  efficiency 
of  secondary  consideration. 

If  we  change  from  a  small  reflector  to  a 
larger  one,  from  clear  glass  to  diffusing  glass, 


or  from  light  density  glass  through  which  the 
light  source  is  visible  to  a  denser  glass  which 
conceals  the  source  and  gives  better  diffusion, 
we  must  lose  some  light,  but  if  by  the  change 
we  can  accomplish  the  purpose  we  are  striving 
for.  then  the  loss  is  justified  and  compensated 
for  by  the  superior  results  obtained. 

From  the  foregoing  remarks  it  is  seen  that 
the  total  loss  in  a  lighting  unit  is  made  up  of 
the  sum  of  the  losses  in  the  various  parts  that 
compose  it. 

There  are  various  kinds  of  glass  used  for 
globes  and  each  kind  may  be  obtained  in 
different  weights  or  densities.  These  are 
usually  marketed  under  trade  names  which 
convey  no  clear  idea  of  the  quality  or  appear- 
ance of  the  glass. 

Certain  types  of  globes  from  the  same 
manufacturer  and  supposedly  of  the  same 
kind  may  vary  in  light  transmission  due  to 
varying  thickness  and  density,  which  it  is 
apparently  difficult  to  eliminate  altogether. 
Some  of  the  factors  influencing  the  trans- 
mission are  the  shape  of  globe,  thickness  of 
glass,  density  of  diffusing  media  used  in 
their  manufacture,  as  well  as  the  personal 
element  that  enters  into  their  manufacture. 

In  comparing  globes  of  different  makes, 
where  only  one  sample  of  each  kind  is  tested, 
it  is  well  to  remember  the  influencing  factors 
for  glass  manufacturers  can  van-  the  density 
within  quite  wide  limits. 

When  selecting  glassware,  therefore,  in 
addition  to  the  transmission,  other  factors 
should  be  taken  into  consideration,  such  as 
general  appearance  of  the  unit  when  lighted 
and  when  out,  also  the  ability  to  withstand 
handling  and  weather  conditions  met  in 
practice. 

With  the  older  types  of  glass,  such  as  opal, 
alabaster,  carrara,  and  alba,  the  light  source 
was  visible  and  good  diffusion  could  be 
obtained  only  by  sacrificing  transmission. 
With  the  newer  glass,  such  as  genco,  the  light 
source  is  not  visible  and  good  diffusion  is 
obtained  as  well  as  high  transmission  and 
light   weight.      With  rippled  glass  the  light 
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Figs.  1  to  14.      Modern  Types  of  Globes  for  Street  Lighting 
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source  is  not  visib  h  transmis si 

secure 

In  discussing  f  I  are  usually  spoken 

of  as  clear,   light   density,   medium   density, 
heavy  density,  et<  their  trans- 

|  cull     1"    draw    any 

differenl  densities; 
i.e.,  where  "light  density"  shall  end  ami 
'•medium  density"  begin,  owing  to  a  lack  of 
standardization,  for  what  one  glass  manufac- 
turer would  call  light  another  would  call 
medium  and  vice  versa;  it  being  merely  a 
mattei  with  each  manufacturer  and 

'  i  on  his  point  of  view. 


Experieni  i  ;  il "'  which 

is  satisf acton'  for  a  luminous  are  lamp  may 
not  be  at  all  satisfactory  when  used  with  an 
'   lamp  and  vice  versa. 

If  it  is  desirable  to  use  a  refractor  and  at 
the  same  time  conceal  it  from  view,  a  diffus- 
ing globe  cannot  be  used  as  it  would  nullify 
the  distribution  of  light  which  a  refractor 
gives. 

It  has  been  necessary,  therefore,  to  make 
globes  from  various  types  of  glass  in  order 
to  obtain  the  different  effects  desired. 

One  of  the  latest  developments  con  i 
globes  of  clear  rippled  glass  having  different 


TABLE  I 
LIGHT   TRANSMISSION    LOSS   IN   GLOBES 


Globe 

Kind  of 
Glass 

Density 
Rating 

WEIGHT 

Type  of 

Lb. 

Oz. 

Per  Cent  Loss 

Fig. 

11 

Crystal 

Clear 

6 

3.6 

Fig. 

11 

Carrara 

Light 

6 

9 

17.8 

Fig. 

12 

Rippled 

Clear 

4 

12 

10.3 

Fig. 

12 

Rippled 

R.I.  &  R.O. 

0 

6 

25.5 

Fig. 

13 

Crystal 

Clear 

4 

8 

4.2 

Fig. 

13 

Carrara 

Light 

3 

9 

19.  6 

Fig. 

14 

Rippled 

Clear 

3 

13 

13.8 

Fig. 

4 

Genco 

Light 

4 

12 

22.2 

Fig. 

(i 

Rippled 

Clear 

6 

7 

8.5 

Fig. 

6 

Rippled 

R.I.  &  R.O. 

6 

11 

22.3 

Fig. 

3 

Crystal 

Clear 

10 

8 

9.1 

Fig. 

3 

Alba 

Light 

10 

12 

19.0 

Fig. 

3 

Carrara 

Light 

11 

4 

17.9 

Fig. 

3 

Carrara 

Medium 

12 

12 

31.2 

Fig. 

3 

Alabaster 

Light 

9 

8 

17.9 

Fig. 

3 

Alabaster 

Medium 

10 

0 

27.9 

Fig. 

3 

Polvcase 

Medium 

11 

4 

28.8 

Fig. 

3 

Monax 

Light 

4 

12 

22.2 

Fig. 

3 

Genco 

Light 

4 

14 

23.9 

Fig. 

5 

Rippled 

Clear 

11 

9 

8.7 

The  arbitrary  limits  fixed  by  the  photo- 
metric division  of  the  Illuminating  Engineer- 
ing Laboratory  for  classifying  globes  used  in 
Novalux  units  and  luminous  arcs,  in  reference 
to  their  density  and  transmission  or  loss,  are 
given  in  Table  II. 


Designation 

Per  Cent 

Transmission 

Clear 

90  or  more 

Very  light  density 

85  to  90 

Light  density 

, .".  to  85 

Medium  density 

Heavy  density 

50  to  60 

Very  dense 

50  or  less 

10  or  less 
15  to  10 
25  to  15 
40  to  25 
50  to  40 
50  or  more 


finishes  such  as  acid  etching,  a  light  flashing 
of  opal  or  alabaster  glass.  Globes  of  this 
type  will  conceal  the  lamp  and  refractor  and 
give  brilliancy  and  snap  to  the  light  from  an 
incandescent  lamp. 

Brightness,  which  is  commonly  expressed 
in  candlepower  per  square  inch,  is  an  impor- 
tant factor  in  selecting  the  proper  globe  for 
various  purposes.  It  should  be  borne  in  mind 
that  with  the  same  lamp  a  small  globe  will 
appear  brighter  than  a  large  globe  while  the 
same  amount  of  light  may  be  transmitted. 
When  lamps  of  low  candlepower  are 
used  they  should  be  equipped  with  smaller 
globes  than  where  high  candle  power  lamps 
are  used,  otherwise  the  effect  may  be  disap- 
pointing. 
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n:; 


For  this  reason  globes  of  the  same 
have  been  developed  in  various  sizes,  such  a 
those  shown  in  Figs.  3  and  4,  5  and  (i,  7  and  S, 
and  9  and  10.     In  general,  it  may  be  stated 
that  the  smaller  globes  should  be  used   for 
lamps  of  401)  c-p.  or  less  and  the  largi  i 
for  GOO  c-p.  or  more. 

When  a  clear  glass  globe  has  its  surface 
roughened  or  depolished.  either  by  sand  Mast- 
ing or  acid  etching,  it  is  spoken  of  as  crystal 
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Fig.  15.      Illustration  of  the  Effect  of  the  Thickness  of  the 

Glass  of  Globes  Upon  Light  Transmission.     The  curves 

refer  specifically  to  the  type  and  size  of  globe  shown 

in  Fig.  3 

roughed  inside,  crystal  roughed  outside, 
crystal  roughed  inside  and  outside,  depend- 
ing on  whether  the  inner,  outer,  or  both  sur- 
faces are  roughened.  These  terms  are  usually 
abbreviated  to  C.R.I..  C.R.O.,  C.R.I,  and 
R.O. 


If  other  than  a  clear  glass  globe  is  rough- 
ened, the  term  "crystal"  oi 
is  omitted  from  the  leral, 

arid    etchin  il  tier    fun  h    than 

sand-blastinj  I  his  reason  a  lighl 

etched    finish    is    somi 
finish"  (V.F.)  or  "satin  finish"  (S  I 

This  treati  eases  the  diffusion  but 

also  increases  the  loss.  A  comparison  of 
various  kinds  of  glassware  is  given  in  Table 
I.     Ti  ... 

wan-  only,  the  lighl  En  >m  the  unit  wit! 
tin-  glassware  being  taken  as  loo  per  i  - 
The  i  i  complete  units  with  glob 

listed  in  Table  I  will  vary  from  60  to  80  pei 
cent   depending  on  the  type  of  i 
density  of  glassware. 

With  few  if  any  exceptions,  the  Loss  of 
light  in  a  globe  is  proportional  to  the  weighl . 
or  we  may  say  the  transmission  of  a  globe  is 
inversely  proportional  to  i1  weight.  This  is 
illustrated  by  the  curves  in  Fig.  15  which 
are  prepared  for  the  Fig.  3  type  of  globe 
of  different  kinds  of  glass  available  at  the 
present  time.  Investigations  now  under  wax- 
indicate  that  the  weighl  ol  Genco  ;lobesmay 
be  increased  to  give  the  necessary  mechanical 
strength  for  street  lighting  service  without 
reducing  their  high  transmission  factor. 

Ideal  globes  for  street  lighting   are   those 
which   have  high   transmissi  with 

proper  diffusion  to  obtain  the  results  de- 
sired without  sacrificing  mechanical  strength. 
While  a  comparison  of  globes  on  a  basis  <>l 
transmission  efficiencies  is  necessary  ami  de- 
sirable, it  should  be  remembered  that  this  is 
only  one  factor  to  be  considered  in  the  choice 
of  a  street  lighting  unit.  In  the  final  analy- 
sis, the  elements  composing  a  street  lighting 
system  may  be  considered  100  per  cenl 
efficient  when  the  system  as  a  whole  gives  Hi" 
per  cent  satisfaction. 
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Series  Lighting  Transformers 

By  T.  Whyte 
Transformer  Department,  General  Elei  ikh   Compani 


Tin  'lie  available  range  of  transformers  for  scries  street  lighting  service. 

•   by  a  discussion  of  the  fundamental  principles  underlying  the  operation  of 

insformers.     The  equipments  for  the  two  modern  systems  of  street  lighting,  namely,  the 

a  and  the  Mazda  sj  iti  m,  are  described  and  the  various  types  of  transformers  for  indoor, 

outdoor,  and  plained.  —Editor. 


In  considering  the  subject  of  transformers 
for  tb  m  of  series   lamps   requiring 

m  alternating  current,  or  direct  current 
through  rectification,  the  object  of  this  article 
.  to  expound  the  theoretical  values  or 
characteristics  of  design  but  rather  to  define 
the  various  types  of  transformers  standard- 
ized for  tli is  work,  and  to  outline  as  briefly  as 
de  their  respective  applications  and 
theory  of  operation. 

.Since  the  advent  of  series  lighting,  man- 
ufacturers of  electrical  apparatus  have  pro- 
duced various  types  of  transformers  and  regu- 
lators designed  to  maintain  constant  current 
on  the  secondary,  but  the  only  transformer 
at  present  in  use  which  actually  will  deliver 
and  maintain  constant  current  on  all  loads 
regardless  of  fluctuations  in  supply  voltage 
and  frequency  is  the  moving-coil  regulating 
transformer. 

This  type  of  transformer  is  designed  on  the 
theory  that  a  constant  series  reactance  will 
maintain  approximately  constant  current 
provided  the  circuit  is  highly  inductive.  In 
order  to  keep  the  power-factor  of  the  system 
within  reasonable  limits,  however,  it  is 
necessary  to  arrange  this  reactance  so  that  it 
will  change  with  the  load  in  such  a  manner  as 
to  keep  the  total  impedance  and  consequently 
the  current  at  a  constant  value.  This  varia- 
ble reactance  is  obtained  in  the  moving-coil 
regulating  transformer  by  means  of  two  coils 
movable  with  respect  to  each  other  on  a 
common  core. 

In  all  constant-current  transformers  man- 
ufactured by  the  General  Electric  Company, 
whether  for  alternating-current  lighting  or 
direct -current  lighting  through  rectification, 
one  coil  is  stationary  while  the  other  is  mov- 
able and  mechanically  connected  to  a  rocker 
arm,  to  the  other  end  of  which  weights  are 
attached.  These  weights  together  with  the 
magnetic    repulsion    between    coils    counter- 


balance the  weight  of  the  moving  coil.     A1 

full  load  the  moving  coil  is  floating  imme- 
diately above  the  stationary  coil,  and  as  the 
load  falls  off  the  tendency  for  the  current  to  rise 
is  offset  by  the  separation  of  the  coils.  This 
separation  is  caused  by  the  greater  repulsion 
of  the  increased  magnetic  flux  due  to  the 
momentarily  increased  current  in  the  second- 
ary coil.  With  the  coils  farther  apart,  more 
of  the  magnetic  lines  of  force  from  the  primary 
coil  go  out  between  the  coils  as  leakage  flux 
and  the  electromotive  force  induced  in  the 
secondary  is  decreased  in  proportion  to  the 
fall  in  the  secondary'  load,  thus  maintaining 
the  secondary  or  load  current  at  a  constant 
value. 

All  other  devices  at  present  on  the  market, 
including  high-fixed-reactance  transformers, 
do  not  maintain  constant  current  when  the 
load  varies  but  are  designed  to  deliver  a 
definite  current  at  a  definite  load,  and  any 
variation  of  the  load  or  any  variation  of 
impressed  voltage  or  frequency  will  cause  a 
change  in  secondary  current,  the  magni- 
tude of  this  change  depending  upon  the 
change  in  the  load  and  the  reactance  of  the 
transformer.  The  better  a  device  of  this 
kind  takes  care  of  secondary  changes,  the 
more  it  magnifies  the  effect  of  primary  fluc- 
tuations. 

From  a  theoretical,  point  of  view,  the  mov- 
ing-coil regulating  transformer  is  the  only 
device  which  actually  will  maintain  constant 
current  on  all  loads,  and  can  therefore  be  justly 
termed  a  "constant-current  transformer." 

The  requirements  of  the  different  classes 
of  municipal  lighting  are  successfully  met 
today  by  two  systems  of  street  lighting. 
These  are  the  luminous  arc  lamp  system  and 
the  incandescent  lamp  system,  and  as  each 
system  requires  a  particular  transformer 
application,  they  must  necessarily  be  consid- 
ered separately. 
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Fig.  1.       Mercury  Arc  Rectifier  Outfit  for  Seri 
Luminous  Arc  Lighting  (Interior  View* 


nk  Showing  Tube  Carners  an  i 
Cooling  Coils 


Series  Luminous  Arc  Circuits 

The  series  luminous  arc  lamp  requires 
direct  current  for  its  operation  and  since  it 
has  been  the  general  tendency  of  central 
stations  to  get  away  from  motor-generator 
sets  or  belted  arc  machines,  it  became  neces- 
sary to  devise  means  for  obtaining  a  uni- 
directional   series    current    direct    from    an 


CothodeSeo/ 


Fig.  3.     Glass  Tube  for  Rectification 


alternating-current  source  of  supply.  The 
result  of  exhaustive  investigation 
the  development  of  a  series  mercury-arc  rec- 
tifier outfit  consisting  of  a  constant-current 
transformer,  direct-current  reactance, 
tifier  tube,  rectifier-tube  tank,  statu-  protec- 
tor, exciting  transformer,  static  discharger, 
and  in  some  special  cases  additional  auto- 
matic devices  to  eliminate,  as  far  as  possible, 
the  attention  of  an  operator  and  to  insure 
approximately  uninterrupted  sen-ice. 


Fig.  4.  T  ansformei 
and  Rectifier  Con 
nections  for  Single 
Tube  Operations 


^D.C.  Reactance 

-X  X  X  X  X  X  X  x 

-Load+ 


Transformer  and  Rectifier  Connecti 
for  Two-tubes  in-series  Operation 
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This  type  of  oul  ntially  for  ii 

installation    and    is    designed    to    trai 

tential    alternating    current    into 
mi  ans  of  i  he  con- 
currenl    transformer   and    the   n  < 
proper,  in  which  the  process  of  rectification 


Fig.  6.      Exciting  Transformer  Con- 
nections to  Rectifier 

takes  place.  This  rectification  is  made  pos- 
sible by  the  well-known  property  of  ionized 
mercury  vapor,  which  allows  the  passage  of 
current  in  one  direction  only.  When  the 
negative  mercury  electrode  is  in  an  active 
state,  as  for  instance  when  the  arc  is  operat- 
ing, only  a  few  volts  are  necessary  to  main- 
tain the  arc  in  one  direction,  but  the  voltage 


must  be  extremely  high  to  maintain  an  arc 
of  reversed  polarity,  that  is,  for  practical 
purposes  the  ionized  vapor  is  a  good  conduc- 
toi  ol  current  in  one  direction  and  an  insula- 
i<  ir  in  the  other. 

A  cathode  or  negative  working  electrode  is 
connected  through  the  direct-current  load 
and  the  direct-current  reactance  to  the  middle 
of  the  constant-current  transformer  second- 
ary winding.  The  working  anodes  arc  con- 
nected to  the  outer  terminals  of  the  secondary. 
When  either  anode  is  positive,  there  is  an  arc 
which  carries  current  between  it  and  the 
cathode.  When  the  polarity  of  the  alternat- 
ing-current line  reverses,  the  arc  passes  from 
the  other  anode  to  the  cathode,  the  two  anodes 
alternately  acting  as  the  positive  terminal  of 
the  tube  in  accordance  with  the  alternating 
polarity  of  the  secondary.  Hence,  during  the 
complete  cycle  the  cathode  is  negative  and 
the  current  at  this  point  is  uni-directional. 
It  will  be  seen  from  the  foregoing  that  each 
half  of  the  alternating  current  is  used,  this 
fact  being  responsible  for  the  high  efficiency 
of  the  luminous  arc  system. 

The  initial  ionization  of  the  mercury  vapor 
is  accomplished  by  first  establishing  an  arc 
between  the  two  auxiliary  anodes  and  the 
cathode,  the  anodes  for  this  purpose  being 
connected  to  a  low-potential  alternating-cur- 
rent supply  through  a  small  low-potential 
exciting  transformer,  and  connected  as  for  a 
multiple  rectifier  operating  on  short  circuit. 
This  starting  arc  is  established  by  the  bridg- 
ing and  subsequent  breaking  of  the  mercury 
bridge   between   the   cathode  and   the  start- 


Fig.  7.     Connection  Diagram  of  Single-tube 
Rectifier  Outfit 


Fig.  8.      Connection  Diagram  of  Rectifier  Outfit 
with  Two  Tubes  in  Series 
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ing  anodes,  when  the  tube  is  given  a  slight 
shake. 

When  this  starting  arc  is  established,  the 
main  load  switches  may  be  opened  which 
automatically  applies  the  high  potential  of 
the  load  circuit  to  the  main  anodes  and  the 
rectification  of  the  current  immediately  com- 
mences. 

A  complete  line  of  series  lighting  mercury- 
arc  rectifier  outfits  has  been  standardized  in 
capacities  of  6,  12,  25,  50,  75  and  100  lamps 
for  operation  on  alternating-current  supplv 
circuits  of  any  commercial  voltage  and  fre- 


Series  Incandescent  Circuits 

The    design     o  trans- 

formers used  foi    ierii     incande  cent  lighting 
is  the  s;  I  e  transformer  componi 

the  rectifier  outfit.  bu1  on  account 
extremely  sensitive  nature  of  the  filament 
used  in  gas-filled  high-efficiency  lamps,  the 
operation  and  regulation  of  the  transformer 
must  he  corn  pondingly  sensitive  and  - 
of  necessity  lie  designed  with  this  objed  in 
\  lew. 

Two   distinct   types   of   transformers   have 
been   developed    for   this   service,    which   al- 


Fig.  9.      Indoor  Constant 


Transformer  with  Panel 


quency  and  for  luminous  lamps  of  4,  5,  or 
6.6-amp.  normal  current  rating.  The  main 
outfit  is  air-cooled  but  the  rectifier  glass  tube, 
in  which  rectification  takes  place,  is  oil 
immersed  and  maintained  at  a  normal  tem- 
perature by  means  of  water  cooling  coils 
within  the  tube  tank. 

The  smaller  capacity  outfits  are  designed 
to  operate  with  only  one  rectifier  tube  but  the 
larger  capacity  outfits  are  arranged  to  operate 
with  two  tubes  in  series  which  increases  the 
reliability  of  operation  and  results  in  a  very 
much  higher  average  tube  life. 


though  designed  on  the  same  theory  of  opera- 
tion are  very  different  in  mechanical  con- 
struction, one  type  being  air-cooled  and  for 
indoor  installation,  while  the  other  is  designed 
to  operate  outdoors  and  is  oil-cooled  and 
partially  oil-insulated. 

The  indoor  or  station  type  transformer 
represents  the  results  of  a  very  careful  study 
made  to  determine  the  actual  inherent 
requirements  of  a  modern  series  incandescent 
load  and  to  arrive  at  constants  to  be  used  in 
design  which  would  assist  in  the  production  of 
a  transformer  at  reasonable  cost,  nigged  and 
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simple  construction,  and  possessing  all  the 
characteristics  essential  to  the  satisfactory 
operation  of  a  load 

Practically  all  friction  has  been  eliirinated 
in  this  typi  rmer  by  the  use  of  ball 

bearings    in    the   balancing   mechanism,    and 


Fig.  10.      Ictemal  View  of  Outdoor 
Constant-current  Transformer 

this  together  with  high  repulsion  between 
coils  which  is  a  special  feature  of  this  design 
insures  almost  perfect  regulation  on  varying 
loads,  and  a  dashpot  is  provided  to  steady 
the  action  of  the  moving  elements  caused  by 
fluctuations  in  voltage  and  frequency  in  the 
supply  circuit  and  swinging  "grounds"  often 
prevalent  in  overhead  lighting  circuits.  Table 
I  gives  data  on  60-cycle  2o()0-volt-primary 
indoor  constant-current  transformers  of  this 
type  for  6.6-amp.  alternating-current  series 
lighting  circuits.  With  minor  changes  in 
design,  these  transformers  can  be  arranged 
p<  ration  on  supply  circuits  of  any  com- 
mercial voltage  and  frequency  and  for  all 
standard  series  lamps. 

Outdoor  Constant-current  Transformers 

Considerable  difficulty  has  been  expe- 
rienced in  the  past  in  solving  the  demand  for 
higher  intensities  and  lighting  units  in  the 
suburbs  of  large  cities,  the  growth  of  these 
outlyii  -  being  so  rapid  that  it  has 

been  almost  impossible  to  keep  pace.  When 
it  becomes  impracticable  to  run  circuits  from 
the  central  station  on  account  of  the  distance 
and  copper  required,  it  is  not  always  advisa- 
ble to  erect  a  substation.  At  any  rate,  the 
growth  is  usually  so  rapid  that  "during  the 
interval  before  the  substation  can  lie  en 


the  lighting  service  is  likely  to  be  inefficient 
or  ineffectual. 

Lighting  systems  requiring  constant-cur- 
rent transformers  have  hitherto  been  in  prox- 
imity to  a  central  or  substation  where  the 
transformer  could  be  installed.-  On  account 
of  smaller  towns  and  villages  not  being  able 
to  derive  suffcienl  revenue  to  warrant  the 
installation  of  a  substation  and  attendant, 
the  problen  the  transformer 

engineers  was  to  design  and  produce  a  satis- 
■  ■  constant-current  transformer  for  out- 
■  1'  ii  ir  installation. 

This  required  considerable  research  work- 
as  a  transformer  of  this  kind  must  not  only 
possess  all  the  inherent  characteristics  of  an 
indoor  transformer,  but  must  also  be  entirely 
automatic  in  action  and  be  designed  and 
manufactured  to  compare  in  cost  with  any 
of  the  so-called  constant-current  devices  on 
the  market.  As  a  result  of  this  research  work, 
there  has  been  developed  and  standardized  a 


Fig.  11.      Automatic  Time  Switch  Electrically  Wound  for 
Use  with  Outdoor  Constant-current  Transformer 

complete  line  of  const  ant -current  transformers 
which  admirably  fills  this  demand.  This 
type  of  transformer  is  positive  in  action  and 
is  controlled  by  a  time  switch  which  insures 
absolute  precision  in  energizing  and  de-ener- 
gizing the  load  circuits  at  predetermined  times. 


SERIES  LIGHTING  TRANSFORMERS 


749 


The  outdoor  transformer  has  been  devel- 
oped primarily  for  the  operation  of  modern 
Mazda  lamps,  and  is  designed  to  maintain 
the  secondary  current  at  normal  rating  on 
all  loads  from  full  to  short  circuit,  and  bo 
protect  the  lamp  circuit  at  the  moment 
of  starting  and  during  operation  from  an 
instantaneous  rush  of  excessive  current  and 


mercial    voltage  and    frequency   and   for  all 
standa  lamps. 

<  Vriam   classes   oi     treel    lighting   n 

potential  than  thai  u  inable 

from  the  ordinal  .  cor  tanl  currenl    i  ries  cir- 
cuit, and   to  provide  for  this,  lighting 
panics  would  be  compelled   to  run  multipl 
circuits  from  the  central  station   i 


TABLE  I 

\VT.    IN 
NET  LB. 

EFFICIENCIES 

PRIMARY   POWER-FACTORS 

DIMENSIONS  IN    1 

OUTPUT 

Full 
Load 

H 
Load 

Load 

Full 
Load 

u 

Load 

Load 

A 

B 

C 

T-B*sc-| 

5 

10 
15 
20 
25 

300 

475 
650 
800 
1050 

1250 

1350 
1550 

1  SI  II 1 

2100 

95.0 

95.25 
95.5 
95.75 

96.0 

96.25 
96.5 
96.5 
96.75 
96.75 

94.25 
95.0 
95.35 
95  .'I 
95.75 

96.0 
96.25 
96.25 
96.5 
96.5 

91.5 
92.25 
93.0 
93.75 
94  5 

95.0 
95.25 
95.25 
95.5 

95.75 

90.0 

90.75 

91.0 
91.5 

91.75 

92.0 
92.0 
92.25 
92.25 

92.25 

83  75 
84.25 
84.75 
85.25 
85.75 

86.0 
86.0 
86.25 
86.25 
86.25 

56.25 

56. 75 

57  ii 

57.25 
57  50 

57.75 
57.75 
56.0 
56.0 
56  n 

34 
37 

-in 
11 

■IS 

53 
55 

57 
5  1 
63 

17 
20 
23 

25 
27 

28 
30 
31 

34 
36 

23 

2  5 

III 
34 

I  ' 
4i 
45 
17 

B 
1_ 

"j  my 

30 
40 
50 

A 

\ 

_4_ 

60 

70 

Kw. 
Output 
(AtUnity 

Prim- 

Trans 
Kv-a. 

Secon- 
dary 

EFFICIENCIES 

PRIMARY 
POWER   1 

P-F. 

Amp. 

Input 

Volts 

Full 

•t 

Full 

Vl 

y* 

Load) 

Load 

Load 

Load 

Load 

Load 

Load 

Load 

Load 

1.0 

0.68 

1.57 

152 

91.5 

89.5 

85.0 

73.0 

70 

:  i 

,, 

2.0 

1.34 

3.08 

303 

93.0 

91.0 

87.0 

77.0 

70 

36 

20 

3.0 

1.99 

4.58 

455 

93.5 

91.5 

88.0 

78.5 

70 

36 

20 

5.0 

3.31 

7.62 

758 

94.0 

92.1 

89.0 

80.0 

70 

51 

36 

20 

7  5 

4.94 

11.37 

1136 

94.5 

92.7 

90.0 

82.0 

70 

51 

36 

20 

10.0 

6.55 

15.05 

1515 

95.0 

93.5 

91.0 

83.5 

7ll 

36 

L'O 

15.0 

9.65 

22.2 

2270 

95.0 

93.5 

91.0 

83.5 

70 

36 

20 

20.0 

12.95 

29. S 

3035 

95.0 

93.5 

91.0 

83.5 

70 

51 

36 

20 

Kw. 

Oil 
Gal. 

Net  Wt.  in 
Lb.  Includ- 
ing Oil 

(Approx. ) 

DIMEN.    IN   INCHES   (APPROX.) 

I      [fV 

"Q 

-A 

(At  Unity 
P-F. 
Load) 

A 

B 

C 

D 

E 

ti 

\ 

\l 

wssl 

1.0 
2.0 
3.0 
5.0 

7.5 

25 
35 
35 

40 

40 
40 
60 
60 

400 
550 

61  III 

700 

725 
750 
1775 

1875 

30 
35 
35 
35 

35 
35 
41 
41 

24 
26 
26 
29 

29 
29 
32 
32 

20 

22 
25 

25 
25 
28 
28 

9 
111 
10 
11',. 

11', 

13 

13 

44 
48 
48 
48 

48 
48 

54 
54 

J 

10.0 
15.0 
20.0 

iji_ 

J  lil 

from  other  surges  and  fluctuations  on  the 
line  which  would  tend  to  destroy  or  shorten 
the  life  of  the  lamps.  Table  II  gives  data  on 
60-cycle  2300-volt-primary  outdoor  constant- 
current  transformers  of  this  type  for  6.6-amp. 
alternating-current  series  lighting  circuits. 
As  with  the  indoor  outfits,  these  transformers 
with  minor  changes  in  design  can  be  arranged 
for  operation  on  supply  circuits  of  any  corn- 


considerable  expense  were  it  not  for  the  so- 
called  safety  coil  or  series  transformer. 

These  low-voltage  series  circuits  are  usually 
supplementary  to  the  regular  or  main  street 
lighting  system,  and  therefore,  filling  the 
same  function,  it  is  desirable  to  control  them 
simultaneously  with  the  main  circuit 

Series  transformers  are  designed  to  operate 
with  the  primary  winding  connected  in  series 
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Fig.     12.     Serie3 

Fi£.  13.    Series  Trans- 

Fig.    14.      Series 

Transformer  for 

former    for    Installa- 

Transformer for 

Aerial    Mount 

tion  in  Base  of  Post 

Subway   Instal- 

ing 

or  in  Manhole 

lation 

with  the  main  series  circuit  and  the  low-volt- 
econdary  connected  direct  to  the  load, 
which  insures  simultaneous  operation  of  the 
lamps  in  the  main  and  supplementary  cir- 
cuit-. 

On  the  larger  capacity  transformers,  pro- 
tective devices  are  used  to  short  circuit  the 
secondary  automatically  when  the  auxiliary 
circuit  opens  so  that  the  rise  in  voltage  is 
limited  at  all  times. 

Some  of  the  places  where  these  trans- 
formers can  be  used  to  advantage  are : 


I  I        reets  or  alleys  where 

tall  a  few  series  lamps. 
(2)     On    poles,    elevated    structures,    etc., 

where  it  is  expedient  to  place  a  series  circuit 
but  where  high  potential  would  be  objection- 
able. 

On  bridges,  and  in  underground  cir- 
cuits leading  to  ornamental  pi 

i  1 1      In   install.,  lire  alarm  bo 

I  loxes,  or  letter  1" 

For  lighting  aisles  of  safety. 

For  house  lighting  near  series  circuits 
where  high  potential  is  not  available. 

The  high  efficiency  of  the  high-current 
Mazda  series  lamps  has  made  them  very 
popular  for  street  illumination.  Individual 
auto-transformers  have  been  commonly  em- 
ployed to  operate  them  from  standard  con- 
stant-current series  circuits.  Recently,  how- 
ever, due  to  a  number  of  inherent  advantages, 
there  has  been  a  considerable  demand  for  a 
small  series  transformer  to  operate  a  single 
lamp  by  stepping  up  the  series  line  current 
to  the  higher  current  required  by  the  lamp. 
These  small  transformers  are  also  very  exten- 
sively used  to  insulate  a  lamp  of  any  current 
rating  from  the  main  circuit,  and  they  are 
a  valuable  adjunct  to  ".Safety  First "  in  orna- 
mental street  lighting  because  they  insulate 
the  pole  and  lamp  from  the  high-tension 
circuit  and  permit  the  use  of  high-efficiency 
series  lamps  in  business  districts  where  ordi- 


Fig.  15.   Series  Transformer  i  Large  Capacity) 
and  Protective  Device 


rig.   16.      Novalux    Fixture   Showing 

Auto-transformer  or  Compensator 

Interior  View  > 


Fig.  17.     Installation  of  Aerial  Type 
Series  Transformer 
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nances  prohibit  high-tension  wires  above  the 
street  surface. 

The  design  of  these  transformers  is  such 
that  with  a  lamp  wattage  varial  ton  i  if  1  ie1  ween 
S  per  cent  above  and  20  per  cent  below  nor- 
mal, the  current  on  the  secondary  of  the 
transformer  will  not  vary  more  than  l  per 
cent  with  normal  primary  current  and  fre- 
quency, and  a  regulation  characteristic  is 
provided  which  protects  the  lamps  at  all 
times  from  surges  on  the  lines. 

When  we  consider  that  a  5  per  cent  increase 
in  current  decreases  the  life  of  a  modern 
Mazda  lamp  to  almost  one  third  its  normal 
value,  we  realize  the  importance  of  maintain- 
ing normal  current  on  the  lamp,  and  although 
the  initial  cost  of  an  installation  involving 
series  transformers  for  every  lamp  must 
necessarily  be  somewhat  high  as  compared 
with  a  straight  series  lamp  installation,  the 
saving  in  cost  of  high-voltage  conductor 
heavy  insulation,  and  high-tension  cutouts, 
very  materially  assists  in  liquidating  the 
difference  in  first  cost. 


Lamp  Post 


Lamp  Post 


Secondary  Leads, 
Leads  to  Lamp       ) 


Wiped  Joints 


High  Voltage 
Series  Circuit 


Fig.  20.     Series  Transformer  Installed  in  Manhole 


Fig.  18.      Series  Transformer  Buried 


Wiped  Joints 

Hi^h  Voltage  Series  Circuit 

Fig.  21.      Subway  Installation  in  Series  T 


Secondary  Leads 
to  Lamp 
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The  Magazine  Film  Cutout 

THE  SAFETY  VALVE  OF  THE  AC.   SERIES  STREET-LIGHTING  SYSTEM 

H.  E.  Butler 

Illuminating  Engineering  Laboratory,  General  Electrk    Company 

A   film   cul  an    alternating-currenl    scries   lighting   circuit    in   order 

thai  when  any  lamp  fails  the  outage  be  not  extended  to  the  other  lamps  on  the  circuit.     In  this  article,  the 
film  cutout  are  compared  with  the  new  or  magazine  type,  and  recommendations  are  submitted 
as  to  the  proper  film  cutout  necessary  to  meel   the  requirement  circuits.     This  invention  of  the 

author  should   be  'it'  particular  value  in   the  street   lighting  field  and  should  be  a  means  of  indirectly  pro- 
moting good  street  lighting  throughout   the  country.      No  change  in  the  design  of  the  standard  series  socket 
ries lighting  circuits,  is  required  in  order  to  a  the  magazine  film  cutout. 

This  feature  eliminates  fur' her  investment   and   permits   the  lighting  companies  with  their  present  system  of 
lighting  to  use  this  modern  equipment  and  gain  its  many  advantages. — Editor. 


The  film  cutout  used  for  alternating- 
current  series  street  lighting  systems  on 
which  Mazda  lamps  operate  is  known  as  the 
safety  valve  of  the  circuit.  The  device  pro- 
vides protection  against  a  series  circuit  re- 
maining open  when  a  lamp  fails. 

The  capacity  of  the  circuit  should  be  taken 
into  consideration  before  installing  film  cut- 
outs as  there  are  two  types  of  such  cutouts 
recommended  for  alterrating-eurrent  series 
circuits:  the  lead-disk  film  cutout  which  is 
tested  for  70  volts  and  has  probable  limits 
of  breakdown  of  70  to  250  volts;  and  the 
magazine  film  cutout  which  is  tested  for  110 
volts  and  has  probable  limits  of  breakdown  of 
251 1  to  400  volts.  The  former  is  recommended 
for  circuits  up  to  3-kw.  capacity  and  the 
latter  is  recommended  for  circuits  exceeding 
3  kw. 

Table  I  gives  the  standard  sizes  of  pole- 
type  and  station-type  constant -current  trans- 
formers that  are  available  for  street  lighting 
together  with  their  respective  secondary 
voltages  at  half  load,  full  load,  and  open 
secondary,  and  the  film  cutouts  best  suited 
for  the  different  transformer  capacities. 


For  some  time  there  has  been  in  use  the 
aluminum  disc  film  cutout  which  was  tested 
for  110  volts  and  had  probable  limits  for 
breakdown  of  250  to  450  volts.  This  type 
of  film  cutout,  which  has  been  superseded 
by  the  magazine  film  cutout,  consists  of  thin 
gauze  placed  between  two  aluminum  discs 
held  together  by  shellac.  This  construction 
required  careful  inspection  in  manufacture 
in  order  to  assure  uniform  breakdown  limits 
and  to  eliminate  possible  difficulty  or  trouble 
in  actual  operation  such  as  having  the  film 
cutout  puncture  before  lamps  burned  out.  or 
having  the  discs  separate  in  the  lineman's 
pocket  due  to  dampness  and  friction  as 
shown  in  Fig.  1.  Substitutes,  such  as  heavy 
paper  or  electric  tape,  were  sometimes  used 
but  these  required  a  very  high  potential  to 
puncture  in  order  to  close  the  circuit.  The 
use  of  such  makeshift  materials  might  readily 
cause  open  circuits  in  the  line  and  be  respon- 
sible for  placing  in  darkness  the  streets  fed 
by  that  particular  circuit.  Yet,  it  was  very 
difficult  to  manufacture  a  disk  film  cutout 
and  be  assured  that  these  troubles  could  be 
entirelv  eliminated  in  actual  service. 


POLETYPE    CONSTANT-CURRENT     TRANS- 
FORMERS,  6.6-AMP.   SECONDARY, 
60  CYCLES 


Capac- 

SECONDARY VOLTAGES 

Type  of  Film 

ity  in 

Kw. 

Half 
Load 

Full 
Load 

Open 
Secondary 

Cutout 
Recommended* 

1 

76 

152 

226 

Lead  Disc 

2 

152 

8(13 

442 

Lead  Disc 

3 

22g 

155 

660 

Magazine 

5 

379 

758 

Magazine 

,  i  , 

568 

1136 

1635 

Magazine 

10 

758 

1515 

2162 

Magazine 

15 

1135 

2271) 

Magazine 

2ii 

1 ."» 1 .". 

3030 

43(11) 

Magazine 

STATION-TYPE       CONSTANT-CURRENT 
TRANSFORMERS,  6.6-AMP.  SECOND- 
ARY,   60   CYCLES 


Capac- 


SECON'UARY    VOLTAGES 


Open 

Secondary 


Type  of  Film 

Cutout 

Recommended* 


5 

379 

758 

819 

Magazine 

10 

75S 

1515 

1636 

Magazine 

15 

1135 

2270 

2452 

Magazine 

20 

1515 

3030 

3272 

Magazine 

25 

1895 

3790 

4093 

Magazine 

30 

2275 

4550 

4914 

Magazine 

40 

3030 

6060 

6545 

Magazine 

50 

3785 

7570 

8176 

Magazine 

60 

4550 

9100 

"M> 

Magazine 

70 

5300 

10600 

1144S 

Magazine 

*The  types  recommended  have  been  based  on  the  seconda 
breakdown  of  the  film  cutouts  plus  15  per  cent. 


voltage  of  the  transformers,  loaded,  togethe 
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In  order  to  eliminate  these  disadvantages, 
the  magazine  film  cutout  was  developed. 
This  device,  as  shown  in  Fig.  2,  consists  of  a 
roll  of  special  treated  linen  rolled  inside  of  an 
insulated  container  having  a  slit  to  permit 
the  film  to  be  pulled  out  for  renewal.  The 
container  protects  the  dielectric  surface  of 
the  roll  of  film  at  all  times  and  when  installed 
is  good  for  approximately  1">  to  20  renewals 
which  represents  approximately  •">  to  (i  vears 
of  service. 

As  shown  in  Figs.  3a  and  5,  the  magazine 
film  cutout  can  be  installed  in  the  standard 
series  socket  universally  used  for  series  street 
lighting  without  any  change  whatsoever  in 
the  socket.  In  order  to  insure  satisfactory 
operation  of  the  magazine  film  cutout,  the 
following  instructions  should  be  carried  out: 

(1)  Pull  the  film  out  34  inch  from  the 
capsule  before  inserting  in  the  clips 
(see  Fig.  4). 

(2)  Separate  the  socket  clips  to  install  the 
film  roll,  (see  Fig.  4),  and  leave  not 
more  than  1i  inch  extended  for  finger 
hold  (see  Fig.  3a). 

(3)  To  renew  the  film  after  puncturing, 
grip  the  capsule  firmly  and  press 
down,  thereby  opening  the  socket  clip 
(see  Fig.  Hi.  Make  sure  that  the  slit 
in  the  capsule  faces  the  opening  of  the 
clip,  then  pull  the  film  through  leaving 
it  centrally  located  in  the  clip  (see 
Fig.  7.) 

(4)  After  renewing  the  film,  tear  off 
the  end  section  (see  Fig.  8),  allowing  not 
more  than  ]4  in.  to  project  from  the 
edge  of  the  socket  clip  (see  Fig.  3a)  and 
discarding  the  punctured  section  (see 
Fig.  9). 

Figs.  3  and  3a  illustrate  graphically  the 
relative  bulk  or  volume  of  the  old  single 
type  film  cutouts  as  compared  with  the 
magazine  film  cutout  based  on  equal  number 
of  renewals. 


The  following  gives  some  of  the  advantages 
gained  by  the  use  of  this  new  magazine  film 
cutout  which  is  believed  will  eliminate  many 
of  the  troubles  that  have  been  experienced 
with  other  types  of  film  cutouts. 

(1)  The  magazine  film  can  be  used  with 
standard  series  sockets  for  street  light- 
ing without  making  any  change  what- 
ever in  the  socket. 

(2)  Approximately  15  to  20  new  dielectric 
surfaces  are  available  with  each  roll  of 
film,  representing  approximately  5  to  6 
years  of  service. 

(3)  The  film  has  a  uniform  dielectric 
strength. 

(4)  It  eliminates  the  substitution  of  other- 
materials  which  have  been  used  in- 
variably when  the  lineman  did  not 
have  the  standard  film. 

5  I  Unlike  other  cutouts,  the  lineman  mav 
place  it  in  his  pocket  without  causing 
any  danger  to  the  dielectric  surface  of 
the  film  due  to  moisture  and  dirt  as  the 
film  roll  is  enclosed  in  a  highly  insulated 
container. 

(6)  When  renewing,  the  punctured  portion 
of  the  film  can  be  torn  off  without  the 
use  of  an  auxiliary  cutter. 

(7)  When  handling  the  film  for  renewing, 
the  portion  of  the  film  which  the  finger 
touches  is  thrown  away  while  with 
other  types  of  repeating  films  the 
portion  that  is  handled  by  dirty  fingers 
is  used  for  renewing  the  dielectric 
surface. 

(8)  With  the  magazine  repeating  film 
cutout,  it  is  easier  to  get  access  to  the 
film  for  renewing  at  night  (which  is 
generally  the  time  when  renewal  takes 
place)  than  with  other  types  of  re- 
peating films.  Also,  with  other  types, 
it  is  difficult  to  be  assured  that  the  film 
is  properly  renewed  even  on  close 
inspection. 


Good  Street  Lighting  a  Municipal  Necessity 

By  Earl  A.  Anderson 

Illuminating  Engineering  Sei  rioa 

Engineering  Department,  \  vtional  Lamp  Works  of  Geneh  u,  Electrii   Company 

The  extensions  in  business  occupations,  industries,  and  social  engagements  after  n  ,i,le  by 

developments  in  modern  artificial  interior  lighting,  have  been   ;o  rapid  thai  mosl  municipalitii     : 

keerj  pace  in  providing  adequate  illumination  to  permit  saf  and  i enient  result 

statistics  show  an  alarming  increase  in  accid,ents,and  crime.     The  remedy,  i1     nece  sity,  an 

very  thoroughly  and  comprehensively  treated  in  this  article.      Editor. 


A  single  2500-candlepower  incandescent 
street  lamp  furnishes  as  much  light  as  would 
a  regiment  of  torch  bearers  with  smoking 
fagots,  the  only  street  light  available  for  ven- 
turesome parties  who  found  it  necessary  to 
traverse  city  streets  at  night  in  the  sixteenth 
century.  However  the  dim  flaring  light  from 
these  hand-borne  torches,  though  it  was  inad- 
equate, was  nevertheless  undoubtedly  more 
nearly  equal  to  the  requirements  of  that  time 
than  are  many  of  the  existing  street  lighting 
systems,  considering  the  development  of 
social,  industrial,  and  commercial  life  of  the 
present  day.  No  longer  are  streets  used  at 
night  only  by  the  occasional  wayfarer  or  an 
infrequent  group  happening  forth  because  of 
some  unusual  occurrence;  instead,  a  typical 
night  street  scene  of  today  contains  crowds 
of  pedestrians,  numerous  street  cars,  and  con- 
stant streams  of  motor  vehicles  of  weight  and 
speed  beyond  the  imagination  of  those  who 
liv-ed  in  the  days  of  torch  bearers  or  link-boys. 

How  great  a  factor  light  is  in  making  pos- 
sible the  extension  of  the  natural  day  is  per- 
haps most  fully  realized  by  those  who  had 
occasion  to  pass  a  night  in  London  or  one  of 
the  continental  cities  during  the  time  of  the 
late  war,  when  all  exposed  artificial  lighting 
including  the  street  lighting  was  shrouded  at 
night  as  a  matter  of  protection  against  air- 
plane raids.  Many  writers  have  attempted 
to  express  the  peculiarly  depressing  conse- 
quence of  the  gloom,  the  loss  of  the  sense  of 
security  and  of  personal  safety.  But  perhaps 
more  expressive  are  the  statistics  which 
showed  an  alarming  increase  in  accidents  and 
crime  in  these  darkened  cities,  even  though 
the  unpleasantness  of  travel  in  dark  streets 
had  greatly  reduced  the  amount  of  street 
traffic. 

The  truth  is  that  the  developments  in 
modern  artificial  lighting  in  interiors  have 
been  such  that  business  occupations,  indus- 
tries, sports,  and  social  engagements  in  cities 
are  carried  on  in  the  evening  with  the  same 
degree  of  profit  and  pleasure  as  by  daylight. 


This  development  has  been  so  rapid,  hov 
that  in  (inly  a  comparatively  few  cities  is  the 
degree  of  artificial  streel  lighting  adequate  to 
accomplish  fully  its  purpose  of  facilitating 
safe,  comfortable,  and  convenient  usage  oi 
the  streets. 

Proper  Street  Lighting  Lessens  Accidents 

Much  has  been  said  as  to  the  great  saving 
in  industrial  costs  from  the  reduction  in  plant 
investment  made  possible  by  a  double-shift 
use  of  equipment.     At  the  recent  National 
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- — r—T             ' 

Fig.  1.     Curve  of  Mortality  from  Automobile  Accidents 
in  United  States,  1906  to  1919 


Electric  Light  Association  Convention  in 
Chicago,  Arthur  Williams  in  speaking  of 
electric  vehicles  called  attention  to  the  great 
economy  in  trucking  costs  by  applying  the 
double-shift  idea  to  this  work.  He  estimated 
possible  cost  reductions  as  great  as  one-half 
due  to  the  increased  utilization  of  equipment 
and  terminal  facilities  and  due  to  the  use  of 
the  streets  during  the  less  congested  hours. 
This  night  use  of  streets  can  be  fully  devel- 
oped only  by  providing  improved  street 
lighting.  The  importance  of  the  double- 
shift  utilization  of  crowded  thoroughfares 
should  not  be  underestimated,  for  it  must  lie- 
remembered  that  also  it  effects  a  very  impor- 
tant community  economy  by  postponing  the 
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time  when  expensive  duplicate  thoroughfare 
construction  will  be  required  by  the  increas- 
ing volume  of  city  streel  traffic.  Possibly  the 
full  seriousness  of  the  problem  of  handling 
the  high-speed  traffic,  resulting  from  the 
almost  universal  adoption  of  automobiles  as 
means  of  transportation,  is  not  yet  fully 
apparent.  In  1910,  187,000  passenger  and 
truck  automobiles  were  produced;  in  1920, 
2,205,000        Today     nearly     10,000,000    are 


death  total  was  only  IS3,  in  1919  the  total  was 
7,969.  The  curve  is  plotted  from  data  com- 
piled by  The  Prudential  Insurance  Company 
of  America;  and  while  reference  is  made  to 
fatal  accidents  only,  it  follows  that  cases  of 
lesser  injury  and  property  damage  have  been 
increasing  at  practically  the  same  rate.  This 
mounting  total  of  personal  and  property 
damage  has  spurred  both  civic  authorities 
and  local  and  national  safetv  associations  to 


CHART  I 


Summer  Accidents  (June  and  July) 

r  ■      222    ■    \ 


9AM-4PM. 


Winter  Accidents    Dec  «nd  J«n  I 

1  \°>7     ~~\ 


EH     \tom-5AM.  1     a 


The  net  result  of  better  conditions  of  pavement  on  the  one  hand,  and  of 
greater  density  of  traffic  on  the  other,  is  a  10-12  per  cent  decrease  in  accidents 
during  the  winter  months.  This  condition  obtains  whether  the  record  is  taken 
for  the  daylight  or  the  totally  dark  hours. 


chart  n 


i-Vi 


\5PM.-9PM\ 


:£i?3£ 


During  four  hours  of  the  evening  which  have  daylight  in  the  ! 
>  dark  in  winter,  the  number  of  accidents  in  winter  over  the  whole  dry  is  23 


From  Chart  I,a  10  per  cent  decrease  would  have  been  anticipated.  In 
other  words,  the  lack  of  light  is  the  cause  of  27  per  cent  of  the  accidents  which 
occur  after  nightfall. 

There  were  1059  accidents  which  occurred  after  dark  last  year. 


CttARTm 

White  Way  Dutrict 


Summer  Accident* 


\5PM.-9PM\ 


Winter  Accidemi 


alysis  of  3549  Accidents  in  Cleveland,  Ohio.  1919,  Showing  the  Relati( 
between  Street  Lighting  and  Traffic  Accidents 


traversing  the  highways  and  streets  of  the 
United  States.  Yet  while  in  most  cities  street 
lighting  has  been  improved  to  some  extent, 
only  in  a  small  percentage  has  there  been  a 
radical  improvement  in  proportion  to  the 
increased  requirements. 

The  curve  of  Fig.  1  shows  the  rapid  increase 
in  fatal  accidents  due  to  motor  vehicles  in 
the  United  States  during  the  period  since 
1906.     It  will  be  noted  that  while  in  1906  the 


institute  campaigns  of  education  to  induce 
greater  care  on  the  part  of  those  using  the 
streets  both  by  day  and  night.  However,  in 
conjunction  with  the  efforts  to  secure  proper 
traffic  regulation  and  the  elimination  of  care- 
lessness, it  is  necessary  that  there  be  an  ade- 
quate and  proper  illumination  of  the  streets, 
for  at  night  on  a  poorly  lighted  thoroughfare 
even  the  best  of  care  cannot  reduce  the  acci- 
dent risk  to  that  of  davtime. 


GOOD  STREET  LIGHTING  A  MUNICIPAL  NECESSITY 


An  estimate  of  the  economic  loss  to  1 1n- 
community  resulting  from  automobile 
dents  was  recently  made  by  Dr.  R.  S.  Vitt, 
Coroner  of  the  City  of  Si  Louis,  and  W.  L. 
Patterson,  a  consulting  engineer  who  has  been 
investigating  the  number,  types,  and  causes 
of  automobile  accidents  in  that  city,  month 
by  month.  Assuming  an  average  length  of 
life  of  forty-five  years  and  an  average  yearly 
wage  of  $2000,  Coroner  Vitt  estimates  that 
the  earning  capacity  of  the  599  persons 
killed  by  automobile  accidents  in  St.  Louis 
during  the  last  thirteen  vears  could  have 
exceeded  $12,000,000.  Mr."  Patterson  reports 
that  during  the  year  ending  April  I,  1021), 
exactly  $457,712.50  in  property  damages 
resulted  from  8,537  street  accidents  of  which 


Withoul   taking  o  into  the  details 

of  the  survey,   1 1  ial   point  ma 

noted  thai  showed  that  the  lack 

of    proper    illumination    contributed    to    fully 
twenty-seven  per  cenl  of  the  1059  accidents 
which  occurred  after  dark  during  thai 
in   Cleveland.     The   survey  further  si 
thai  while  of  course  il  al  the 

presenl  time  to  provide  artificial  streel  light- 
ing   which    is   fully    as   effective   as    daylight 
itself,  nevertheless  in  the  white-way  di 
in   Cleveland    (lighted   by    1500-candl< 
lamps)   the  accidents  did   not  increase  with 

the  failun la  .  ligh  ing  like  the 

same  rate  as  m  the  poorly  lighted  section 

Following  the  completion  of  the  Cleveland 
survey,  similar  investigations  have  been  made 


Fig.  3.      Examples  from  a  Series  of  Cartoons  Embodied  in  Publicity  Matt 
Interest  of  Better  Street  Lighting  in  Chicago 


Recently  Issued  in  the 


6,320  involved  automobiles.  Coroner  Vitt 's 
report  also  emphasizes  the  community  loss 
beyond  that  of  money  value : 

"Twelve  million  dollars,"  it  states,  "is  an 
extremely  low  estimate  of  the  amount  of 
money  599  persons  might  earn  in  the  course 
of  their  individual  service  to  society  during 
a  life  of  even  average  length.  This  figure  does 
not  begin  to  represent  the  loss  in  dollars  and 
cents  to  the  community,  and  it  does  not  take 
into  account  that  greater  loss  which  cannot 
be  measured  in  money." 

Nearly  everyone  is  familiar  with  the  acci- 
dent data  prepared  by  the  Travelers  Insur- 
ance Company  showing  that  nearly  twenty- 
four  per  cent  of  the  industrial  accidents  have 
been  attributed  to  lack  of  illumination.  A 
survey  of  street  accidents  conducted  in  the 
City  of  Cleveland  two  years  ago  by  Ward 
Harrison,  Illuminating  Engineer  of  the  Na- 
tional Lamp  Works,  has  shown  that  there  is 
a  similar  definite  relation  between  street 
lighting  and  traffic  accidents.  The  chart  of 
Fig.  2  summarizes  the  result  of  this  survey 
of  3549  accidents  during  one  year,  1059  of 
which  occurred  during  the  hours  of  darkness. 


in  more  than  30  other  cities  in  the  United 
States  the  results  of  which  are  not  yet  pub- 
lished but  which  show  substantially  the  same 
indication  of  the  importance  of  light  in  the 
reduction  of  traffic  accidents.  This  evidence 
points  to  the  serious  responsibility  upon  those 
who  have  city  management  in  charge,  to  take 
advantage  of  the  permanent  reduction  in  acci- 
dent damage  and  loss  of  life  afforded  by  prop- 
erlv  planned  and  efficiently  operated  street 
lighting. 

Good  Street  Lighting  Lessens  Crime 

There  is  an  inherent  association  between 
crime  and  darkness  recognized  by  all .  Through- 
out  the  ages  the  worst  and  vilest  deeds  have 
been  done  under  cover  of  darkness.  In  fact, 
so  well  understood  is  the  preference  of  the 
evil  doer  for  darkness  that  headlines  announce 
the  unusual  daring  of  the  robber  who  commits 
a  "daylight"  crime  while  the  same  crime 
committed  at  night  is  noted  in  a  paragraph 
as  a  commonplace.  The  recognized  feeling  i  if 
increased  safety  amid  well  lighted  surround- 
ings therefore  rests  upon  a  more  substantial 
foundation  than  simply  an  inherited  dread  of 
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the  danger  oi   darkness;  for  the  wrongdoer 

oach  without  warning  when 

there  arc  dark  shadowy  spaces,  and  his  "get- 

"  is  Trade-  many  times  more  sure  when 

are  conveniently  dark  passageways  and 

alleys  in  which  detection  is  difficult. 

The  effectiveness  of  street  lighting  as  a 
deterrenl  to  crime  is  crystallized  in  the  oft 
d  statement  attributed  to  a  former 
o  to  the  effect  that  "a  street 
lamp  is  as  good  as  a  policeman."  While  of 
course  policemen  are  needed  even  in  the  day- 
time, there  can  lie  no  question  but  that  good 
street  lighting  is  a  powerful  adjunct  and  aid 
to  the  f(  iree  <  if  law  and  order.  The  most  strik- 
ing illustrations  of  the  importance  of  lighting 
in  preserving  community  safety  come  when 
by  accident  or  otherwise  all  street  lamps  are 
out  for  a  period  of  time.  For  example  in 
Chicago  during  the  war  an  attempt  was  made 
to  reduce  coal  consumption  by  extinguish- 
ing the  street  lamps.  The  following  news- 
paper headlines  indicate  the  immediate  result : 

ELECTRICITY  THE  SILENT  POLICEMAN 


CHICAGO   DARK;   BANDITS  BUSY 


THIRTY-TWO  HOLDUPS  AND  MANY  OTHER 
CRIMES   IN   TWO-DAY   PERIOD 


MAYOR'S   MOTOR   STOLEN 


STREET  LIGHTING,   TURNED  OFF   TO   SAVE 
COAL,    TURNED  ON   TO   SAVE   PEOPLE 


Needless  to  say  it  was  decided  that  the 
street  lighting  was  necessary  even  in  the  face 
of  a  severe  fuel  shortage. 

Good  Street  Lighting  Contributes  Greatly  to  Com- 
fort and  Convenience 

While  the  fundamental  or  elementary  serv- 
ice performed  by  street  lighting  is  that  of 
accident  and  crime  prevention,  it  has  an 
equally  important  part  in  contributing  to  the 
rt  and  convenience  of  the  communitv. 
A  satisfactory  street  lighting  system  not  only 
makes  possible  the  traversing  of  sidewalks 
and  streets,  but  effectively  reveals  minor 
inequalities  in  sidewalks  and  paving  sur- 
faces and  makes  walking  both  safe  and  pleas- 
ant.     Even    in    less    frequented    locations,   a 


printed  or  written  address  is  readable  with- 
triking  a  match.  Street  signs  are  well 
enough  lighted  to  be  easily  made  out  without 
the  necessity  of  stopping  to  decipher  them. 
House  numbers  are  visible  at  a  reasonable 
distance.  Passing  friends  may  be  recognized 
on  the  streets  in  any  part  of  the  city. 

Present  costs  do  not  permit  an  equally 
high  degree  of  illumination  for  all  sti 
but  at  least  in  the  more  congested  areas  a 
satisfactory  level  of  illumination  makes  it 
possible  to  read  newspapers  or  other  matter 
while  waiting  anywhere  on  the  sidewalk.  The 
goal  of  a  street  lighting  plan,  which  is  reason- 
ably attainable  without  an  undue  expenditure, 
should  be  that  the  normal  daylight  activities 
on  streets  may  proceed  at  night  practically 
without  delay  or  increased  difficulty. 

Commercial  Advantages  of  Well  Planned  Lighting 

The  distinct  gain  in  business  efficiency  from 
the  extension  of  the  hours  of  operation 
through  the  safe  and  comfortable  use  of 
streets,  made  possible  by  good  street  light- 
ing, has  been  referred  to.  Experience  in 
dozens  of  communities  has  shown  that  proper 
illumination  is  of  advantage  in  setting  up 
favorable  conditions  for  prosperity  and  prog- 
ress in  several  ways.  Light  exercises  a 
definite  attraction  for  all  people  and  it  is  a 
familiar  story  how  the  illumination  of  a 
white-way  street  lighting  system  changes 
a  street,  which  previously  was  practically 
deserted  after  sunset,  into  a  scene  of  activity 
and  life  throughout  the  evening  hours.  In 
specific  instances  where  only  one  of  two  com- 
mercial streets  was  equipped  with  new  light- 
ing, the  well  lighted  street  has  gained  in  the 
ratio  two  to  one  and  even  three  to  one  in 
evening  traffic  as  compared  with  the  poorly 
lighted  street.  The  effect  upon  property 
values  of  such  a  concentration  of  business  is 
obvious  to  any  one  familiar  with  the  way 
trade  follows  the  crowd.  Without  consider- 
ing the  business  interests  of  the  merchants, 
well  lighted  business  streets  represent  a  real 
advantage  to  that  very  considerable  number  of 
the  population  engaged  in  work  throughout 
the  day  and  who  therefore  must  do  their 
shopping  during  the  evening  hours. 

Progressive  real  estate  promoters  have 
realized  the  importance  of  good  street  light- 
ing in  adding  to  the  attractiveness  and  value 
of  property,  and  in  developing  new  allotments. 
Therefore  a  liberal  number  of  ornamental 
lamp  posts  are  very  commonly  installed  with 
underground  current  supply  in  place  of  the 
meager    allowance     of     lighting     equipment 
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which  is  all  the  limited  municipal  appropria- 
tions will  usually  permit  in  outlying  districts 
This  practice  has  not  only  been'  found  to 
increase  the  sale  value  of  the  property  but  has 
sometimes  been  found  to  have  the  additional 
advantage  that  it  enabled  showing  the  prop- 


clid  Avenue,  Cleveland,  Ohio,  at  Night.    An  Example 
of  Modern  Street  Illumination 


erty  at  night  to  prospective  buyers  some  of 
whom  were  not  able  to  arrange  to  come  in  the 
daytime. 

In  the  foregoing  some  of  the  possibilities 
of  proper  street  lighting  have  been  briefly 
outlined.  Granting  that  these  services  are  of 
obvious  importance  to  a  community,  it  is 
unfortunately  true  that  in  many  instances 
there  has  been  a  tendency  on  the  part  of  city 
administrators  to  hesitate  in  allowing  any 
increase  in  appropriation  for  street  lighting. 
Even  in  the  face  of  conditions  where  two  or 
even  five  times  the  existing  illumination  is 
really  necessary,  pressure  for  economy  has 
sometimes  induced  consideration  of  plans  for 
reduction  of  street  lighting  service.  This  is 
in  contrast  with  the  well  recognized  policy  on 


rmnici- 
pal  service  oi  first  qualil  .  in  - 
J  ubhc  strui  represent  il  i 

")  architecture  for  the  purpose,  ai  - 
appropriations  are  no1  begrudged  to  i,, 
propei   !  treel   paving    the  mo  I   el 
fighting   equipmi  til     and   ai 
force     A    an  of  i  id  dissatisfaction  with 

rough  broken  pavements  is  soon  evidenced 
by  an  insistent  public  demand  for  an  expi 
ture  to  provide  repairs  and  new  paving.     An 
inadequacy  of  fire  lighting  equipment    ■ 
allowsa  tire  to  get  beyond  control  is  duly  aired 
m  the  new   papers  and  in  conversation  so 
the  inefficiencies  are  soon  remedied  by  new 
purchases.    A  series  of  bold  robberies  quickly 
develops  public  sentiment  in  fa   01  oi  in  reased 
police  protection. 

An  accelerated  progress  in  providing  street 
illumination  sufficient  in  quantity,  and  an 
equal  progress  in  adopting  equipment  which 
in  appearance  is  in  step  with  the  efforl 
private  citizens  and  civic  authorities  to 
develop  a  city  of  good  appearance,  would 
therefore  appear  to  wait  only  on  a  more  wide- 
spread appreciation  of  what  good  street 
lighting  means  in  preventing  accidents,  de- 
creasing crime  and  in  adding  to  the  comfort, 
convenience,  and  personal  profit  of  all. 

The  automobile,  which  is  such  an  impor- 
tant factor  in  making  necessary  improved 
lighting,  is  in  itself  an  agent  for  disseminating 
the  necessity  for  good  street  lighting.  It  may 
be  anticipated  that  inter-city  touring  which 
has  become  so  popular  will  insure  that  repre- 
sentative citizens  of  poorly  lighted  communi- 
ties will  observe  in  actual  demonstration  the 
benefits  of  good  street  lighting  in  the  few 
cities  where  desirable  levels  of  illumination 
have  already  been  approached. 

That  public  appreciation  of  some  of  the 
functions  of  street  lighting  is  increasing,  is 
illustrated  by  a  recent  incident  in  a  suburb 
of  San  Francisco.  A  woman  was  accidently 
killed  by  an  automobile  at  a  dark  corner  and 
in  exonerating  the  driver  of  the  machine  the 
newspaper  report  states  that  the  coroner's 
jury  charged  the  Lighting  Committee  of  the 
Board  of  Supervisors  with  the  legal  respon- 
sibility for  the  woman's  death,  basing  their 
charge  upon  the  circumstance  that  the  loca- 
tion where  the  accident  occurred  was  well 
known  as  a  poorly  lighted  spot  and  that  other 
juries  had  previously  recommended  that  the 
Lighting  Committee  improve  the  illumina- 
tion so  as  to  eliminate  the  accident  hazard. 
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Highway  and  Thoroughfare  Lighting 

By  W.  L.  Harraden 
Si  ppli  Department,  General  Ei  eci  ki<  (  :ompany 

nd  constantly  increasing  night  traffic  on  our  highways,  the  necessity  for  some  form  of  illu- 
minatiot  tions  and  danger  point 

mobili   i  dividuals  in  various  parts  of  the  country  are  pressing  the  matter  with  numerous  to ■■ 

ghting  installations  of  this  nature  will  b 
future.     The  new  Novalux  highway  lighting  unit  described  in  the  following  article  pro 
if  the  problem.    -Em  roR. 


The  latest  addition  to  the  street  lighting 
familj  is  a  i  xture  to  be  known  as  the  Novalux 
Highwa}    i  !  int. 

It  consists  hi  small  reflectors  scientifically 
shaped  and  so  assembled  that  they  do  the 
work  nf  an  ordinary  reflector  15  ft.  in  diameter. 
The  engineers,  in  designing  this  unit,  have 
evolved  several  new  features  because  this 
unit  is  to  l>e  recommended  for  places  that 
;. lit  rent  distribution  of  light  than 
has  bei  Ly  considered.    For  instance, 

then  i-  in1  he  d  of  lighting  the  vacant  fields 
along  the  highways  and  therefore  these  reflec- 
tors have  been  so  arranged  that  the  bulk  of 
light  rays  is  collected  and  thrown  up  and 
down  the  road,  very  little  going  to  the  sides 
or  in  an  upward  direction. 

The  value  of  this  construction  can  best  be 
appreciated  by  referring  to  the  photometric 
curve  in  Fig.  4,  which  shows  that  3700  c.p. 
is  obtained  from  each  end  of  the  fixture  when 
only  a  250-c.p.  lamp  consuming  155  watts  is 
used.  The  light  that  falls  upon  the  inside 
reflector  is  that  which  would  ordinarily  go 
bey<  md  the  outer  edge  of  the  outside  reflector, 
therefore  most  of  the  upward  and  side  light 
■  atly  reduced  and  the  downward  light  is 
increased  that  amount. 

With  this  wonderfully  efficient  unit,  high- 
ways can  be  illuminated  at  very  little  expense 
because  there  is  little  energy  used  and  the 
cost  of  renewing  the  lamps  is  small.  Further- 
more, the  long  narrow  beam  of  light  from  each 
end  of  this  unit  illuminates  the  road  for  a 
great  distance  in  both  directions,  which  fact 
makes  unnecessary  the  placing  of  the  units 
near  together  and  thus  minimizes  the  installa- 
tion o 

Excellent  illumination  can  be  obtained  by 
spacing  these  unit-  aboul  300  ft.  apart  and 
using  250-c.p.  lamps,  and  very  fine  results  can 
be  "lit  tuned  with  spacingsup  to  600ft.  Larger 
lamps  can  be  used  if  more  light  is  desired. 

If  highways  are  properly  lighted  the  glare 
iutomobile  headlights  is  less  noticeable 
'    it  will  be  possible  to  drive  with  the 
headlights  dimmed. 


As  automobile  owners  appear  to  be  acquir- 
ing the  habit  of  spending  a  considerable  por- 
tion of  their  evenings  in  driving  for  recreation. 

the   lighting   of   the   highways   should   be   as 
seriously  cons]  lered  as  that  of  city  streets. 


Fig.  1.      Highway  Lighting  Unit.  Showing  the  Nest  of  Paraboli, 

Refractors  on  the  Near  Side  and  the  Flexible  Method 

of  Mounting  the  Unit 


Also,  auto-express  companies  have  sprung 
up  all  over  the  country  and  as  a  large  percent- 
age of  the  trucking  is  done  over  night,  the 
lighting  of  highways  is  required  for  the  con- 
venience and  protection  of  these  trucks  as  well. 

The  six  reflectors  in  this  fixture  are  of  fire 
enameled  steel,  three  on  each  side.  One 
lamp  furnishes  the  illumination  for  both  sides 
of  the  unit. 

The  fixture  has  an  adjustable  bracket  so 
that  the  opening  at  the  lower  part  of  the 
reflector  can  be  pointed  direct  to  the  road 
surface  whether  the  pole  is  close  to  the  edge 
of  the  road  or  sets  back  several  feet.  This 
adjustment  also  allows  for  tipping  the  reflec- 
tor when'  installed  on  hills  and  at  curves. 

The  units  should  be  mounted  from  31 1  to 
35  ft.  above  the  road  surface.  At  first  thought 
some  people  get  the  idea  that  there  v 
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Fig.  2.      Diagram  Showing  the  Direction  of  Light  Rays  Emitted  from  the  Highway  Li;hling  Unit 


Fig.  3.      Paradise  Road,  Swampscott,  Illuminated  by  Highway  Lighting  Units  Containing  250-c.p.,  4-amp.  Mazda  Lamps 


Fig    4       Preliminary  Photometric  Distention  Curve  of  Light  from  a  250-c.p.,  4-amp.  Highway  Lighting 
Unit  Operated  at  2500  Lumens 
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an  enormous  amount  of  glare,  but  this 
the  case  as  the  illuminating  surface  of  the 
tors  offsets  the  brightness  of  the  lamp 
and  one  sees  the  unit  as  he  would  a  large 
diffusing  globe. 


By  illuminating  signs,  sides  of  road, 
and  obstacles. 
Add-  to  comfort  of  night  driving 
By  relieving  eye  strain 
By  assisting  in  making  repairs 


Fig.  5.      Novalux  Pendent  Thoroughfar 

Lighting    Unit    with  Reflector  and 

Prismatic  Dome  Refractor 


ig.  6.      Thoroughfare 

d-c.  Series  Luminous 

Arc     Lamp     with 

Prismatic  Dome 

Refractor 


Fig.  7     Novalux  Pendent  Thoroughfare  Unit 

with  Clear  Rippled  Globe  and  Prismatic 

Dome  Refractor 


A  Street  Intermediate  Between  a  Business  District  and  Highway  Lighted  by 
Novalux  Mazda  Lamp  Units  Equipped  with  Refractors 


me  of  the  advantages  of  highway  light- 
ing may  be  listed  as  follows: 
1.     Prevents  accidents 

(a)  By  showing  up  dangerous  curves 

(b)  By  reducing  headlight  glare 


(c)  •  By  discouraging  hold-ups. 
Increases  night  traffic  and  thereby  relieves 

day  congestion. 
Decreases  running  time  and  increases  road 

capacity. 


ALTERNATING-CURRENT  SERIES  STREET  LIGHTING  CIRC1  I  l 


5.     Helps   bring   electricity   to   the   farm   by 

providing  a  pole  line. 
(i.     Increases  real  estate  values 

(a)  By   tending   to   expand    the   city 
along  the  highways 

(b)  By      extending      electrical       con- 
veniences. 

Millions  of  dollars  are  appropriated  every 
year  for  good  roads.  Soon  we  expect  an  addi- 
tional allotment  will  be  included  for  lighting 
the  most  congested  highways.  This  money 
will  be  well  spent  if  it  accomplishes  <>nl\  one 
of  the  foregoing  claims;  the  prevention  oi 
accidents. 

Thoroughfare  Lighting 

Now  as  for  lighting  the  thoroughfares  con- 
necting the  highways  with  the  business  section 
of  cities  both  the  pendent  4,  5,  and  li.li-amp. 


luminous  arc  and  the  250,  400,  600,  and  1000- 

'  r  incandesci  n1  fixture   are  available.      I  hi 

incandescent  units  shou 

with|Holopl 

is  very  lir.-n  j   on  wide  thorough! 

units  should  be  spaced  from  150  to  25 

both    sides   of    the    roadway.      A 

decrea  ;e  or  the  highway  narrows,  ever}  other 

light  may  be  omitted,  preferably  leaving  a 

staggered    arrangement.        \\, 

should  be  approximately  25ft.  and  tievei 

than  20  ft.     Ordinarily  long  mast  arms  may 

be   used    but,  where    there    are    large    thickly 

foliaged  I  ree     best  resull    an  '  from 

center  span  suspended  fixtures. 

In  wholesale  and  manufacturing  districts, 
where  police  and  fire  protection  are  of  prime 
importance  and  where  trees  are  scarce, 
a  600-c.p.  lamp  every  .inn  feci  is  sufficient. 


Alternating-current  Series  Street  Lighting  Circuits 

LINE  LOSS  ANALYSIS  OF  No.  6  AND  No.  8  WIRE*  AND  PER  CENT 
RELATION  OF  LINE  LOSS  TO  LAMP  WATTAGE 

By  H.  E.  Butler 

Illuminating  Engineering  Laboratory,  General  Electric  Company 

This  article  analyzes  the  line  loss  of  the  cables  that  are  commonly  used  for  series  street  lighting  circuits. 
The  economical  size  of  wire  depends  upon  local  conditions,  such  as:  the  size  of  lamp,  the  linear  separation  of 
lamps,  whether  an  aerial  or  underground  system,  and  the  capacity  of  the  circuit  together  with  the  prevailing 
cost  of  copper.  In  general,  series  street  lighting  circuits  when  once  installed  are  permanent  and  are  not  replaced 
by  new  cable  when  obsolete  illuminants  are  replaced  by  modern  illuminants.  This  is  evident  when  we  consider 
that  the  majority  of  street  lighting  circuits  installed  when  Elihu  Thomson  perfected  his  open  carbon-arc  lamp 
are  still  in  use  today  for  modern  Novalux  units  equipped  with  Mazda  series  lamps.  The  author  discusses  the 
factors  that  should  be  taken  into  consideration  before  deciding  upon  the  size  of  conductors  and  further  shows 
the  advantages  which  result  from  the  use  of  large  instead  of  small  Mazda  lamps  on  series  circuits. — Editor. 


Some  of  the  factors  which  determine  the 
margin  of  profit  in  operating  an  alternating- 
current  series  street  lighting  system  are  the 
size  of  wire  used  and  the  relation  of  line  loss 
to  lamp  wattage. 

The  problem  of  selecting  the  conductor  size 
for  this  type  of  circuit  is  exceptional  in  that 
the  current  density  can  be  neglected.  This 
condition  results  from  the  fact  that  the 
mechanical  stresses,  caused  by  suspension 
overhead  or  pulling  into  conduit  underground, 
are  so  great  that  a  wire  large  enough  to  be 
safe  in  these  respects  will  be  capable  of  carry- 
ing a  current  several  times,  greater  than  the 
operating  value.  Of  the  variety  of  wire  sizes 
available,  No.  6  and  No.  8  are  now  the  most 
commonly  used,  the  former  being  the  ordinary 
size  for  aerial  lines  and  the  latter  generally 
recommended  for  underground  cables. 

*  Brown  and  Sharp  gauge. 


Following  the  introduction  of  the  series 
system,  constant-current  transformers  rang- 
ing in  current  rating  from  1.75  to  10  amp. 
secondary  have  been  installed.  This  wide 
range,  however,  necessitated  carrying  in  stock 
such  a  variety  of  lamps,  transformers,  and 
accessories  as  to  limit  the  commercial  effi- 
ciency of  the  series  system  and  accordingly 
the  ratings  were  reduced  in  number  to  5  5, 
6.6  and  7..")  am]>.  There  are  in  use  today  more 
circuits  of  7.5  amp.  than  of  •">.•">  amp.,  but  the 
number  of  either  of  these  is  considerably 
exceeded  by  that  of  6.6-amp.  circuits  and  the 
tendency  is  toward  the  standardization  of 
this  rating. 

Explanation  of  the  Charts 

Fig.  1  presents  data  showing  the  relative 
line  losses  of  5.5,  6.0,  and  7.5-amp.  series 
circuits  of  various  lengths  for  both  No.  6  and 
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No.  8  conductors.  These  curves  permit  the 
reach-  determination  of  the  advantage  o 
size  of  conductor  over  the  other,  but  the  pre- 
vailing cost  of  cupper  must  lie  taken  into 
'it.  that  is.  whether  the  interest 
and   depreciation   mi    the   additional   invest- 
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Fig.  1.      Line  Loss  of  No.  6  and  No.  S  Conductor  for  5.5,  6.6. 
and  7.5-amp.  Circuits  of  Various  Lengths 

ment  in  No.  6  copper  will  be  greater  than 
the  cost  of  power  consumed  in  the  extra  line 
loss  of  No.  8  cable.  This  point  is  especiallv 
important  in  underground  work  as  both  No.  6" 
and  No.  8  cables  are  used. 

Fig.  2  gives  the  approximate  relative  cost 
of  No.  6  and  No.  8  cable  for  both  aerial  and 
underground  sen-ices.  It  shows  that  for 
aerial  service  the  cost  is  the  same  for  all 
voltage  insulations  as  weatherproof  material 
is  the  standard  insulation  for  all  voltages, 
while  for  underground  circuits  this  cost 
increases  with  the  normal  working  pressure 
because  of  the  increasingly  heavy  insulation 
that  is  necessary. 

Figs.  3,  4  and  5  show  the  per  cent  relation 
of  line  losses  to  lamp  wattage  of  5. .3.  6.6,  and 
7.5-amp.  series  circuits  respectively  for  No  6 
and  No.  8  wire  with  all  standard  sizes  of  series 
lamps. 

Fig.  6  shows  the  relative  PR  and  induct- 
ance losses  for  different  operating  currents 
in  the  line  for  both  Xo.  6  and  Xo.  8  cable 


with  lead  grounded  and  steel  grounded 
armor.  It  will  be  seen  that  the  losses  in  the 
line  due  to  inductance  are  practically  the 
same  for  both  No.  6  and  No.  8  copper.  The 
inductance  losses  for  No.  (i  copper  are  practi- 
cally in  proportion  to  its  PR  losses  while  the 
inductance  losses  of  No.  8  copper  are  about 
%  of  its  PR  losses.  This  is  true  when  the 
current  does  not  exceed  20  amp. 

Pig.  7  outlines  briefly  the  types  of  cable 
used  for  aerial  and  underground  series  street 
lighting  circuits.  The  insulations  described 
are  standard  for  the  systems  of  distribution. 
It  will  be  noted  that  the  same  insulation  is 
used  for  the  aerial  cable  regardless  of  what 
the  normal  working  pressure  may  I  •■ 
servicedoesnotrequireheavilyinsulatedeable), 
therefore  for  aerial  work  the  insulation  cost 
of  the  cable  does  not  increase  with  the  normal 
working  pressure,  as  is  the  case  with  the  armored 
cable  used  for  underground  work.  In  the  la1  ter 
case  the  insulation  is  tested  for  approximated 
three  times  the  normal  working  voltage  in 
order  to  eliminate  the  possibility  of  grounds 
and  to  meet  street  lighting  requirements. 
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Fig.  2.     Relative  Cost  of  No.  6  and  No.  8  Aerial 
and  Underground  Cable 
A:   Xo.  6  Underground  Parkway  Cable 
B;    No.  S  Underground  Parkway  Cable 
(       Xo.  6  Aerial  Cable,  Same  Insulation  for  All  Voltages 
D:   Xo.  8  Aerial  Cable,  Same  Insulation  for  All  Voltages 

Figs:  3,  4  and  5  show  the  per  cent  relation 
of  line  losses  to  lamp  wattage  for  100  to 
1,000  ft.  of  wire.  This  range  represents  the 
general  length  of  copper  wire  that  may  be 
used  per  lamp  in  a  total  circuit.     The  tables 
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below  the  curves  show  the  standard  range  of 

series  incandescent  lamps  for  street  lighting. 
The  rated  wattage  and  lumens  per  lamp  are 
indicated  for  comparison  and  consideration. 
To  illustrate  the  usefulness  of  these  curves 
consider  the  determination  of  the  per  cent 
relation  of  line  loss  to  lamp  wattage  for 
the  (i.li-amp.  60-c.p.  lamp  as  compared 
with  the  (it.  20-amp.  600-c.p.  lamp*  using 
K it i()  ft.  of  Xo.  (i  wire  per  lamp.  By  referring 
1,  which  gives  these  data  for  the  6.6- 
amp.  circuit  using  Xo.  0  and  No.  S  wire,  it 
will   lie  noted  in  the  table  that  the  wattage 


The  utility  of  Figs.  1,  2  and  0  may  be 
illustrated  by  considering  the  advisability 
of  using  Xo.  (i  and  Xo.  8  wire  for  a  li.li-amp. 
underground  system  consisting  of  40,000  feet 
of  standard  street  lighting  armored  cable. 
Pig.  1  shows  the  relative  line  losses  of  5.5, 
6.6  and  7.5-amp.  alternating-current  series 
circuits  of  No.  6  and  No.  8  copper  wire  and 
furnishes  the  data  listed  in  Table  I.  It  will 
be  observed  from  these  values  that  the  PR 
line  loss  favors  No.  6  cable  by  approximately 
a  saving  of  $33.60  per  year  in  power  at  2  cents 
per  kilowatt-hour  for  4000  hr.  per  year. 


/ 

■' 

' 

' 

- 

/ 

/ 

/ 

. 

y 

* 

¥ 

, 

' 

' 

1 

p 

'  ■ 

-' 

/ 

/ 

' 

..'- 

■ 

f*oz 

'•• 

■ 

.••■ 

,- 

/ 

/ 

/ 

J 

/ 

■y 

/ 

y 

■ 

/' 

/ 

A 

>>-- 

6 

, 

rse  t  pf/p  l  amp 


TO  TAL  rtr  7  Or  COJ°Pftf 


t.  *fff>s  //v  c  /#  c<//  r 


LAMf 

GOC„ 

eo  en 

,oocr 

250C  /? 

SO.* 

Gl  / 

7/.+ 

,S3 

•  ;-'.  .-'• 

GOO 

aoo 

/ooo 

Z500 

Loss  to  Lamp  Wattage  for  7.5-amp.  Circuit  lo 
for  All  Standard  Sires  of  Series  Lamps 


for  the  60-c.p.  lamp  is  49.2  watts  and  the 
wattage  for  the  600-c.p.  lamp  with  auto- 
transformer  is  330  w^atts.  The  60  and  600- 
c.p.  curves  for  No.  6  wire  in  Fig.  4  show-  that 
the  6.6-amp.  60-c.p.  lamp  gives  the  relation 
of  line  losses  to  lamp  wattage  as  35.8  per  cent 
and  for  the  600-c.p.  lamp  the  percentage  is 
5.34.  Therefore  the  wattage  of  the  60-c.p.  lamp 
including  line  losses  is  49.2  X 1 .358  =  66. 8, while 
the  wattage  of  the  600-c.p.  lamp  including 
line  losses  is  330  X 1 .054  =  34S.  Therefore,  the 
operating  efficiency  of  the  600-c.p.  lamp  is 
materially  better  than  that  of  the  smaller 
lamp  and  should  encourage  the  use  of  larger 
lamps  for  street  lighting. 

*  With  auto-transformer. 


TABLE  I 
6.6-AMP.   CIRCUITS 


Size  Wire 

PR  Watts  Lost 

in  40.000-ft. 

Circuit 

Watts 
Difference 
V-R  Line 

Losses 

Cost  of  Difference 
in  Power  at  2  Cents 

Per  Kw-hr.  for 
4.000  Hr.  Per  Year 

No.  6 
No.  8 

690 

1110 

420 

$33.60 

From  the  curves  in  Fig.  6  can  be  deter- 
mined the  relation  of  PR  loss  and  inductance 
loss  for  both  No.  6  and  No.  8  wire,  lead 
grounded  and  steel  grounded  armor,  for 
different  operating  currents  based  on  1000  ft. 
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of   wire.      The   line   loss    due    to    inductance 
depends  largely  on  local  conditions  su< 
the  distance  of  separation  between  the  wins. 
the  overall  thickness  of  the  insulation,   and 
whether  the  armor  is  grounded. 

The  line  inductance  loss  varies  consider- 
ably for  different  grades  of  steel  armor.  The 
bending  and  the  variation  of  magnetic  prop- 
erties of  the  armor  may  also  cause  the  loss 
to  vary  over  a  wide  range.  Therefore  the 
inductance  loss  may  differ  greatly  from  the 
values  indicated  in  Fig.  6.  However,  the 
curves  represent  practically  average  con- 
ditions that  exist  for  the  underground  system 
of  series  street  lighting.  Therefore  it  will 
be  found  that  while  the  PR  line  loss  favors 
No.  0  armored  cable,  as  is  indicated  in 
Table  I,  the  loss  due  to  inductance  is  prac- 
tically the  same  for  both  No.  6  and  No.  8 
armored  cable. 

By  referring  to  Fig.  2,  the  relative  costs  of 
No.  6  and  No.  8  armored  cable  can  be  ob- 
tained. Consider  that  the  load  is  .30  kw.  non- 
inductive,  the  secondary  current  is  6.6  amp., 
and  the  normal  working  pressure  or  voltage 

•      .  ,     30,000   .       ,„„       , 
is  approximately  —    tt~,  i.e.  4oo0  volts.     For 

the  purpose,  5000-volt  armored  cable  would  be 
selected  as  this  is  the  nearest  standard 
available. 

The  cost,  as  derived  from  Fig.  2  for  both 
No.  6  and  No.  8  armored  cable  is  given  in 
Table  II.  These  figures  show  that,  on  the 
basis  of  cost  of  cable,  No.  8  is  the  more 
economical  proposition  as  the  interest  and 
depreciation  of  the  difference  in  the  two 
investments  for  No.  6  and  No.  8  copper  rep- 
resents a  greater  saving  than  the  cost  of 
power  due  to  PR  line  losses  as  indicated  in 
Table  I. 


There  an-  other  questions  which  might  be 
3,4  and  :>  such  as 
determining   the   wattage   diffen  i 
6.6  and  7. .Vamp,  circuits  for  an 
size  of  standard  series  lamp  when  using  No.  >'• 
and  No.   8  copper.      For  in 


A/npaees 
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Relation  of  PR  and  Inductance  Losses  in  Line  for  No.  6 
nd  No.  8  Copper  Conductor  Based  on  1000  ft.  Single- 
with  conductor  Cable  j3j  in.  Overall  Insulation 
Lead  and  Steel  Grounded  Armor 


that  it  is  decided  to  install  a  0.0-amp.  aerial 
series  circuit  using  100  lamps  of  250-C.p.  each 
and  that  it  is  desired  to  determine  the  rela- 
tive wattage  of  this  lamp  including  the  line 
losses  of  either  No.  6  or  No.  S  copper  with  an 


Size 
Wire 

Cost  for 
1000  ft. 

Cost  for 
tO.OOQ-ft.  Circuit 

Cost 
Difference 

Difference  in  Interest 

Plus  Depreciation  at 

12  Per  Cent 

No.  6 
No.  8 

$221                               $8,840 
190                                 7,600 

$1,240 

$148.80 

Size 
Wire 

Lamp 
Wattage 

Per  Cent  Relation  of  Line 
Loss  to  Lamp  Wattage 

Total  Watts 
Per  Lamp 

Watts  Difference 
for  100  Lamps 

Different .  ii 
Computed  for  4000^ir.  ^ 
at  2  Cents  Per  Kw-hr. 

No.  6 

No.  8 

159 

159 

4.5 

7.0 

166.2 
[69.8 

360. 

$28.80 
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average  spacing  of  WOfi   perlamp.    FroiriFig 

t,  which  gives  these  data  for  both  No.  (i  and 
No.  8  copper,  is  obtained  the  relation  in- 
dicated in  Table  III. 

In  this  ease  it  will  be  observed  that  No.  6 
copper  is  the  more  economical  size  of  wire  for 


The  Size  of  Copper  Conductor  and  Insulation 
Recommended  for  Aerial  use  in  Street  Liqhtinq 


[The Standard  Insulation  consists  of  three 
braids  impreqnated  with  blackweather 

[proof  compound.  Novoltaqe  isquaranteed 

^orspeof  ied  The  insulation  for  protection 

from  qround  is  provided  for  bu.  means  of 

cutouts  and  insulators  that  are  part  of 

[street  liqhtinq  units 

No  6  Copper  Conductor 

The  Size  of  Copper  Conductor  and  Insulation 
General  lq  Recommended  for  Underqround  Work 


Wrap  of  Asphalted  Jute  (protects 
armor  from  corrosion) 

Two  tapinqs  of  band  steel  are  ap- 
plied in  the  same  direction  the 
outertape  cove rinq the  joints 

between  the  turns  of  the  inner 

c, """ft  tape  This  construction  insur 


H.i i  d 


atest  flexibility  and  pre 
vents  openinqs  in  the  armor  wnen 
the  cable  is  bent  (protects  cable 
from  mechanical  injury) 

Asphalted  Jute  (acts  as  a  cushion) 
Lead  Sheath  (is  a  waterproof  jacket) 
Insulation  (rubberor  varnished  cambric) 
1  Copper  Conductor 


Band  steel  armored  cable  is 
qenerallq  recommended  in 
places  where  no  conduit  ex- 
ists as  it  can  be  placed  in  the 
qround  without  conduit  in  the 
mannershown  infiq.8  and 
is  available  for  standard  vol 
taqes  of  600. 2500.5000and  8000 


When  orwhere  conduits 
are  installed, lead  cover- 
ed cable  is  recommended 
and  is  also  available  for 
standard  voltaqesof  600. 
2500. 5000  and  6000 


7.     Standard  Insulations  for  No.  6  Aeri3l 

No.  8  Underground  Alternating-current 

Series  Street  Lighting  Cables 


aerial  service.  If  however  an  underground 
system  were  under  consideration,  it  would 
be  found  that  the  interest  and  depreciation 
i  hi  the  difference  in  the  two  investments  of  No. 
6  and  No.  8  armored  cable  would  favor  No.  8 
armored. 

Inductance  losses  for  cable  that  has  only 
lead  grounded  armor  with  no  steel  armor  is 
not  as  great  as  with  cable  that  has  steel 
grounded  armor.  This  is  due  to  the  steel 
armor    having    highly    magnetic    properties. 

In  many  large  cities  where  conduit  is  used. 

the  only  armor  employed  is  a  lead  cover  as 

the  conduit  takes  the  place  of  steel  armor. 

ore,    with    lead    grounded   armor   and 

conditions  similar  to  that  outlined  in  Fig.  (>. 


with  the  exci  ption  oi  ai red    teel  tape,  the 

loss  due  to  inductance  is  practically  L0  per 
cent  of  the  I'-'R  losses.  The  inductance  loss  is 
therefore  practically  negligible  as  the  PR  loss 
of  a  constant-current  series  circuit  is  low 
compared  to  that  of  a  multiple  distribution 
circuit. 

The    practice   of   using    lead   covered   and 

armored  cable  is  popular  because  of  the 

low   initial    cost    and    because   conduit  is  not 

required  since  the  steel  armored  cable  meets 

the  requirements  fully. 

Data  on  multiple  systems  have  not  been 
included  in  this  article  owing  to  the  fact  that 
series  distribution  is  the  more  commonly  used 
in    this    country    today    for    street    lighting. 


Fig.  3.      Band  Steel  Armnred  Cable  is  generally  recommended 

in  places  where  no  conduit  exists  as  it  can  easily 

be  laid  in  the  ground  without  conduit 

as  shown  in  this  illustration 

There  are  of  course  isolated  cases  where  the 
multiple  system  of  distribution  might  be 
used  to  advantage,  for  example,  where  the 
multiple  system  is  already  available  for  street 
lighting  and  particularly  when  high-tension 
■Aires  are  prohibited.      However,   these  cases 
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are  very  few  and  the  latter  objection  is  hardly 
warranted  due  to  the  fact  that  today  there  are 
available  constant-current  transformers  and 
auxiliaries  which  meet  the  low-voltage  require- 
ments.    The  reason  why  the  series  system  of 
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Fig.  9.     Wl&z&a  Lamp  Candlepower  with 
Variation  of  Applied  Voltage 

distribution  is  more  popular  than  the  multi- 
ple system  is  due  to  the  following  advantages : 

(1)  It  is  impracticable  if  not  impossible  to 
select  lamps  for  the  individual  voltage  of  each 
socket  in  a  multiple  circuit  and  consequently 
there  results  a  variation  in  the  life,  efficiency, 
and  candlepower  all  along  the  line.  No  two 
lamps  will  give  the  same  life  or  the  same 
amount  of  light.  Fig.  9  shows  the  change  in 
candlepower  with   respect   to   voltage   drop. 

On  the  other  hand,  every  lamp  in  a  series 
circuit  is  operated  throughout  its  rated 
life  at  rated  current  and  efficiency.  The  auto- 
matic regulating  feature  of  the  constant-cur- 
rent transformer  maintains  this  condition. 
With  this  system  there  will  be  uniform  life, 
uniform  service,  and  uniform  cost. 

(2)  The  series  circuit  is  the  most  economical 
method  of  wiring  a   street   lighting  system. 


There   may   be   conditions   win-re   an   • 
number  of  lamps  may  be  connected  in  multi- 
ple wit  In  ail   using  mere  copper  but  usually  a 
multiple   circuit    will    require   approxin 

50  per  cent   more  linear  feet   of  wire  than  a 
corresponding    series   circuit.      Pui 
it    the  capacity  of  the  circuil  10  kw. 

the  series  circuit  permit-  a  further  saving  in 
the  cost  of  copper  because  of  the  smaller 
diameter  wires  that  are  used. 

(3)  The  series  circuit  permits  instanta- 
neous and  simultaneous  control  from  tin 
central  station. 

(1)  The  rated  life  of  series  lamps  is  35  per 
cent  greater  than  that  of  multiple  lamps. 

(5)  Based  on  approximately  equal  candle- 
power,  the  series  filamenl  occupies  less  space 
than  the  multiple  lamp  filament  and  this 
enables  the  former  lamp  to  be  placed  more 
efficiently  in  focus  with  the  refractor  and  thus 
a  greater  maximum  candlepower  can  be 
obtained  with   it.     (Note   Fig.    LO.) 

ft  appears  from  the  data  shown  on  the 
various   charts   in    tins   article   that    th< 


Fig.  10.     Typical  Difference  in  Characteristic  Distribution 

of  Light  from  Series  and  Multiple  Street  Lighting 

Mazda  Lamps  in  the  Same  Unit 

A:  71.4-watt  (100-c.p.)  Series  Lamp  with  G!;-in.  Holophane 

Prismatic  Glass  Band  Refractor 
B:   75-watt    Multiple  Lamp  with   6M-in.  Holophane    Pris- 
matic Glass  Band  Refractor 


considerable  advantage  in  the  use  of  the 
larger  lamps.  This  is  particularly  apparent 
from  the  curves  of  Figs.  '4,  4  and  ■">  and  a 
study  of  the  per  cent  relation  of  the  line  loss  to 
lamp  wattage  for  the  different  series  circuits 
covered. 
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List  of  Selected  References  on  Street  Lighting 

1915-1921 

By  W.  F.  Jacob  and  A   A.  Si.obod 
Main  Library,  General  Electric  Company 

This  list  deals  with  electric  street  lighting  only,  primarily  emphasizing  the.  American  practice.  It  is 
broadly  classified  according  to  the  principal  purpose  of  each  article  listed;  thus,  articles  dealing  chiefly  with 
individual  insl  U  be  found  under  the  sub-division  "  Description  of  Installations,"  while  contributions 

giving  cost  data  will  be  found  under  the  sub-division  "Cost."  It  is  quite  evident  that  many  papers  describing 
individual  installations  will  also  give  some  cost  data,  or  articles  under  the  sub-division  "Street  Lighting  Units." 
may  give  some  information  on  individual  installations.  The  same  is  true  of  the  other  sub-divisions.  A  more 
I  classification  however  would  be  impracticable.  Under  each  sub-division  the  entries  are  arranged 
chronologically,  the  latest  contributions  appearing  first.  Earlier  references  of  value,  as  well  as  information 
on  books  dealing  with  this  subject,  will  be  found  in  the  bibliographies  which  are  given  under  the  sub-division 
'■  Reference  Lists  " — Editor. 
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GENERAL 

1.  National  Electric  Light  Association. 

Report     of     Street     and     Highway     Lighting 
Division. 
A.   E.  L.  Proc.  43d   convention,  p.  258-63. 
1920. 

Discusses  lighting  of  parks,  traffic  accidents  in 
relation  to  street  lighting,  fire  department  signals, 
lighting  for  traffic  regulation,  control  for  lighting 
and  extinguishing  lamps,  the  two-lamp  unit  feature, 
transformers,  etc. 

2.  Rosse,  C.  A. 

Electrical  system  for  a  small  town. 
Power  PL    Engng.    v.   24,    p.    1038.      Nov.    1, 
1920. 

Gives  layout   of  i 
-.  of  series  inc; 

3.  Ryan,  W.  D'A. 
Intensive  street  lighting. 

G.  E.  Rev.  v.  23,  p.  362-73.      May,  1920. 

The  author  reviews  the  new  epoch  in  street  light- 
ing— the  "  intensive  white  way,  "  which  had  its  inaug- 
uration on  the  Pacific  Coast  and  is  rapidly  spread- 
ing eastward.  He  points  out  the  architectural. 
engineering,  commercial,  and  protective  advantages 
of  such  a  system  and  gives  cost  data  on  the  various 
installations  that  have  been  made. 

4.  Underwood,  W.  E. 

Trend  of  modern  practice  in  street  lighting. 
Elec.  Rev.  (Chgo.)  v.  76,  p.  980-3.     June  12, 
1920. 


the  influence  of  lighting  on  the  welfare 
of  municipalities,  relation  of  traffic  accidents  to  street 
illumination,  practice  in  connection  with  transformers, 
mounting  heights,  glassware  and  series  and  multiple 
systems. 

').    Wood,  L.  A.  S. 

Tendencies  in  ornamental  street  lighting. 
Elec.   Wld.  v.  76,  p.  324-25.     Aug.  14,  1920. 

Discusses  the  parkway  system  and  suggests  proper 
methods  of  installation. 


ti.   Wood,  L.  A.  S. 

Problems  in  ornamental  street  lighting. 
Elec.  Rev.  (Chgo.)  v.  77,  p.  241-2.     Aug.  14, 
1920. 

Discusses  the  general  principles  involved  in  instal- 
lation of  lighting  systems,  type  of  glassware  and  the 
avoidance  of  glare. 

7.  Present   tendencv   in   street   lighting. 

Engng.  &  Contr.  v.  54,  p.  452.      Nov.  3,  1920. 
Abstract  of  a  report  of  the  Committee  on  Street 
Lighting  submitted  at  the  annual  convention  of  the 
American  Society  for  Municipal  Improvements. 

8.  Street     lighting     discussed     by     A.I.E.E.     at 

Chicago. 
Elec.  Rev.  (Chgo.  I  v.  76,  p.  117-8.     Jan.  17, 
1920. 


Harrison,  W. 

'ighting  and  traffic  accidents. 
Elec.  Rev.  (Chgo.!  v.  75,  p.  605-6.     Get.   11, 

1919. 
Sci.  Amer.  S.  v.  88,  p.  307.      Nov.  22,  1919. 
Ilium.    Engr.    v.     12,    p.    286.     Oct.,     1919. 
Condensed. 

'ysis  of  year's  traffic  accidents  in  Cleveland  as 
to  time  of  day  and  season  shows  large  percentage  due 
to  lack  of  light.  Value  of  good  street  lighting  is 
shown. 

National  Electric  Light  Association. 
Report   of  Chairman  of  Committee  on   Com- 
mercial  Aspects   of    Street    and    Highway 
Lighting. 
N.    E.    L.    A.    Proc.   42d   convention,    Com- 
merical  section,  p.  171-81.     1919. 

Primarily  a  discussion  of  the  report  submitted  in 
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11.  Cravath,  J.  R. 

Lighting  of  streets  in  residential  sections 
Elec.  Wld.  v.  70,  p.  565-8.     Sept.  22,  1917. 

General  principles  for  observance  in  lamp  spacing 

an. I   location    with    overhead    .  in  nil 

ditions   that    are   normally    found   to    exist    in    small 

towns  and  cities. 

12.  Cravath,  J.  R. 

Residential  street-lighting  equipment. 
Elec.  Wld.  v.  70,  p.  611-3.     Sept.  29,  1917 

Principles  involved  in  selecting  lamps  and  accesso- 
-   determining  lamp   heights   and   in   installing 
"tal  systems  in  small  towns  and  cities 


13.  Cravath,  J.  R. 

Street  lighting  for  business  districts. 

Elec.  Wld.  v.  70,  p.  66-1-6.     Oct.  6,  1917. 

Principles  involved  in  spacing  and  in  selecti I 

lamps    and    accessories    for    ornamental    syi, 
small  cities  and  towns,  with  a  discussion  of  the  rela- 
tive merits  of  series  and  multiple  distribution. 

14.  National  Electric   Light  Association. 
Report     of     Sub-Committee    on    Commercial 

Aspects  of  Street  and  Highway  Lighting. 
N.   E.   L.   A.   Proc.    40th   convention,    Com- 
merical  section,  p.  327-38.      1917. 

15.  Bell,  L. 

Exterior  illumination. 
Elec.  Rev.  &  W.  Elec'n.  v.  69,  p.  676.     Oct. 
14,  1916. 

Abstract  of  a  lecture  on  street  lighting  given  under 
the  auspices  of  the  Illuminating  Engineering  Society. 

16.  Doane,  S.  E. 

Civic  duty  for  the  engineering  profession. 
Elec.  Rev.  &  W.  Elec'n.  v.  69,  p.  1135-7.     Dec. 
30,  1916. 

Includes  a  discussion  of  street  lighting  develop- 
ment and  the  duties  of  the  engineer  to  encourage 
further  progress  in  this  direction. 

17.  Kelly,  T.  F. 

Selling    municipal    and    highway   lighting. 
Elec.    Rev.    &    W.    Elec'n.    v.    68,    p.    915-7. 
May  20,  1916. 

Opportunities  for  the  central  station  in  the  develop- 
ment of  highway  and  street  lighting. 

18.  Lacombe,  C.  F. 

Street  lighting   fixtures,   contracts,  etc. 
Elec.  Rev.  &  W.  Elec'n.  v.  69,  p.  761.     Oct. 
28,  1916. 


19.  Millar,  P.  S. 

Present  day  tendencies  in  street  lighting. 
Elec.  Rev.  &  W.  Elec'n.  v.  69,  p.  415-7.    Sept. 
2,  1916. 

A  discussion  of  the  various  types  of  illuminants 
and  street-lighting  accessories  available;  data  on 
installation  practice  and  operation  and  some  of  the 
engineering  aspects  of  street  lighting. 

20.  Association  of  Edison  Illuminating  Companies. 
Report  on  the  Committee  on  Street  Lighting. 

25  p.  1915. 

Results  of  tests  of  visibility,  uniform  illumination, 

21.  Stickney,  G.  H. 

Street     lighting     practice     with    incandescent 
lamps. 
Munic.  Engng.  v.  48,  80-8.     Feb.,  1915. 

Part  of  a  paper  prepared  for  the  American  Society 
of  Municipal  Improvements.  Lays  down  the  prin- 
ciples which  have  been  developed  and  gives  details 
of  some  installations. 


■■■   .    I        I 

High    intensity    street    lighting    of    i: 
cities  compared  with  New  York. 
Ilium.   Engng.  Soc.    Trans,   v.  9,   p    614-32 
No.  7,  L914. 

,   '  influence    the 

?.lfferi  European  and   American  prac- 

tice are  pointed  out.  oncluded  with 

illustrations  and   descriptions  of  typical    re- 
installations. 

PRINCIPLES  OF   STREET   ILLUMINATION 
AND     PHOTOMETRY 

23.  Rose,  S.  I..  E.  and  Butler,  II.  15. 

Single  light   compared   with   cluster  units  for 
street  lighting. 
G.  E.  Rev.  v.  22,  p.  L044-55.      Dei  .,  L919 
Deal     ■ 
street  lighting  unit,  tin-  old  five-light  cluster  unit  of 
ball  globes  and  the  modern  single-light  Novalux  unit. 
Points  .nit   Hi,    inefficiency  of  the  cluster  unit  and 
presents   data   to  show  why  this  type  of  unit  should 
be  discarded. 

24.  Luckiesh,  M. 

Aesthetics  of  street  lighting. 
Ilium.    Engng.    Soc.    Tram.    v.    13,    p.   355-0. 
No.  6,  1918. 

Abstract  of  a  paper  presented  l"  ■ 

25.  Rose,  S.  L.  E.  and  Butler,  II.  E. 
Ornamental    utilitarian    street    lighting    units. 

G.  E.  Rev.  v.  21,  p.  430-5.     June,  1918. 

A  companion  to  "Street  lighting  with  modern  elec- 
tric illuminants,"  which  appeared  in  the  Deci 
11117,  i-   in    ..l   :1m    Gknek.m    Ki.ki-irk    Kkvikw,  v.  20, 
p.  945-63.     Deals  with  some  new  types  of  units. 

26.  Cravath,  J.  R. 

Street    lighting    for    small    cities    and    towns. 
Elec.   Wld.  v.  70,  p.  414-7.     Sept.  1,  1917. 

General  principles  are  discussed,  including  bright- 
ness, silhouette  effect,  shadows,  glint,  glare,  spacing 
and  shade  tree  interference. 

27.  Peterson,  E. 

Utilization    factors    for    street-lighting    units. 
Elec.   Wld.  v.  69,  p.  1156-7.     June  16,   1917. 

Method  of  calculating  flux  incident  upon  street 
surfaces  from  the  zonal  candle-powers  of  the  light- 
ing units. 

28.  Rose,  S.  L.  E.  and  Butler,  H.  E. 

Street    lighting   with    modern    electric    illumi- 
nants. 
G.  E.  Rev.  v.  20,  p.  945-63.     Dee.,  1917. 

This  paper  amounts  practically  to  a  handbook  on 
street  illumination,  covering  both  incandescent 
arc    lamps    from    the    illumination    standpoint,    and 
enables  anyone  having  to  do  with  street   ]\y.:  ' 
compare  different  units  on  the  basis  of  illumil 
It  discusses  the  various  factors  entering  into  street 
lighting  contracts  which  should  be  thoroughly  under- 
stood by  all  parties  concerned  in  order  to  avoid  con- 
troversies later. 

29.  Millar,  P.  S. 

Tests  of  street  illumination. 
Ilium.  Engng.  Soc.  Trans,  v.  11,  p.  479-508; 
discussion,  p.  508-17.      No.  4.  1916. 

Author  is  concerned  with  special  invest  u 
the    effectiveness    of    street    lighting,    and    <! 
methods  which  have  been  developed  for  such  inves- 
tigations. 

30.  Glare  in  street  lighting. 

Ilium.   Engng.  Soc.    Trans,  v.    11,   p.   51s  24. 
No.  6,  1916. 

Report  of  the  Committee  on  Clare.  The  laws 
governing  glare  are  outlined  and  the  causes  "i  i-'larc 
m  street  lighting  di< 
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31.   Millar,  P.  S. 

Effective    illumination    of    streets,    with    dis- 
cus 
Ilium.   Engng.  Soc.    Trans,  v.  LO,  p.  1039  58; 
L05J     ''       No,    9,    1915. 

irly  those  aspects  of  effet  - 

tiveness  which  are  dependent  upon  skilful  utilization 

■  effective  illumination. 


STREET   LIGHTING   UNITS 

38.   Butler,  H.  E. 

Enclose- 1     carbon     arc     lamps     vs.     Novalux 
Mazda  units. 
G.  E.   Rev.   v.  23,  p.  534-49.     June,   1920. 

Auth  an  appreciable  waste  of  power 

exists  in  street  lighting  systems  because  "I  I  hi 
the  enclosed  carbon  ar<   lamp. 


DISTRIBUTION   SYSTEMS 

32.    Harrison,  \Y. 

Multiple    systems   of    distribution    for    street 
lightit 
A.I.E.E.  Jour.  v.  39,  p.  7-12.      [an.   1920. 

<   hgo      v     76,  p.    102-5.     Jan.   17, 
1920.     l 
Elec'n.   (Lond.)   v.   85,   p.   324-6.     Sep!     17, 
L920.     Condensed 

or  pr<  ipi  ised  fi  ir 

■   il  of  multiple  street  lamps  and  outlines  charac- 

I  lalls  attent  ii  in 

to  the  small  differences  in  efficiency  of  present  mul- 

'.imps. 

I    rl     .  W.  I'. 

system  of  street  lighting  distribution. 
A.I.E.E.  Jour.  v.  39,  p.   1-6.     Jan.,   1920. 

Ren      Chgo.)   \.  7ii,  p.   100-2.      (an.   17. 
1920.     Condensed. 
Elec'n.    (Lond.)    v.   85,   p.   326-7.     Sept.    17, 
1920.     Condensed. 

the  advantages  of  the  series  system  and 
bates  that  any  system  of  street  lighting  of  sufficient 
merit  to  supersede  the  series  system  must  depend 
primarily  on  the  development  of  simple,  reliable  and 
inexpensive  apparatus  for  the  individual  lamps  to 
enable  them  to  be  operated  on  the  existing  multiple 
distribution  circuits. 

34.  Steinmetz,  C.  P. 

Constant-potential    series    system    for    street 
lighting. 
I   /  /:./•;.  Jour,  v,  39.  ]>.  245-8.      Mar.,   1920. 
Elec.  Rev.   (Chgo.)  v.  7ii,  p.  L05-8.      Ian.   17, 

1920. 
Set.    Am.    Mo.   v.    1,   p.   50fi-7.      June,   1920. 

Abstract. 
Elec.     Wld.     v.   75,  p.    678.    Mar.    2D,    1920. 
Abstract. 

Comparison  of  three  types  of  high-voltage  '  el 
lighting  systems:  constant-current  series,  constant- 
potential  series  and  constant-potential  multiple. 

35.  Ferry,  M.  and  Tompkins,  E.  M. 

Ei  onomics  of  group  system  of  street  lighting. 
Elec  Ulii.  v.  68,  p.  177-8.  July  22,  1916. 
It  is  a  development  of  the  series  multiple  system 
and  consists  of  a  number  of  small  series  cir- 
i  nits,  each  served  l>y  a  low  potential  transformer,  the 
primaries  of  these  group  transformers  being  con- 
nected  in  series  to  a  constant-voltage  high-potential 
source  of  supply.    It  is  used  in  Chicago,  111. 

3d.  Uptegraff,  R.  E. 

Characteristics  of  a  series  lighting  system. 
Elec.   Wld.  v.  68,  p.  79-80.      July  8,   1916. 
Variations  in  current  and  power-factor  when  lamps 
burn  out  and  the  regulation  of  a   system   using  con- 
stant over-all  voltage. 

:;7.    National   Lamp   Works — General   Electric  Co. 
Street   series  alternating-current    incandescent 
lamp  circuits. 
Engineering  Department   Bui.    No.   25.    23    p. 

Sept.   20,    101,-,. 

Factors  in  design  and  operation. 


39.  Cameron,  A.   I),  and  Halvorson,  C.  A.  1J. 
Developments   in    street    lighting    units. 

Ilium.    Engng.    Sot.    Trans,    v.    15,    p.    163-8; 
discussion,  p.  lds-74.     No.  3,  1920. 

Recent  progress. 

40.  Kegley,  II    l 

Ti  ipical  lamp  post. 
Sci.   Am.   v.    122,   p.    12.".,    139-40.      Apr.    17, 
1920. 

Symbolic  posts  of  California  towns  and  cities. 
Each  design  in  some  way  incorporates  a  feature  of 
the  town's  histoi  points  of  interest. 

41.  W I.  L>.  A.  S. 

t  trnamental  street  lighting. 
Elec.   Jour.     v.     17,    p.    195-7.      May,    L920. 
Various  designs  of  posts  and  lanterns  are  illust 

42.  Magnusson,  C.  E. 

Ornamental  concrete  lamp    posts.     22  p.   1919, 
Engineering   Experiment   Station.     University 
of  Washington  Bulletin  Mo.  6. 

43.  Willcox,  F.  \V. 

Gas-filled   lamp  and  its  effect  on  illuminating 
engineering. 
Ilium.   Engr.   v.    12,   p.    148-51.     June,    1919; 
discussion,  v.  12,  p.  161-71,179-81.     June- 
July,  1919. 

44.  Cravath,  R. 

Street-lighting  poles  and  lamp  supports. 
Elec.  Wld.  v.  70,  p.  514-16.  Sept.  15,  1917. 
Equipment  adaptable  to  small  cities  and  towns. 
Describes  the  poles  and  lamp  supports  available 
for  the  different  conditions  attending  upon  resi- 
dential and  business  section  lighting,  and  under- 
ground and  overhead  construction.  Wood,  iron, 
steel  and  concrete  posts  are  considered. 

45.  Cravath,  J.  R. 

.Street  lighting  units  in  the  smaller  cities. 
Elec.  Wld.  v.  70,  p.  473-7.      Sept.  8,  1917. 

Particular  attention  is  given  to  lamp  rating  and  to 
the  relative  value  of  different  accessories  under 
certain  conditions  of  spacing  and  type  of  street. 
The  relation  between  first  cost  and  operating  cost 
of  gas-filled  incandescent  lamps  and  magnetite  arcs 
is  emphasized. 

46.  Harrison,  W. 

Combination  of  refractor  and  diffusing  globe 
for  street  lighting. 
Ilium.    Engng.   Soc.    Trans,   v.    12,   p.   305-9; 
discussion,  p.  309-18.      No.  7,  1917. 

47.  Light-directing  shades. 

Elec.  Wld.  v.  70,  p.  646.    Sept.  29,  1917. 

Made  by  the  G.E.  Co. 

48.  Mast     arm     for     series     street-lighting     units. 

Elec.    Wld.  v.  70,  p.  352.      Aug.  25,   1917. 

Replaces  center-span  suspension  as  used  for  carbon 
arc  lamps  and  eliminates  the  pole  on  opposite  side  of 
street. 
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49.  Ornamental  street-lighting   with   Union 

standards. 
Elec.  Rev.  (Chgo.)  v.  71,  p.  381-2.     Sept.    I, 

1917. 

50.  Stippled  globes  and  refractor  for  Novalux  street 

lighting  fixture. 
Elec.  Rev.  (Chgo.)  v.  71,  p.  784.  Nov.  :;,  Id  17. 

Illustrated  description  of  tin-  ti.  E.  equip] 

51.  Street  lighting  units. 

Elec.  Wld.  v.  69,  p.  635.     Mar.  .31,  1917. 
An    artistic    fixture    which    contains    a 
reflector;    it    has    been    developed    by    the    General 
Electric  Co. 

52.  Halvorson,  C.  A.  B.  ami  others. 
Arc  lamps  for  street  illumination. 

Ilium.  Engng.  Soc.   Trans,  v.   11,  p.  251-68; 
discussion,  p.  .315-30.      No.  3,  1916. 

An  appendix  gives  tabulated  data  on  numerous 
street  lighting  installations  and  the  operation  char- 
acteristics of  several  forms  of  arc  lamps. 

53.  Marple,  A. 

Originality  in  street  lighting  standards. 
Munic.  Engng.  v.  51,  p.  95-6.     Sept.,   1916. 

Illustrates  and  describes  the  beautiful  standards 
used  in  Southern  California. 

54.  Designs    of    ornamental    street-lighting    posts. 

Elec.  Rev.  &■  W.  Elec'n.  v.  68,  p.  937.     May 
20,  1916. 

Made  bv  the  King  Foundry  Company.  St.  Joseph. 
Mo. 

55.  Inexpensive  lamp  standards  suitable  for  many 

occasions. 
Elec.   Wld.  v.  67,  p.  44.     Jan.   1,   1916. 

Method  of  construction  of  temporary  posts. 

56.  Bell.  L. 

Modern  street-lighting  units. 
Elec.   Rev.    &    W.   Elec'n.,   v.   66,   p.     L038-9. 
June  5,  1915. 

History  of  development  and  modern  tendencies. 

57.  Novalux  lighting 

Munic.  Jour.  v.  40,  p.  219-20.     Feb.  10,  1916. 
G.E.  units. 

58.  Path-finder  lamppost. 

Munic.  Jour.  v.  41,  p.  720-1.     Dec.  7,  1916. 

For  lighting  drive-ways  in  parks  and  similar 
service;  made  by  Smyser-Royer  Company  of  Phil- 
adelphia. 

59.  Pressed-steel  ornamental  lamp  standards. 

Elec.  Rev.  Sf  W.  Elec'n.  v.  68,  p.  348,     Feb.  19, 
1916. 

Made  by  Union  Metal  Manufacturing  Co 
Ohio. 

60.  Street  lighting  standards. 

Munic.  Jour.  v.    41,  p.  620.      Nov.   Hi,   1916. 
Made     bv     Union     Metal     Manufacturing     (  o., 
Canton,  Ohio. 

61.  Butler,  H.  E. 

Parallel  vs.  staggered  arrangement  oi   lamps. 
Elec.  Wld.   v.   66,   p.    1027-8.    Nov.   6,    1915. 

An  investigation  of  the  relative  merits  of  the 
two  systems  of  installing  ornamental  street  lighting 
standards. 


62.   Hurley,  W.  P. 

Street   lighting  with  modern  arc 
Ilium.   Engng    Soc.    Trans,   v. 
No   5,  1915 

han,  II    i:  .  and  Bulter,  H.  E. 
Ornamental   street  lighting  systems  compare  1. 

1  IN"  1       Julj    -'1.   1915. 

Relativi  i  igle    unit    and    the 

clusn  r  are  analyze  ind  the 

64.  National  Lamp  Works     G  !         ricCo. 
Street  series   Mazda  lamps. 

Engineering  Department  Bui.  No.   11> 
Oct.  I."),  1915. 

1      1 1  icteristic  curves,  1 1 

65.  Novalux  units  for  Mazda  series  street  lighting. 

Elec.  Rev.  &  II'.  Elec'n.  v.  67,  p.  910-1 
13.  L915 

Made) 

66.  Street  lighting  fixtures. 

Munic.  Engng.v.  18,  p.  8-9.     Jan..  1915 

Illustrates    and    describes    new    forms    of    fixtures 
suitable  for  the   modern   high   (and: 
descent   lamp.      Deals   primarily    with    the    Novalux 
units. 

DESCRIPTION   OF   INSTALLATIONS 

67.  Hinson,  X.  B. 

Conduit    return    underground 
Jour.    Elec.    v.    46,    p.    67-8.      Ian.    15,'   1921. 
Elec.     Wld.    v.    77,    p.    206.      Jan.    22,    1921. 
Conden  ed 

Describes  the  installation  at  Beverly  Hills.  Cal. 

68.  Halvorson,  C.  A.  B.  and  Oday,  A.  B. 

Street     lighting     with     low     mounted     units; 
Kensico  dam  roadway,  with  discussion. 
Ilium.   Engng.     Soc.     Trims.   V.    15,  p.    153-62. 
Apr.  30,  1920. 

Gives  specifications  for  the  units  used   and   dis- 
cusses the  application  of  these  units  to  street  lighting. 

69.  Ryan,  \V.  D'A. 

New  intensive  street  lighting. 
Jour.    Elec.   v.   44,    p.    151-2.      Feb.    15.    L920 
Describes   the    white    way    improvements    in    Los 
Angeles,  Cal. 

70.  Saratoga's    variable   lighting    system. 

Pub.  Wks.  v.  48,  p.   180.      Mar.  6,  1920. 
Elec.    Rev.    (Chgo.)    v.    76,    p.    432-3.      Mar. 

13,  192(1. 

Dual  system  which  gives  white  way  illumination 

during  summer  and  modified  illumination  during  the 

remainder  -,f  thi 

71.  Street     lighting     improvements     in     London. 

Elec'n.      (Lond.)    v.   85,     p.    478.       Oct.     22, 
1920. 

Illustrated     description     of     the     imp] 
effected  in  the  lighting  of  part  of  the  city  i  i 
minster.      Gas-filled    incandescent    lamps    in    con- 
junction    with    scientifically-designed    fittings    were 
used. 

72.  Street  lighting  with  ornamental  posts  in  Pasa- 

dena. 
Elec.  Rev.   (Chgo.)   v.   77,  p.  916.      Dee.    11, 
1920. 

Boulevard  type  units  arc-  employed,  equn 

SO-candle-p ■■■■•. •  vpe  C  lamps,      [l 

tion  costs  ranged  from  10.65  •     ""  -' 

of  property.      Novalux  units  are  placed   in  li 

where  a   greater  volume  of  illumination   is  required. 
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ath,  J.  R. 

was  reduced  in 

I ).■:  i 
Blec.  Ulil.  v.  74,  p.  580.     Sept.  13,  1919. 

lamps  for 
tion  "ii  272  waits,  instead  of  310  watts,  to  get 
ircuits. 

"4.   Dickerson,  A.  I". 

ting    San    Francisco' 
Jour.  Elec.  v.    12,  p.  414-1.').      May    1,    1919. 

That  the  arc  light   still  hoi. Is  its  own   in  the  field 
of  street  lighting  is  testified  by  the  success  of  this 
installation.     The  pleasing  and  adequate  nature  of 
the    resulting    illumination    has    already    lead 
serving  as  a  model  for  the  street  lighting  ol 
other  cities. 

"5.  Gaster,  L. 

Street    lighting    reconstruction    problems. 

Ilium.   Engr.  v.   12,  p.  l'_'.")  .:l';  discussion  p. 
Aim..  1919. 

75,  p   59.     July  12,  1919. 
Abstract. 

Examination   of  official   data  in  city  of   London 
tccidents  which  took  place  at  the  time 
street  lighting  was  curtailed  during  the  war. 

76.   Keith,  W.  G. 

Development    of    the    Chicago   street-lighting 

system. 
E»g»g.    U'ld.  (Chgo.)  v.   15,  p.  39-44.      Dec. 

15,  1919. 
Elec.  Rev.  (Chgo.)  v.  75,  p.  559-61.      Oct.  4, 

1919. 

Installation  and  operation  of  series  group  systems. 
Paper  read  before  the  International  Association 
Municipal  Electricians. 

"7.   Kleine,  Wm.  O. 

A  modern  ornamental  street   lighting  circuit. 
Am.    City,     City    edition,     v.   20,    p.   535-7. 
June,  1919. 

Cast  iron  standards  about  13  ft..  4  in.  high  carry- 
ing 600-candlepower  Mazda  C  lamps  used  in  Cin- 
cinnati. 

78.   Murphy,  F.  H. 

Park    and     boulevard     lighting    in     Portland 
(Oregon) 
Elec.  117,/.  v.  7.3,  p.  889-90.     May  3,  1919. 

An  artistic  effect  has  been  arrived  at  by  the  em- 
ployment of  concrete  posts  with  Alba  globes.  Sub- 
stations combined  with  comfort  houses  and  tool 
shelters  are  a  feature.  Steel-armored,  lead-covered 
underground  cable  was  used  for  a  6.6-amp.,  constant- 
current  series  incandescent  system. 


7'.'.  Rowe,  I.. 

Street  lights  in  Columbus. 
Munic.  Jour.  v.  4ii,  p.  264, 


Apr.   12.   1919. 


•SO.   Schwartz,  W.  F. 

The  street  lighting  of  the  city  of  Buffalo. 
Am.  City.  v.  48-50.     Jan.,  1919. 

System  comprises  type  C  nitrogen-filled  lamps. 
luminous  arcs,  pendent  magnetite  arcs  and  enclosed 
carbon  arcs.     Gives  number  and  cost  of  each  type. 

81.   Toensfeldt,  R.  T. 

Street  lighting  problem  of  the  citv  of  St.  Louis. 
Munic.  Engng.  v.  57,  p.   166-8.  Oct.,   1919. 
Reviews  the  lighting  contracts  of  St.   Louis  and 
makes  suggestions  for  future  developments. 


82     Harrison,  H.  T. 

ghting  in 
gton. 

80,  p.  690-1.      I'M..,   191S. 
Ilium.     Engr.     v.     11,     p.     161.      June,     191s. 

nsed. 

lamps 

it  tires  of  Chicago's  new   parkway    lighting 
systi 
Elec.   Will.  v.  71.  p.  516.     Mar.  9,  1918. 

Detail:  '  construction,  including  method  of 
running  circuits  and  use  of  series  multiple  trans- 
formers with  special  couplings. 

84.   Tin-    lighting   of    London:    past,    present   and 
future. 
Ilium.    Engr.    v.    11,    p.    225-li.      Oct.,     L918. 
Editorial  review 

85    Allen,  W.  C. 

Street   lighting  in  the  national  capital. 
Am,  Inst.  Arch.  Jour.  v.  5,  p.  339-42.     July, 
1917. 

Details  of  the  installation. 

86.  Keith,  W.  G. 

Group  street  lighting  system  for  the  city  of 
Chicago. 
G.  E.  Rev.  v.  20,  p.  126-9.     Feb.,  1917. 

Gives  details  of  the  system  that  is  novel  for  large 
installations  and  plans  for  the  future. 

87.  Kingsbury,  E.  F. 

Historical    lighting    of    Independence    Square, 
Philadelphia. 
Ilium.  Engng.  Soc.   Trans,  v.   12,  p.  449-56; 
discussion,  p.  456-63.      No.  9,  1917. 

The  units  are  described  in  detail  and  several 
photographs  of  different  units  are  shown.  Con- 
siderable material  of  historical  and  educational 
interest  is  included,  descriptive  of  early  lighting 
in  Philadelphia  after  which  installations  the  equip- 
ments were  copied. 

88.  Rice,  R.  H. 

Modern  street   lighting  an  asset  to   Spokane. 
Elec.   Wld.  v.  70,  p.  418.     Sept.  1,  1917. 

G.  E.  magnetite  arc  lamps.  Aspect  of  streets, 
appearance  of  crowds  and  morality,  peace  and  order 
improved  by  new  lighting  system  in  business  section. 

89.  Thompson,  R.  B. 

Development   of  a   permanent  street  lighting 
plan  for  a  small  city  and  village,  with  dis- 
cussion. 
Ilium.    Engng.   Soc.    Trans,   v.    12,   p.   260-9. 
N...  6,  1917. 

Practice  of  the  Central  Hudson  Gas  and  Electric 
I  serving    a   territory    of    about    600   sq.    miles, 

including  the  cities  of  Xewburgh  and  Poughkeepsie. 

911.    Unusual    street    lighting    practice    for    small 
towns. 
Elec.   Wld..  v.  70  p.  1141.      Dec.  15,  1917. 

West  Liberty.  Iowa,  with  a  population  of  1700 
spent  $12,000  on  street  lighting  with  ornamental 
posts  and  underground  service. 

91.    Dempsey,  W.  T. 

Electric  street  lighting  in  Xew  York  City  with 
particular    reference    to    the    borough    of 
Manhattan. 
Ilium.   Engng.  Soc.   Trans,  v.   11,    p.    1137-43. 
X...  9,  L916 

Jour.  v.   14,  p.  3-6.     Jan.,   1917.      Con- 
densed. 
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92.  Mendenhall,  B.  W. 

Ornamental  lighting  in  Salt   Lake  Cit)     undei 
the     new     lighting-improvemenl      di 
law. 
Kite.  Wld.  v.  67,  p.  1313.     June  3,  1916. 

93.  Ryan.  W.  D'A. 

Downtown  lighting  system  for  San   Francisco 
Elec.    Wld.   v.   68,   p.    157-9.     Sept.   2,    L916. 
Combination  of  trolley  poles  and  lighting  stand- 
ards of  dignified  artistic  designs  on    Market    Stint 
Floodlighting  of   building  facades  and   use  of  toned 
ults  in  distinctive  lighting. 


94.  Shaw,  C.  H. 

Street   lighting   system   of   Sheboygan.    \\  i 
Elec.   Wld.  v.  68,  p.  464-5.     Sept.  2,  1916. 

95.  Tinson,  H.  A.  and  Diggs,  D.  M. 

Model    street     lighting     installation     at     Port 
Jervis,  X.  Y. 
G.  E.  Rev.  v.  19,  p.  225-9.     Mar.,  1916. 
Munic.  Engng.   v.    51,   p.    5-8.     July,    1916. 

Pertinent  details  of  the  cost,  layout,  construction, 
operation  and  appearance  of  the  installation  using 
Edison  Mazda  series  lamps. 

96.  Cleveland's    new    street    lighting    installation. 

Elec.  Rev.  &  W.  Elec'n.  v.  68,  p.  750-1.     Apr. 
29,  1916. 

Nitrogen-filled  lamps  in  specially  designed  antique 
lanterns  used  with  marked  success  in  business  dis- 
trict.    Initial  cost  is  $228  per  unit. 

97.  Most  elaborate  street  lighting  inaugurated  in 

San  Francisco. 
Elec.  Rev.  &  II'.  Elec'n.  v.  69,  p.  624.    Oct.  7, 
1916. 

Market  Street  installation. 

98.  Salt  Lake  City's  white  way. 

Elec.  Wld.  v.  68,  p.  701.    Oct  7,  1916. 

New  system  designed  by  W.  D'  A.  Rvan  covers 
retail  business  district. 

99.  Salt  Lake  Citv's  splendid  new  street  lighting. 

Elec.  Rev.  &  W.  Elec'n.  v.  69,  p.  626-7.     Oct. 
7,  1916. 

100.  Special  lighting  of  downtown  Chicago  street 

by  Merchants'  Association. 
Elec.   Wld.  v.  68,  p.  771-2.     Oct.  14,  1916. 

101.  Street  lighting  in  Detroit. 

Munic.  Engng.  v.  50,  p.  128-30.     Apr.,  1916. 
Brief  history  of  the  municipal  plant  and   recent 
operations. 

102.  $3,750,000  fur  Chicago  street  lighting. 

Elec.    Wld.  v.  67,  p.    1436-7.     June  17.  1916. 

Incandescent  lamps  of  600  candle-power  and  100 
candle-power  with  substation  and  generating  units 
provided  to  augment  present  equipment. 

103.  Conant,  W.  B. 

Street  Lighting  in  London. 
Municipal  Engng.  v.  48,  p.  333-6.  June,  1915. 

104.  Harrison,  W. 

Cleveland  lantern  for  ornamental  lighting 
Elec.  Wld.  v.  66,  p.  521-4.     Sept.  4,  1915. 

Discusses  selection  of  glassware  for  lanterns  and 
comparative  cost  of  arc  and  incandescent  units  and 
gives  some  details  of  the  installation. 


L05.    Ma  ion,  W.  A. 

Munic.  Jour.  v.  38,  p.  593  t.     Apr.  29,  1915. 
plant 


106     In  tallation    of   luminous   are   lamps   in    Wor- 

Elec.  Rec.  cJ  II'.  Elec'n.  v.  66,  p.  25-8 
1915. 

OPERATION,  MAINTENANCE  AND  CONTROL 
11)7.   Nixon,  II 

Maintenani  ■■  oi    treel  lighting. 
Illiiiu.   Engng.  Soc.   Trans,  v.   15,  p.  308-13. 

[o      ..    1920. 

... 

108.   Shepherd,  C.  H. 

Maintenance  of  electric  lighting  equipi 
the  Lincoln  Park  system. 
Ilium.   Engng.  Soc.   Trans,  v.    15,  p.  314-20. 

No.  5,   19211. 

Details  of  the  installation,  difficulties  encountered. 


11)9.    Electrically     operated     switchgear    for    street 
lighting  control  in  Germany. 
Elec.  Wld.  v.  7li,  p.  520.     Sept.  11,  1920. 
A  system  of  electrii 
Charlottenburg  which  enabli  r  at  the 

central  station  to  flood  the  entire  city  with  light  in 
a  minute's  time. 

110.  McDowell,  T.  D. 

Simple  lamp  record  system  for  street  lighting 
circuits. 
Elec.  Rev.  (Chgo.)  v.  71,  p.  668-9.     Apr.  26, 
1919. 

Card  rei  of  lamps 

in  use  on  large  systems  for  street,  boulevard  or  park 
lighting. 

111.  Shepherd,  C.  H. 

Data  on  lamp  operation  and  maintenance. 
Elec.    Wld.  v.  73,  p.  1215-16.     June  7,    1919. 
Records  are  kept  which  show  the  life  of  all  lamps 
used   in   Lincoln   Park.   Chicago.      Paul's  in  supply 
apparatus  are  detected  by  lamp  records.      Data  in- 
dicate that  life  of  tamps  depends  greatly  on  switch- 


112.  Herz,  A. 

Renovation   of   discolored   arc-lamp   glo 
Elec.    Wld.  v.  72,  p.  935-6.     No-*     16,    1918. 
Ilium.    Engr.    v.     11,    p.    231.     Oct.,     1918 

Abstract. 

Glassware    used    in   eli  ctri 

deteriorates  owing  to  discoloration.  It  is  both 
difficult  and  expensive  to  replace  globes,  but  a 
method  of  removing  stain  by  heat  treatment  has 
been  developed. 

113.  Mott,  S.  B. 

Securing    and    operating    small    town    street 
lighting. 
Elec.  Wld.    v.  69,  p.  277.     Feb.  10,  1917. 

'  ,!ves  ideas  On  tree  trimming 

-tern  of  interconnected 

towns  found  valuable  in  dealing  with  town  boards. 
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114.  Reeve  .  II    H 

Phantom  circuit  remote  control. 
G.  E.  Rev.  2  .  1917. 

The  system  dealt  with  in  this  paper  I 

reliable  and  economical  means 

turning  on  in  the  evening  and  off  in  the  morning 

lescent  lamps  which  are 

."  ion  and 

1  by  local  transformers.     The  author  describes 

the  theory  and  operation  of  the  system,  the  various 

component    pieces    of    apparatus    and    analyzes    its 

merits. 

1 15.  Ti  earn  »r,  E.  D. 

( operation     of     series     incandescent     lighting 
circuits  with  series  transformers. 
G.  E.  Rev.  v.  20,  p.  940-4.      Dec,  1917. 

ircuit  and  short-circuit 
characteristics  of  the  series  transformer  and  shows 
how  these  have  been  brought  into  agreement  with 
the  necessary  and  the  desirable  characteristics  of  the 
incandescent  circuit.  He  then  analyzes  the 
combined  subject  of  grounding,  operation  and  pro- 
tection. 

116.  Changing  street  lamps. 

Elec.   Wld.     v    69,  p.  802.      Apr.  2s,   1917. 

Describes  a  long-handled  device  for  replacing 
incandescent  lamps  or  removing  bases  of  broken 
bulbs. 

117.  Reeves,  H.  H. 

Incandescent  street  lighting  regulating  appara- 
tus. 
G.  E.  Rev.  v.   19,  p.  798-804.      Sept.,  1916. 

Outlines  briefly  the  fundamental  theory  of  those 
regulators  which  are  designed  to  control  constant 
current  series  circuits.  The  effect  of  different  kinds 
of  loads  on  the  regulation  of  the  circuit  and  the 
operation  of  the  transformer  is  also  pointed  out. 

COST 

118.  Shepherd,  C.  H. 

Cost  problems  in  the  lighting  of  public  parks. 
Elec.   Ret:  (Chgo.l  v.   77,   p.  389-94.     Gept. 
11,  1920. 

Methods  used  in  replacement  of  old  arc-lighting 
equipment  with  type  C  units,  improved  conditions 
and  reductions  in  cost  resulting  from  change;  spec- 
tacular features  of  Lincoln  Park  lighting  system. 

119.  Analysis   of  street   lighting  costs. 

Elec.   Wld.  v.  70,  p.  637.     Sept.  25,  1920. 

Detail  costs  of  one-year  maintenance  of  4-amp. 
magnetite-arc  lamps  and  6.6-amp.  luminous  arcs. 

120.  Cost    of    lighting    streets    at    Galesburg,    111. 

Elec.   Wld.  v.  72,  p.  600.     Sept.  28,  1918. 

Unit  cost  of  installing  system  amounted  to  S  197.00 
for  five-light  clusters  and  S177.84  for  one-light  pole 
on  system. 

121.  Bailey,  H. 

Chart  for  determining  power  costs. 
Power,  v.  45,  p.  762-3.      June  5,  1917. 

An  explanation  of  a  chart  for  determining  the 
cost  of  power  for  street  lighting  at  different  rates 
and  lighting  schedules. 

122.  Cost    data    on    installation    for    lighting    city 

streets,  Lincoln,  Neb. 
Elec.   Wld.  v.  69,  p.  1211.     June  23,  1917. 

Low-voltage  series  system  operated  with  pole* 
type  constant-current  regulators. 

123.  Elden,  L.  L. 

Maintenance    costs    of    arc    lamps    for    street 

lighting. 

Elec.   Wld.  v.  68,  p.  1229-30.      Dec.  23,  1916. 

Boston  Edison  Co.  presents  data  in  controversy 

rates  before    Massachusetts   Gas  and   Electric 

Light  C}mmission. 


124.   Arc  lamps  show  low-voltage  record  at  I  I 
Elec.    Wld  Mar.  4,   1916. 

lata. 

12."i.    Cost    data    foi  of    street    lighting 

standards  used  at  Riverside,  Cal. 

Elec.  Wld.  v.  68,  p.  89.     July  8,  1916. 

CONTRACTS  AND  SPECIFICATIONS; 
FINANCE  AND  RATES 

126.  Thompson,  G.  L. 

lighting   with   reference   to  the    manu- 
facturer, the  central  station  and  the  munic- 
ipality. 
G.  E.  Rev.  v. 21,  p.679  -  1918. 

Shows  that  the  rate  of  increase  of  improvement 
in  lighting  is  not  likely  to  be  as- great  in  the  future  as 
in  the  past,  therefore,  the  changes  necessary  to  se- 
cure the  latest  type  and  highest  efficiency  will  be 
less  frequent.  He  states  the  difficulties  confronting 
the  lighting  committees,  reviews  the  advantages  of 
large  individual  lighting  units  and  summarizes  some 
of  the  most  important  points  to  be  considered  in  the 
lighting  of  business  centers,  intermediate  sections, 
and  outlying  districts  of  municipalities. 

127.  Methods  of  assessment  for  ornamental  lighting; 

situation  in  Syracuse,  X.  V. 
Elec.   Wld.  \     71,.  p.   1043-4.      May  18,  1918. 

A  discussion  of  the  existing  situation  in  Syracuse. 
X.  V..  defending  the  equal  division  between  the  city 
and  the  abutters. 

128.  Cravath,  J.  R. 

Practical  features  of  street  lighting  contracts. 

Elec.  Wld.  v.  p.  70,  7C9-12.     Oct.  13,  1917. 

Points   to   be   observed   in    negotiations   between 

municipalities   and   utilities,   with   special   attention 

to  securing  and  maintaining  the  best  public  relations. 

129.  Reed.  W.  E. 

Street    lighting    specifications. 
Ilium.    Engng.    Soc.    Trans,    v.    12,    p.    270-4; 
discussion,  p.  274-6.     No.  6,   1917. 

130     West,  J. 

Street-lighting  service  and  rates  discussed. 
Elec.  Rev.  cf  II'.  Elec'n.  v.  70,  p.  59-60.    Jan. 
13,  1917. 

Relative  importance  of  street  lighting  to  total 
income  as  dis.ussed  by  the  Massachusetts  Gas_and 
Electric  Ligh:  Commission. 

131.  Standard    clauses    for    street    lighting   specifi- 

cations. 
/.  E.  E.  Jour.    v.  55,  p.  522-4.      July,  1917. 
Report  of  a  committee. 

132.  Ives,  A.  S. 

Street  lighting  on  cost-of-service  basis. 
Elec.   Wld.  v.  67,  p.  949.     Apr.  22,  1916. 

Letter  to  editor  reviewing  the  paper  by  Mr. 
Van  Derzee.  published  in  the  EU:tri:al  World  tor 
April  1.  1916. 

L33.   Van  Derzee,  G.  W. 

Street  lighting  on  a  cost-of-service  basis. 
Elec.    Wld.   v    67,   |      7.-.S-60.      Apr.   1,   1916. 

Details  of  the  indeterminate  contract  plan. 
Abstract  of  a  paper  presented  before  the  Wisconsin 
"Electric  Association. 

134.   Improved  form  of  street  lighting  contract    in 
Wisconsin. 
Elec.  Wld.  v.  68,  p.  471-3.      Sept.  2,  I'M.; 
Features  of  indeterminate  form. 


STREET  LIGHTING   BIBLIOGRAPHY 


135.  Operating  costs  of  Boston  incandescenl 
lamps. 
Elec.  Rev.  &  W.  Elec'n.  v.  68,  p.  851       Mav 
13,  1916. 

Presented   by    the    Edison    Company    bi 
Massachusetts  Gas  and  Electric  Light  Con 


136.  Street    lighting    by    indeterminate    contract 

Elec.   Rev.   &    West.   Elec'n.   v.    68,   p    801-3 
May  6,  1916. 

Outline    of    plan    on    the    cost-of-servii  < 
which  the  municipality  assumes  responsibilii 
operating  company's  special  investment. 

137.  Street  lighting  contract  on  kilowatt-hour  basis 

for  Spencer,  Mass. 
Elec.  Rev.  &  W.  Elec'n.  v.  68,  p.  589.     Apr. 
1,  1916. 


138.  Ives,  A.  S. 

Factors  in  rate  making. 
Elec.  Wld.  v.  65,  p.  9SS-9.     Apr.  17,  1915. 

139.  Contracts  for  street  lighting. 

Elec.  Wld.  v.  64,  p.  1089-90.     Dee.  5,  1914. 
Discussion  of  the  contract  form  developed  by  the 

National    Electric    Light    Association    .mil    lip       \ 
ciation  of  Edison  Illuminating  Companies. 

140.  Payment  for  special  street  lighting. 

Elec.   Rev.    &■    W.   Elec'n.   v.   65,   p.    1129-30. 
Dec.  12,  1914. 

Methods   of   arranging   fo 
and  of  operating  expenses  in 

STATISTICS 

X 4 1 .    Information  concerning   electric   lighting;   tab- 
ulation. 
Munic.  Jour.  v.  42,  p.  SI  1-24.  June  21,  1917. 
Based   on   reports   from    more   than    two   hundred 


142.  Ornamental  street  lighting — 1916;  tabulation. 

Munic.  Engng.  v.  50,  p.  155-6.     April,  1916. 

143.  Street     lighting    revenues    in     New     England 

districts. 

Elec.   Wld.  v.  68,  p.  1153-4.      Dec.  9,  1916. 

Increase  in  revenue  has  been  effected  despite 
improved  efficiency  of  illuminants.  Gives  tabular 
analysis  of  street  lighting  practice  in  1  10  cities. 

144.  Tendencies  in  street  lighting  systems.     Street 

lighting    statistics    for    cities    over    25,000 
population  showing  types  of  lamps  and  rates 
for  service;  tabulation. 
Elec.  Wld.  v.  68,  p.  475-8.      Sept.  2,  1916. 

145.  Electric    lighting    data:    station    equipment  — 

amount  of  current  used  for  street  lighting 
and  other  purposes — fuel  statistics,  number 
and  kind  of  lamps  used  for  street  lighting  — 
ornamental  lighting — rates. 
Munic.  Jour.  v.  38,  p.  884-94.  June  24, 
1915. 
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Millar,  P.  S. 

;l  ighting. 

Ilium.  Engng.  Soc.  Trans,  v.   15,  p.   i- 
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H'-'     ■'"  76,  p.  77u  i.  Maj  8,  1920. 
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regulat  ing  shunt  coil. 
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Is''1    Edison    made    the    first    successful    incandes- 
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1879  First  public  streel  lighting  by  arc  lamps  in 
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Illumination  bibliography 
Ilium.  Engng.  Soc.    Trans,   v. 
No.  7.  1920. 


15,   p. 


148.  Miichel,  Alma  C. 

List    of  references  on  streel    lighting. 
Special  Libraries,  v.  10,  p.  21-7.     Jan..  1919. 

List  of    139   references   ...  alphabet; 

includes  some  material  on  gas  lig 

149.  Illuminating  Engineering  Societj 
Report  of  the  Committee  on  Pro 

Annual   report    reviewing   the  entire   field  of  illumi- 
nation   and    citing    numerous    references.      The      re- 
port is  published  in  the  Transaeli  ins  of  the 
The    amount    of    material   in    each    of    thi 
volumes  devoted  to  strcr'   ii. 

v.    8,  p.  348  52.     1913. 
v.    9,  p.  532  37.     191  I. 
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v.  12,  p.  .:7i'  SO 
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343  19. 
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1920. 


150.    Bohle,  Hermann 

Eli  '  trical  photometrv  and  illumination,  222  p. 
1912.     Charles  Griffin  &  Co.,  London. 

Includes    an    extensive    bibliography 
lighting.      References  to  street  light n: 
p.  217-18. 
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Balancing 

Four  Years  of  Balancing  Practice.   Akimoff,  1ST.  W. 
Am.     Soc.     Nav.     Engrs.     Jour.,     May      1921  ■ 
v.  33,  pp.  261-267. 
(Illustrated  article  on  the  general  principles,  i 

Circuit  Breakers 

A  Measure  of  the  Current-Breaking  Capacity  of 
Oil    Circuit    Breakers.        Charpentier,     P. 
(In  French.) 
Revue    Gen.    de   I'Elec,    May    14,    1921-    v     9 
pp.  687-693. 
(Mathematical.) 

Corona 

Voltage     and     Current     Harmonics     Cause.]     b 
Corona.     Peek,  Jr.,  F.  W. 
A.I.E.E.  Jour.,  June,  1921;  v.  40,  pp.  455-461. 
(Results   of   oscillographic   study   of   corona 
effects.) 

Electric  Currents,  Alternating 

Graphical    Calculation    of    Interconnected    A.  C. 
Circuits.      McAllister,  A.  S. 
Elec.  Wld.,  June  11,  1921;  v.  77,  pp.  1359-1363. 
(Theoretical  paper.) 

Electric  Lighting   -Motion  Picture  Studios 

Artificial  Illumination  for  Kinematography.    The 
Use   and   Abuse   of   Light   in   Studios   for 
Kinema  Film  Production.     Elvv,  J.  C. 
Ilium.  Engr.,  Feb.,  1921;  v.  14,  pp.  32-54. 
(Includes  a  short  chronology  of  the  earlier 
history  of  the  motion  picture.) 

Electric  Meters 

Reactive  Volt  Ampere  Hour  Meters.    Conditions 
Leading   up    to   the    Demand   for   Such   a 
Device.    West,  J.  W. 
Ohio    Elec.    Lt.    Assoc.    Monthly,    May,    1921; 
v.  8,  pp.  186-201. 
(On  the  theory  of  operation.) 

Electric  Transformers 

Transformers    for    Interconnecting    High-Voltage 
Transmission    Systems   for    Feeding    Syn- 
chronous    Condensers     from     a     Tertiary 
Winding.    Peters,  J.  F.  and  Skinner,  M.  E. 
A.I.E.E.  Jour.,  June,  1921;  v.  40,  pp.  483-489. 
(Theoretical  paper.) 

Electric  Transmission 

Long-Distance  Transmission  of  Electric  Energy. 

Imlay,  L.  E. 

A.I.E.E.  Jour.,  June,  1921;  v.  40,  pp.  507-516. 

(Considers   the   subject   from   the   economic 

and    engineering    standpoints.        Includes 

graphic  solutions  of  transmission  problems. 

Notes    on    Operation    of    Large    Interconnected 

Systems.    Elden,  L.  L. 

A.I.E.E.  Jour.,  June,  1921;  v.  40,  pp.  490-491. 


Electric  Transmission  Lines 

Some  T:  i         i  Lewis,  W    W 

A.I.E.E.  Jour.,  June,  1921;  v.   In.  pp,   piu  506 
(Includes   man)    graph  howing 

result  i  oi    1.    ts  1  ondui    1 
I  10,000  '..ilt    line,   particularl; 
corona  los  1 

Voltageand  Powi     1  1  ,j  66,000  Volt 

Transmii   ion   1  1 

1  rating  Station       Bail     ,  Ra    mond 
A.I.E.E.  Jour..  June,  1921  ;  v.   10 
(Methods     and     apparatus     used     1 

Philadelphia     Eli  ,„    the 

lines  between   its   Schuylkill   a 
stations.) 

Electrical  Machinery 

Importance  of  Efficiency  in  Electrical  Machinery 

Walker.   Miles.     ' 

Elei  n    (Lond.),     May    20,     1921 ;    v.    86.    on 

609-iU  I. 
(Concerned     with    the    design    of    electrical 
machinery,     particularly     as     to     size     of 
frame  and  its  influence  on  efficiency.) 

Electrical  Machinery — Temperature 

Measurement   of   Air    Passing    Through    Turbo- 
Generators. 
Engr.    (Lond.),    May    20,    1921;    v.    131,    pp 
550-5.".  1 . 
(Describes  an  electrical  method  of  measuring 
tile     air     used     111     ventilation     of     turbo- 
generators. 1 
Temperature  Limits  of  Large  Alternators.    luhlin 
G.  A. 
I.E.E.   Jour.,   Mar.,   1921;  v.  59,  pp.  281-318. 
(With   the   discussion,   forms   a   long    paper 
on  the  theory  of  alternator  temperatures.) 

Engineering  Education 

Requirements  of  the  Engineering  Industries  and 
the   Education   of   Engineers.      Alexander, 
Magnus  W.  and  Jackson,  Dugald,  ('. 
Mech.  Engng.,  June,  1921;  v.  43,  pp    391  395, 
397. 

Factory  Lighting 

Plant  Economies  Resulting  from  Better  Lighting. 
Reeder,  C.  H. 
Elec.    Rev.    iChgo.),  June   11,   1921;  v.  78,  pp. 
933-937. 

Heat  Insulation 

Apparatus     for     Testing     Insulating      Materials. 
Rowley.  F.  B. 
Am.   Soc   Heat.   &    Vent.    Engrs.   Jour.,    May 
1921;  v.  27.  pp.  469-474. 
(Methods  and  apparatus  for  heat  insulation 

tesls 
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Heat  Transmission 

Co  :<1  and  Air  Spaces. 

\Y 1,  Arthur  J.  and  Grundhofer,  E.  P. 

Ant.   Soi  'Hi.    Engrs.   Jour.,    May, 

1921  :  v.  27,  !'i).  455-462. 

of     Bulletin     No.     30,     Ri 
1 1 
I  Gives    test 

resui 

Hydroelectric  Plants,  Automatic 

Operating  Results  oi  a  1500-Kv-a.  Automatic 
M  ro  Station.  Belt,  T.  A.  E. 
Elec.  Wld.,  May  28,  1921;  v.  77,  pp.  123.3-1237. 
(Short  ;u  tii  le  (lowing  results  obtained  at  the 
Cedar  Rapids  plant  of  the  Iowa  Railway 
&  Light  Co  includes  tabulated  data  on 
Other  automatic  plants. 

Insulators 

Solution    nf    the     Porcelain    Insulator    Problem. 
Creighton,  E.  E.  F.  and  Hunt,  F.  L. 
A.I.E.E.  Jour.,  June,  1921;  v.  40,  pp.  480-482. 
(On   the  insulator   defects,   their   cause   and 
prevention.) 

Lightning  Arresters 

Operation  of  the  Surge  Arrester.    Bennett,  C.  E. 

Ohio    Elec.    Lt.    Assoc.    Monthlx,    May,    1921; 

v.  8,  pp.  181-185. 

(On    the   general   principles   of   construction 

and    operation    of    a    water    surge    tank 

lightning  arrester.) 

Load  Dispatching 

Load     Dispatcher — His     Duties    and     Problems. 
George,  F.  R. 
Jour.  Elec,  June  1,  1921;  v.  46,  pp.  560-562. 
(Concerned     with    the     work    of    the    load 
dispatcher  in  electric  power  systems.) 

Lubrication  and  Lubricants — Testing 

Endurance  Test  of  Force  Feed  Oils.   O'Neill,  J.  G. 
Am.     Soc.     Nav.     Engrs.     Jour.,     May,     1921; 
v.  33,  pp.  248-260. 
(Tests    results    are    presented    in    tabulated 
and  graphic  form.) 

Power  Costs 

Formula    for    Determining    the    Desirability    of 
Electric-Range  Load  to  Central  Station. 
Elec.  Merck.,  June,  1921;  v.  25,  p.  300. 

(Analyzes  the  value  of  the  electric-range  load 
to  the  central  station.) 

Power  Factor 

Computing   Power-Factor   Problems  by   Graphic 
Methods.    Schou,  Theo. 
Elec.  Rev.   (Chgo.),   Mav  28,   1921;  v.  78,  pp. 
860-866. 

Radio  Communication 

Development  of  Wireless  Engineering.  White. 
Joseph. 
5.  Af.  I.E.E.  Trans.,  Apr.,  1921;  v.  12,  pp. 
64-76. 
(Condensed  history  of  wireless  communi- 
cation from  its  first  commercial  appli- 
cation up  to  the  present.) 

Steam  Boilers,  Electric 

Electric  Boiler.     (In  French.) 

Revue  BBC.  May,  1921;  v.  8,  pp.  99-109. 

(Detailed  discussion,  with  special  emphasis 
on  the  electrode  type.  Describes  some 
typical  installations  and  gives  a  list  of 
recent  users  of  such  boil 


Steam  Plants 

Recording  l  .  Stok- 

Bail    .  i .    I . 
Me,  h.  Engng.,  June.  1921  :  v.   13,  pp 

1  tests  of  a  new 

,!,".  : 

Steam  Turbines 

Experimental  Investigation  of  the   Losses  in  the 
Blading  of  Steam  Turbim         In  French.) 
Revue  BBC.  Pel.. -Mar.,  1921;  v.  8,  pp.  49 

(Theoretical    paper,    including    test    results. 
Serial.) 
Steam-Turbine  Shaft  Glands.    Baker.  John  R. 
Power,  May  31,  1921;  v.  53,  pp.  xs  1-883. 

(Short  article  on  the  practical  consider- 
ations.) 

Substations 

Simplicity  in  Outdoor  Substation  Layout.    Moore. 
L.J. 
Elec.  Wld.,  June  11,  1921;  v.  77,  pp.  1365-1368. 
(Describes  equipment  of  the   San     Joaquin 
Light  &  Power  Company. 

Viscosity 

Viscosimeter  Calibration  and  Conversion  Chart. 
Lubrication,  May,  1921;  v.  7,  pp.  5-8. 

(Prints  a  chart  for  conversion  of  viscosity 
readings  from  one  system  of  measurement 
to  another.) 

NEW  BOOKS 

Cam    Design    and    Manufacture.       Jacobs,    F.    B. 

121    pp.,    1921,    New    York,    D.    Van    Nostrand 

Company. 
Cost    Accounting    to    Aid    Production.       Harrison, 

G.  Charter.  234  pp.,  1921,  New  York,  Engineering 

Magazine  Company. 
Gas   Torch  and   Thermit   Welding.      Viall,    Ethan. 

442   pp.,    1921,    New    York,    McGraw-Hill   Book 

Company,  Inc. 
High- Tension    Switchgear.        (Pitman's    Technical 

Primer  Series.)     Poole,  Henry  E.    118  pp.,  1921, 

New  York,  Sir  Isaac  Pitman  and  Sons,  Ltd. 
Human  Engineering;  A  Study  of  the  Management 

of   Human   Forces  in  Industry.     Wera,   Eugene. 

378  pp.,  1921,  New  York,  D.  Appleton  and  Com- 
pany. 
Interpretation  of  Radium  and  the  Structure  of  the 

Atom.       Ed.    4,    revised   and   enlarged.      Soddy, 

Frederick.      260    pp.,    1920,    New    York,    G.    P. 

Putnam's  Sons 
Marine  and  Stationary  Engines.    Ed.  2,  revised  and 

enlarged.      Goldingham,   A.    H.      233   pp.,    1921, 

New  York,  Spon  and  Chamberlain. 
Mathematical  Theory  of  Electricity  and  Magnetism. 

Ed.  4.     Jeans,  J.  H.     627  pp.,   1920,  Cambridge. 

England,  University  Press. 
Radiotelegraphisches  Praktikum.    Ed.  3.     Rein,  H. 

557  pp.,  1921,  Berlin,  Julius  Springer. 
Testing  of  Motive-Power  Engines.   Ed.  2.  Royds.  R. 

392  pp.,  1920,  New  York,  Longmans,  Green  and 

Company. 
Theory  of  Machines.     Ed.  2.     McKay,  Robert   F 

448  pp.,  1920,  London,  Edward  Arnold. 
Welding    Encyclopedia.        Mackenzie,    L.    B.    and 

Card,   H.   S".     224  pp.,   1921,   Chicago,   Welding 

Engineer  Publishing  Company. 
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FORTY-TON  HEROULT  STEEL   FURNACE   AT   THE   CHARLESTON.  W.   VA.,  NAVAL  ORDNANCE  PLANT 
(See  article,  "The  Largest  Electric  Steel  Furnaces,"  page  833) 


(  PATENTED) 

THE  higher  the  speed  of  rotating 
surfaces,  the  greater  the  liability 
to  wear.  Small  motors  running  at  high 
speeds  need  every  wear-protection. 
With  "NORmfl"  Precision  Ball  Bearings, 
all  the  wear  is  confined  to  hardened 
steel  balls  rolling  on  hardened  steel 
races.  Friction  is  almost  eliminated — 
which  means  that  wear  is  almost  neg- 
ligible. And  the  utmost  mechanical 
efficiency  is  assured. 


im 


See    that    your    Motors 
are  "NORfflfl"  Equipped 


Ibmj  Island!  &§ 


Ball, Roller. Thrust  and  Combination  Bearings 
Pi  Id 


WIRE  and 
CABLE 

FOR 

ELECTRICAL 
PURPOSES 

Bare  Copper  Wire — 

Soft,  Medium  or  Hard  Drawn. 

Copper  Trolley  Wire 
Stranded  Transmission  Cable 

Magnet  Wire — 

Round,  Rectangular  and  Square. 

Insulated  Copper  Wire  and  Cable 

Weatherproof  and  Slow  Burning 
Insulation. 

"K.  K."  Weatherproof  Line  Wire 

For  Electric  Light,  Electric  Rail- 
way, Telegraph  and  Telephone  Pur- 
poses. 

Annunciator  and  Office  Wire 


Price  lists  and  descriptive  pamphlets 
furnished  upon  request 
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THE  ELECTRIC  PROPULSION  OF  SHIPS 


A  brief  account  is  given  in  this  issue  of  the 
trials  of  the  "All  Electric"  U.S.  Battleship 
Maryland  and  in  a  previous  issue  (April, 
1919)  we  dealt  at  length  with  the  New 
Mexico  and  her  equipment,  so  on  this  occasion 
little  comment  is  needed  on  the  Maryland's 
equipment.  But  appended  to  the  article  in 
our  present  number  is  a  list  of  electrically 
propelled  ships,  both  those  built  and  being 
built  for  the  U.  S.  Navy  and  the  Merchant 
Marine.  This  is  a  truly  imposing  list  and  is 
worthy  of  special  note. 

Every  intelligent  citizen  in  every  country 
today  is  interested  in  battleships,  but  the 
main  interest  is  in  the  limitation  of  arma- 
ments and  the  corresponding  reduction  of 
taxation  which  is  one  of  the  most  pressing 
problems  of  all  those  sorely  tried  govern- 
ments and  peoples  who  took  part  in  the  World 
War.  For  this  reason,  some  of  the  ships 
listed  as  being  built  may  never  be  completed 
or,  at  least,  not  completed  and  commissioned 
according  to  present  schedules. 

But  whether  these  ships  are  completed 
according  to  programs  or  not,  the  engineering 
and  commercial  world  should  remember  one 
lesson  that  this  list  teaches,  namely,  that 
electric  propulsion  for  ships  has  been  tn<'d, 
proved  effective,  and  practically  speaking, 
standardized,  for  one  of  the  most  powerful 
navies  in  the  world.  As  a  nation's  life  is 
dependent  upon  her  naval  defense,  it  is  but 
natural  that  the  best  expert  advice  and 
judgment  should  be  used  in  selecting  the 
propelling  equipment  for  her  battleships  and, 
therefore,  this  selection  of  electric  propulsion 
for  the  most  powerful,  the  most  modern  and 
the  most  important  units  of  the  U.S.  Navy 
is  the  greatest  possible  tribute  to  the  electrical 
equipment  for  ships  in  regard  to  their  most 
essential  features,  namely,  reliability,  weight 
and  space  occupied  as  well  as  to  its  economy. 

The  New  Mexico  and  the  Maryland  are 
ships  of  moderate  power  as  ships  go  today 


but    their    more    powerful    sister    ship 

Dakota,    Indiana     Montana, 

Iowa   ami    the    \Ia    a  hn    U 

horse  power  just  double  thai  oi  the  Maryland, 

namely,  each  with  60,000  hor     power,  are  all 

scheduled  to  1  i    i    nipped  with  electric  drive. 

And    over    and    above    this    the    six    b 

cruisers  of  the  Lexifigton  class,  each  with  the 

enormous  power  oi    I  80,000 

each  designed  for  a  speed  of  33.6  knol 

scheduled  to  be  "all  electric" 

The    adop  ic    propulsion    for 

every  unit  in  sue! 

so    soon    after    the    inceptioi he    "All 

Electric"   Ship   is,    we  believe    th 
triumph   for   an    engineering    principl 
has  ever  occurred  in  the  hi  itor     ol  eng 
ing.    It  is  also  a  great  triumph  for  the  pioni 
and  sponsors  ol  electricalh  propelled  ships. 

So    far   as    the    U.S.    Navy    is    concerned, 
electric  propulsion   reigns   su  ul ,  on 

reviewing  the  general  subject  of  ship  pro- 
pulsion, it  will  be  noted  thai  there  are  many 
factors  in  the  operation  ol  fighting  ship 
can  take  advantage  of  the  inherent  char- 
acteristics of  the  electric  drive,  such  as  the 
maintenance  of  enormous  power  for  high 
speeds  and  the  economical  use  of  fuel  at 
cruising  speeds,  also  the  subdivision  of  the 
power  and  motor  units  in  such  a  way  as  to 
enable  different  classes  of  service  to  be 
formed  economically  with  the  same  appara- 
tus. But,  where  these  requirements  are  not 
present,  such  for  instance  as  in  a  passenger 
ship  or  tramp  steamer,  will  electric  propulsion 
displace  the  older  form  of  equipment  in  use? 
That  is  the  question.  The  answer  is  not 
likely  to  be  given  immedial  :ly,  but  a  study 
of  the  situation  leads  us  to  the  conclusion  that 
although  many  of  the  refinements  possible 
with  electric  drive  are  not  needed  in  mer- 
chant ships  and  especially  nol  in  the  tramp 
steamer,  the  economies  to  be  secured  by- 
using  rotary   prime   movers  will   ultimately 
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>r  ships  becoming 
universal. 

i  i  ius  arrangemenl   of  all  the 
apparatus,  the  elimination  of  the  shaft  alley 
the   reduction   of  fuel   usee],  all  lead  to 
nomy     with     electric    drive     and 
dingly  give  an  increased  cargo  carrying 
city.      Records    show   that    the    electric 
apparatus    is   less    liable    to    interruption   of 
service,   and  also  show   that  when  accidenl 
do  occur  they  arc  more  readily  repaired  in  the 
oi  electric  drive.     Even  in  the  event  of 
serious  damage  the  apparatus  can  be  recon- 
1    with  comparatively  little  trouble,  in 
in  li  a  way  as  to  make  a  large  percentage  of 
iriginal  power  capacity  available  at  the 
Her 
If  the  economies  incident  to  thehigli 
turbine  with  its  good  steam  and  water  rates 
arc    to    he    secured    for    marine    propulsion, 
some  of  its  inherent   disadvantages  such   as 
the  reversal  of  the  moving  elemi  ri1 
excess  of  economical  propeller  speeds,  or  thi 
provision    of    some    means    of    speed    reduc- 
tion between  the  prime  mover  and  propeller 
shaft,  must  be  overcome.     At  present  electric 
propulsion  can  overcome  all  these  difficulties 
in  an  absolutely  satisfactory  way  so  far  as 
technical  considerations  go.     When  we  have 
ied  this  stage,  how  long  will  it  be  before 
refinements  in  design,  standardization  of  pari  3 
lor  definite  ranges  of  size,  etc.,  will  lead  to 
ic  propulsion  displacing  all  other  modes 
of  propulsion  on  the  sea' 

The  history  of  electricity  in  the  industries 
has  been,  almost  without  exception,  that 
where  the  electric  drive  has  been  tried  it  has 
displaced  all  older  methods.  The  difficulties 
to  be  overcome  in  marine  engineering  are  no 

r  than  those  that  had  to  be  ma 
in  many  other  fields  of  engineering.  Electric 
energy  can  be  controlled  more'  perfectly  and 
more  efficiently  than  any  other  form  of 
energy  and  we  confidently  look  for  its  inherent 
characteristics  to  lead  to  economies  on  the  sea 
as  they  have  led  to  economies  on  the  land. 

But  if  these  economies  are  to  be  secured, 
we  must  overcome  the  common  prejudices 
which  persist  in  considering  electrical  appara- 
tus and  electrical  connections  complicated — 


experience    in     the     industries    lias    proved 

ipparatus  to  be  more  simple,  more 

reliable    and    more    easily    repairable    than 

iical  apparatus. 

We  quote  the  concluding  paragraph  oi  an 
article  by  Mr.  W.  L.  R.  Emmet  on  "The 
Electric  Propulsion  of  Merchant  Ships." 
published  in  our  issue  of  January,  L920,  to 
emphasize  that  experience  has  taught  that 
the  operating  force  can  make  repairs  in 
electrical  apparatus  more  readily  than  in 
mechanical  apparatus. 

"The  history  of  the  electrical  industry  has 
repeatedly  shown  that  persons  who  have  not 
used  electrical  apparatus  assume  that  its 
operation  requires  a  high  order  of  skill  and 
expert  knowledge,  and  of  this  assumption  we 
have  already  heard  much  in  connection  with 
electric  drive  for  ships.  A  vast  amount  of 
experience  has  repeatedly  shown  that  this 
assumption  is  the  direct  reverse  of  the  truth, 
and  a  little  thought  as  to  the  conditions  in 
electrical  apparatus  should  make  the  reason 
obvious.  Conductor  circuits  are  much  simpler 
mechanically  than  pipes  and  mechanical 
motions,  and  electrical  machinery  is  simply 
a  ci  'inbination  of  electric  circuits  with  n 
of  rotation.  The  connections  are  easily 
shown  by  diagrams,  and  little  mechanical 
skill  is  required  to  make  them.  The  work  of 
insulation  can  be  so  done  that,  under  such 
conditions  as  exist  in  ship  install; 
troubles  which  might  involve  difficulty  of 
repair  by  unskilled  persons  are  very  improb- 
able. In  all  the  extensive  uses  of  electricity 
in  mills,  mines,  railways,  and  other  industries 
it  has  seldom  failed  to  become  popular 
immediately  with  the  operating  forces.  In  no 
case  has  this  been  more  marked  than  in  the 
ships  which  have  been  driven  electrically. 
Large  electrical  apparatus  is  generally  simpler 
than  small,  and  the  machinery  used  to 
propel  a  ship  is  in  many  respects  simpler 
than  that  which  is  used  to  light  it.  Instead 
of  introducing  difficulties  to  the  operating 
force,  the  adoption  of  electric  drive  will 
eliminate  them  and  make  ships  much  less 
dependent  upon  the  skill  and  resourcefulness 
in  their  crews." 

J.  R.  H. 


The  U.S.S.  Maryland 

By  C.  I).  Wagoner 
Publication  Bi  reai  .  Genera]   Ei  e<  .,<■■  Company 

her  builders'  trials  with  flying  colors  and  g" 

which  are  to  take  place  in  November.— Editor.  er  official  Soverni 

battery  consists  of  fourteen  5-inch  vims,  for 
use  against  mosquito   craft .  . 

!-inch  anti-aircraft 
gun  and  six  .30-calibn  machine  guns.    Shi 
two   underwater   torpedo   tub      I  n    21  -inch 
torpedoes . 

The  Maryland  displaces  33,000  tons,  has  a 
speed  ot  21  knots,  and  a  cruising  radius  of 
10,000  miles.     She  is  an  oil  burning  ship  with 

a   fuel   capacity  of  approximate^     I.  tOO, I 

gallons.    Her  length  is  wi\  feel  and  hei 
97^  feet. 

Such,  in  brief,   is  the  specification  of  this 
latest  "Pride  of  the  Seas'-  who  recently 
pleted    her    builders'    trials    with    a    pel 
record.     For  33  continuous  hours  at  sea.  oft 
the  Virginia  Capes,  she  was  pul   ': 
sorts  of  tests,  bringing  into  play  the  greatest 
stress    on    all    parts   of   her   machinery    and 
equipment,  but  not  the  slightest  trouble 
experienced.     In  fact  naval  officials  declared 
she  operated  more  like  a  boat  thai  had  been 
in  sendee  four  or  five  years,  so  readil . 
easily  did  she  respond  to  the  tests 

Captain  Charles  F.  Preston,  who  has  I 
assigned  the  command  of  the  Maryland  and 
was  aboard  during  the  preliminary  trials,  is 
most  enthusiastic  over  the  perfecl  perform- 
ance of  the  new  electric  ship.  "  I  have  never 
been  on  a  warship  that  pleased  me  more  in 
my  thirty-six  -  years  with  the  navy.  She's 
a  wonder  in  every  respect,  :!  arship 

in  our  navy  and    the  most   powerful   in 
world,"  he  declared,   "I  am  highly  pleased 
and   satisfied    with    her    electric    equipment. 
There  is  practically  no  vibration  and  some- 
times I  actuallv  looked  out  to  sea  to  learn  if 


Capt.  Charles  F.  Preston,  in  Command 
of  the  U.  S.  S.  Maryland 

The  U.S.S.  Maryland,  the  third  electricallv 
propelled  battleship  of  the  U.  S.  Navy  to  be 
completed,  will  put  to  sea  for  her  official 
government  trials  in  the  early  part  of  Novem- 
ber. This  electric  superdreadnaught  is  the 
latest  achievement  of  American  naval  archi- 
tects and  her  propelling  machinery  is  the 
latest  triumph  of  the  electrical  world. 

The  Maryland  is  the  first  American  battle- 
ship to  carry  lo-inch  guns,  her  main  battery 
consisting  of  eight  l(j-inch  rifles.  There  are 
two  turrets  forward  and  two  aft,  each  mount- 
ing two  guns,  each  of  which  is  57  feet  in  length. 
Each  gun  fires  a  shell  of  2100  pounds  for  a  dis- 
tance of  20  miles,  using  a  charge  of  approxi- 
mately 480  pounds  of  powder      I  ler  secondary 


,      ■    ,     ,  . ,,....., 
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i  under  power,  so  i  and  smoothly 

rate." 

Like  her  prototype,  the  New  Mexico,  pio- 

ni  i     i  lectric  warship  of  the  world,  the  Mai  v- 

electrical  throughout.     Her  main  pro- 

machinerj  ci  insists  of  two  Curtis  steam 

turbii  i,  each  designed  to  develop 

L1.000  kilowatts  at  a  speed  of  2030  revolu- 

er  minute  to  drive  the  ship  at  a  speed  of 

21  knots.    These  supply  power  to  four  7000- 

horse  power*  reneral  Electric  induction  motors. 


One  of  the  Propeller  Motors.      The   Maryland   has  fc 
induction  motors  each  of  7000  h.p.  and  170  r.p.m. 
motor  is  12  ft.  in  diameter  and  weighs  62  tons 


ur  such 
The 


directly  connected  to  the  four  propeller  shafts 
and  turning  at  170  revolutions  per  minute. 
The  motors,  among  the  largest  ever  built, 
are  12  feet  in  diameter,  weigh  62  tons,  and  the 
2S.000  horse  power  thus  available  for  pro- 
pulsion purposes  is  enough  to  supply  power 
to  a  city  of  100,000  population. 

The  two  turbine-generators,  supplied  with 
steam  generated  by  eight  oil  burning  boilers, 
can  be  run  independently.  Either  is  capable 
of  driving  the  ship  up  to  a  speed  of  about  17 
knots.  The  power  generated  by  them  is 
used  for  no  other  purpose  than  propelling, 
electrical  current  for  other  needs  being 
generated  by  six  300-kilow-att  turbine-gen- 
erators. 


Virtually  every  electrical  appliance  used 
afloat  and  ashore  has  been  installed  in  this 
new  battleship.  The  electrical  equipment 
includes  radio  telegraph,  loud  speaking  tele- 
phones, ordinary  telephones,  gyroscope  com- 
pass, steering  gear,  anchor  windlass,  capstan, 
boat  cranes,  winches,  air  compressors,  air 
heaters,  turret  training,  turret  gun  elevat- 
ing, ammunition  hoists,  gun  firing,  range 
signalling,  powder  testing  oven,  deck  fans, 
ice  machines,  laundry  equipment,  carpenter 
shop,  lighting,  visual  signals,  motidn  pictures, 
sterilizer  in  operating  room,  potato  peeler, 
ice  cream  freezer  and  other  kitchen  utensils, 
bake  ovens,  irons  for  laundry  and  tailor, 
storage  batteries,  motor  boat  ignition,  etc. 

It  is  probable  that  no  ship  built  by  any 
nation  in  the  past  has  been  so  thoroughly 
equipped  for  the  comfort  and  convenience  of 
the  crew. 

A  completely  equipped  hospital  will  be 
maintained  on  board  with  naval  surgeons  to 
look  after  the  health  of  the  crew  and  a  dentist 
to  look  after  the  men's  teeth.  A  chaplain  will 
be  assigned  to  the  ship  to  hold  regular  church 
services  and  to  devote  his  time  to  the  spiritual 
welfare  of  the  officers  and  men. 

The  Maryland  was  built  by  the  Newport 
News  vShipbuilding  and  Dry  Dock  Company 
and  the  electrical  equipment  was  designed 
and  manufactured  by  the  General  Electric 
Company. 

The  ship  was  launched  on  March  20,  1920. 
Her  chief  characteristics  are: 

Length 624      feet 

Beam 97  H  feet 

Draft Z0Y2  feet 

Weight 33,000  tons 

Speed 21  knots 

Number  of  propellers 4 

Shaft  horse  power 28,000 

Oil  capacity 1,400,000  gallons 

Oil  burning  boilers 8 

Four  more  battleships  of  this  type  are  being 
built,  the  California  to  be  completed  this 
summer,  the  West  Virginia  to  be  ready  for 
her  trial  trips  in  1922,  the  Colorado  and  the 
Washington.  In  addition  the  navv  is  build- 
ing six  43,000-ton,  60,000-horse  power  battle- 
ships and  six  battle  cruisers  rated  at  ISO, 000 
horse  power  each,  or  six  times  as  powerful  as 
the  Maryland.  Both  of  these  types  of  warship 
will  carry  16-inch  guns  and  will  be  elec- 
trically driven. 

Production  of  the  electrical  machinery  for 
several  of  these  vessels  is  now  progressing 
under  the  direction  of  W.  L.  R.  Emmet,  con- 
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suiting  engineer  of  the  General  Electric  Com- 
pany, who  advocated  the  principles  of  the 
electric  drive  as  long  ago  as  1909,  was  instru- 
mental in  its  adoption  by  the  government, 
and  designed  the  first  electric  drive  installed 
by  the  navy  on  a  battleship,  now  worki 
successfully  on  the  U.S.S.  New  Me} 


Some  idea  of  the  popular-.'  vth  oi 

rically  propelled  ships  r 

an    Mercha 
may  be  gained  from  the  fig  in  the 

appended  table  of  electrically  propelled  ships 
already  completed  and 
under  construction. 


Naval  Vessels 


In  Service 

Jupiter 

New  Mexico 

Tennessee 


California  . 
Colorado . 


Being  Built 


Collier 

Battleship 

Battleship 

Battleship 

Battleship 

Maryland Battleship 

Washington Battleship 

West  Virginia Battleship . . .     . 

Dakota Battleship 

Indiana Battleship .  .  . 

Montana Battleship 

North  Carolina Battleship.  .  .  . 

Iowa Battleship.  .  .  . 

Massachusetts Battleship 

Lexington Battle  Cruiser  . 

Constellation Battle  Cruiser  . 

Saratoga Battle  Cruiser 

Ranger ]  Battle  Cruiser  . 

Constitution I  Battle  Cruiser  . 

United  States I  Battle  Cruiser  . 


7,000 

L'N.IIIIII 

28,000 

28,000 
28,000 
28,000 

L'S.III  111 

2S,(IUI1 

til), in  in 

60,000 

60,000 

60,000 

60,000 

60,000 

180,000 

180,000 

180,000 

180,000 

180,000 

180,000 


L5 
21 

21 

21 
21 
21 

21 

21 

23 

23 

23 

23 

23 

23 

33.6 

33.6 

33.6 

3  ;  6 

33  6 

33.6 


20,000 
33,000 

33,000 
33,000 
33,000 

33,0110 
43, 

13,000 
43,000 
43,500 
43,500 

43,500 


Merchant  Ships 


In  Service 

Eclipse Cargo  Carrier 

Invincible Cargo  Carrier 

Archer Cargo  Carrier 

Independence Cargo  Carrier 

Cuba Passenger  and  Cargo 

Mariner  (Diesel-electric) Trawler 

Being  Built  or  Equipped 
Eight  cargo  carriers,  each  .... 
Four  coast  guard  cutters,  each 
Fordonian  (Diesel-electric).  . . .   Cargo  Carrier. 


3,000 
3,111  III 
3,000 
3,000 
3,000 
400 


3,000 

2,600 

850 


16,000 

16, 

[6,000 

500 


16,000 
1,600 
2  21 H I 


Total  displacement  tonnage,  naval  and  merchant  marine,  in  service,  154,080;  being  built,  820.600. 
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Turbine  Lubrication 


PART  II.    MARINE  TURBINES,  REDUCTION  GEARS  AND 
LUBRICATING  SYSTEMS 

■    ■     I  rigs  for 

i  :      pn      ni  installment  discusses  the  lubi 

factor  in  any  lubrii up  m  where 

The 
eam  turbine  n  in  Pari  i.  and  they  arc  n 

pi  >nd  w  ith  1  -Editor. 


In  the  large  majority  of  stationary    i 
mi   land,   steam   turbines  are  used   to   di 

ts  from  which  the  pov 
distributed  to  \  arious  1 1]  iera1  ing  macl 
about  the  plant  or  in  neighboring  plants.  As 
ated  li  peed  oi  the  steam 
turbine  must  necessarily  be  high,  but  as  an 
generator  can  easily  be  so  designed 
that  its  speed  conforms  to  that  found  most 
efficienl  for  the  turbine,  it  can  be  directly 
connected  to  the  turbine.  With  marine  nut- 
fits,  however,  it  is  impossible  to  design  a  pro- 
peller which  will  run  economically  at  the  high 
speed  of  the  turbine.  This  is  compromised  in 
the  case  of  snme  speed  boats  by  running  the 
turbine  under  speed  and  the  propeller 
-in  i'i!.  This  procedure,  however,  is  quite 
uneconomical.  The  problem  then  is  to  trans- 
mit the  power  generated  by  the  turbine  at 
high  speed  to  the  propeller  which  must  rotate 
at  comparatively  low  speed.  Three  methods 
in  general  have  been  used  to  carry  out  this 
transmission  of  power:  First,  hydraulic; 
second,  electrical;  and  third,  mechanical. 

The  hydraulic  method  utilizes  a  high 
speed  pump  upon  the  turbine  shaft,  and  a  low 
speed  hydraulic  turbine  upon  the  propeller 
shaft.  Several  outfits  have  been  constructed 
and  operated  on  this  principle,  but  even  with 
the  best  designs  the  efficiency  was  found  to  be 
low  and  the  method  has  not  received  general 
application.  (2)  The  electrical  drive  is  per- 
haps the  most  widely  discussed  method  of 
power  transmission  on  ships  at  the  present 
time,  and  many  very  large  ships  have  been 
successfully  operated  on  this  system.  It  con- 
sists, primarily,  of  a  high  speed  generator 
directly  connected  to  the  turbine.  The  i  1<  c- 
trteal  power  that  is  thus  generated  is  utilized 
in  driving  a  low  speed  motor  connected  to  the 
propeller  shaft.  This  system  is  quite  elastic. 
(3)  At  the  present  time  the  most  generally 
used  system  of  power  transmission  for  ships 
is  the  mechanical  drive  using  reduction  geared 
apparatus. 

*Courtesy  The  Texas  Company 


Reduction  Gears 

Reduction  gears  used  with  turbine  outfits 

may  be  either  single  or  double  reduction.  In 
the  single  reduction  outfits  a  small  pinion  at- 
tached to  the  turbine  shaft  drives  a  largi 
ci  mnected  to  the  propeller  shaft.    1 1 
reducti  he  small  pinion  on  the  turbine 

drives  a  larger  pinion  on  the  counter-shaft  to 
which  is  attached  a  smaller  pinion  which  in 
turn  drive  a  largi  gear  on  the  propeller  shaft. 
This  latter  system  is  applicable  where  large- 
reduction  speeds  are  required.  A  charac- 
teristic ratio  of  speeds  used  is  3,500  r.p.m.  on 
the  high  speed  shaft,  500  r.p.m.  on  the  inter- 
mediate, and  100  r.p.m.  on  the  low  speed 
shaft.  The  gears  used  in  this  reduction  appa- 
ratus are  usually  constructed  with  the  herring- 
bone type  of  ti  eth  to  prevent  end  movei 
though  recently  there  has  been  some  agitation 
for  straight  toothed  gears. 

As  the  tooth  clearances  in  reduction  gears 
are  very  small,  sometimes  not  over  1/1000  of 
an  inch,  the  bearing  supports  must  be  rigid  in 
order  to  eliminate  changes  in  alignment  due 
to  heat  expansions  or  binding  stresses.  The 
clearances  in  the  bearing  boxes  also  must  be 

small  and  the  same  throughout,  about  2    1 1 

inches,  and  the  babbitted  bearing  pieces  must 
be  constructed  with  great  accuracy  in  order 
that  the  system  may  run  true  with  minimum 
binding.  The  lubrication  of  these  bearings 
is  the  same  as  previously  discussed  under  the 
main  turbine  bearings.  It  is  sometimes 
thought  advisable  to  install  a  more  or  less 
flexible  coupling  on  the  turbine  shaft  between 
the  turbine  proper  and  the  small  pinion  of  the 
reduction  gear.  This  allows  the  gear  to  take 
its  own  alignment  without  undue  strain,  but 
this  should  be  in  the  nature  of  an  extra  pre- 
caution and  not  a  necessity.  The  alignment 
should  be  correct  without  the  flexible  coupling. 

The  use  of  reduction  gears  introduces  a  new 
problem  in  the  lubricating  system.  These 
gears  have  tooth  pressures,  running  from 
300-750    pounds    per    square    inch,    and    in 
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order    to    run    smoothl}     and    si 
should  be  lubricated       T\ « i   li  >y  , , 

oil   will   not   withstand    these   high    pre 
and  will  not  prevent   wear  on   the  tooth  sur- 
face.    In  any  gear  there  is  a  slight  slipping  in 
the  meshing  action  and  the  lubricant  should 
prevent  or  reduce  the  degree  oi  metalli 
tact  of  these  surfaces.     It  is  generally  con- 
sidered desirable  to  supply  a  different  lubri- 
cant to  the  gears  from  that  supplied   to  thi 
bearings,    but    in    many    eases    this    is 
impractical  and  the  gears  are     upplied 
the  same  lubrication  system  as  the  bearings 
This  means  that  the  oil  used  in  the  general 
system  must  be  of  sufficient    viscosil      at  the 
temperature  at   which   it   is  supplied   ti 
gears  to  withstand  the  high  tooth  pre 
and  prevent  wear.     Oils  of  300-500  seconds 
viscosity  at  100  deg.  F.  have  been  found  to 
operate  quite  satisfactorily  on  the  gears.     On 
very  slow  running  gears  which  normally  have 
higher  tooth  pressures  an  oil  with  a  viscosity 
of   even    higher   than    500    seconds    is    often 
recommended. 

But  oils  of  these  high  viscosities  will  not 
operate  satisfactorily  in  bearings,  and  there- 
fore some  compromise  must  be  made  to  get 
the  best  all-round  lubrication.  As  the  vis- 
cosity of  oils  decreases  with  temperature  rise, 
some  operators  reduce  the  viscosity  of  the  oil 
for  their  bearings  by  heating  that  portion  of 
the  oil  which  goes  to  the  bearings,  while  that 
which  goes  to  the  gears  remains  at  normal 
temperature.  If  the  temperature  can  be  con- 
trolled this  is  a  solution  to  the  problem. 

The  oil  is  applied  to  the  gears  by  means  of 
a  number  of  spray  jets  so  arranged  that  the 
oil  is  forcibly  played  upon  both  the  entrance 
and  exit  faces  of  the  teeth  as  they  mesh.  The 
excess  of  oil  is  drained  away  to  the  oil  sump. 

There  has  been  considerable  discussion  as 
to  the  cause  of  pitting  of  the  gear  in  reduction 
gear  apparatus.  For  a  while  attempts  were 
made  to  lay  the  blame  upon  the  oil,  but  it  is 
generally  conceded  now  that  the  action  is 
due  to  the  flaking  off  of  small  particles  of 
metal  as  a  result  of  the  localized  tooth  pres- 
sures before  wearing  in  properly.  This  action 
does  not  continue  appreciably  after  a  short 
time.  Another  trouble  found  in  reduction 
gears  is  occasional  rusting.  This  is  no  doubt 
due  to  the  combined  action  of  moisture 
and  air  in  the  oil.  i.  e.,  emulsions,  as  in 
this  form  moisture  and  air  are  brought  into 
intimate  contact  with  the  steel,  and  the 
possibilities  of  rusting  are  greatly  accentuated. 
The  remedy  naturally  is  to  use  oil  with  a 
minimum  tendencv  towards  emulsion  and  to 
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Lubrication  Systems 
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positive  means  for  delivering  oil  to 

a  means  for  cooling  the  oil   to  the   required 

temperature,  and    ome  met  hod  ol   remi 

objectionable    material.       In    small    turb 
the  essentials  are  combined  by  allowing  the 
oil  to  drain  into  a  sump  tank  which 
capacity  to  allow  the  oil   to  remain  in  : 
tical  quiet  sufficiently  long  for  the  sludgi 
settle  out,  which  action  will  take  place  pro- 
vided  the   oil  was  originally   of    tin     pi 
character.     Unfortunately  the  sump  tanks  of 
many  small  turbines  an1  of  insufficient  capac- 
ity to  allow  this  settling   to  take  place  satis- 
factorily.    It   is  usual  io  have  coolinj 
placed  in   this   tank   in   order   to   reduce   the 
temperature  of  the  oil  to  that  required  for  the 
bearings.      In   order  not   to  disturb  tin-  sedi- 
ment the  oil  is  drained  from  the  tank  si 
inches  above  the  bottom  by  means  of  a  pump 
geared    directly    to    the    turbine    shaft,    and 
pumped  to  the  bearings  under  pressure. 

In  larger  turbine  sets,  more  elaborate  sys- 
tems are  used  for  reconditioning  the  oil,  differ- 
ing considerably  in  details  but,  more  or  less  the 
same  in  principle.     In  each  of  these  system 
there  are  storage  tanks,  sump  tanks,  cooling 
coils,    strainers,    filters,    with    the    necessary 
pumps   to   carry   the   oil    from   one   stage   to 
another.      Some    systems    in    addition    have 
special   tanks   where   the   oil   can    1 
and    thus   expedite    the    settling   out    of    the 
sludge.     Whatever  the  type  oi  system  used  it 
must  be  positive  in  action,  as  simple  as  prac- 
tical to  construct    and  contain  sufficient 
guards  to  assure  an  adequate  supplj  of  oi 
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all   times   tn   the   bearings  and  gears.     This 

ing   in   duplicate 

lief  valves  being  placed  so  as  to  allow 

by-passing   of   the   nil    around   strainers   and 

filters  if  they  become  clogged. 

Pressure  and  Gravity  Systems 

In  order  to  force  the  oil  through  the  lubri- 
cating train  then'  are  in  general  two  systems — 
the  pressure  and  the  gravity.  From  the 
standpoint  of  first  cost,  the  pressure  system 
is  the  «  te  to  the  fact  that  less  equip- 

such  as  tanks,  pipe,  fittings, 
he  pressure  system,  the 
lubricating  oil  pumps  draw  the  oil  from  the 
sump  or  drain  tank,  or  purifying  system,  and 
apply  the  oil  to  the  unit  under  pressure,  the 
,i mini;  back  to  the  drain  tank  where  it 
is  again  picked  up  by  the  pumps  and  again 
ed  to  the  unit.  This  causes  a  continual 
circulation  of  the  oil  through  the  system.  At 
the  present  time  there  are  a  number  of  units 
operating  under  the  pressure  system  with 
approximately  400  gallons  of  lubricating  oil 
in  the  system.  This  condition  is  usually 
wrung,  as  the  circulation  of  the  oil  is  so  rapid 
that  after  coming  in  contact  with  heated 
surfaces  in  passing  over  the  bearings  it  does 
not  have  time  to  settle  and  cool  and  will  dete- 
riorate  very  rapidly.  In  operating  under  the 
pressure  system,  it  should  be  of  ample  size  to 
handle  from  800  to  1,000  gallons  of  oil  in  con- 
tinuous circulation.  The  pressure  system 
should  pump  oil  to  the  bearings  in  excess  of 
that  required,  a  relief  valve  or  other  means 
being  provided  to  drain  the  excess  oil  back  to 
the  sump  tank. 

The  gravity  lubricating  system  is  handled 
somewhat  differently  from  the  pressure  sys- 
tem. The  oil  is  taken  from  the  drain  tank  by 
the  lubricating  oil  pumps  and  delivered 
through  the  purifying  system  to  a  gravity 
tank  located  in  the  top  of  the  engine  room. 
From  here  the  oil  flows  over  the  unit  by  grav- 
ity. The  pressure  obtained  depends  on  the 
height  at  which  the  gravity  tank  is  located 
above  the  unit.  It  is  often  found  desirable 
to  have  two  tanks  in  the  gravity  system.  This 
alii  iws  sufficient  time  for  the  oil  to  settle  and 
for  the  sludge  and  emulsion  to  be  eliminated. 
It  also  provides  a  duplicate  so  that  the  tanks 
may  be  cleaned  alternately. 

With  the  gravity  system,  improvement  can 
be  made  over  some  of  the  present  types  of 
gravity  tanks  in  use.  There  is  one  type  of 
gravity  system  in  which  the  lubricating  oil 
pumps  are  controlled  by  a  float  in  the  tank 
which    automatically    closes    and    opens    the 


steam  control  on  the  throttle  valve  of  the 
lubricating  oil  pump.  By  this  method  a  high 
and  low  level  of  oil  is  obtained  in  the  gravity 
tank.  When  the  high  level  is  reached  the 
float  automatically  eioscs  the  steam  valve 
which  slows  down  the  lubricating  oil  pump 
and  decreases  the  oil  discharge  from  the  pump. 
When  the  low  level  is  reached,  the  float  will 
automatically  open  the  steam  valve  and  allow 
the  lubricating  oil  pump  to  speed  up,  increas- 
ing the  discharge  of  oil  from  the  drain  tank  to 
the  gravity  tank.  When  operating  under  these 
conditions  where  lubricating  oil  pumps  are 
governed  by  automatic  control  valves,  a  by- 
pass throttle  valve  should  be  installed  for 
operation  in  case  the  automatic  control  valve 
becomes  stuck  from  corrosion  or  mechanical 
defects.  The  automatic  control  valve  when  in- 
stalled should  be  equipped  with  union  or  flanged 
connections  and  a  valve  on  each  side,  so  that 
the  operator  can  make  any  necessary  repairs 
in  the  shortest  time  and  most  convenient  way. 

With  this  type  of  gravity  system  the  oil  is 
not  agitated  to  the  same  extent  as  with  the 
system  where  lubricating  pumps  are  operat- 
ing continuously  at  a  set  speed.  This  system 
also  allows  the  oil  to  rid  itself  of  any  air  that 
has  accumulated  which  would  cause  a  drop  in 
pressure  if  an  excessive  air  emulsion  were 
formed.  This  emulsion  takes  place  especially 
with  some  types  of  oil  of  high  viscosity. 

In  some  installations  visible  and  audible 
alarms  are  used  to  indicate  when  the  oil  in  the 
tanks  is  at  its  high  and  low  levels. 

The  other  type  of  gravity  system  is  arranged 
in  a  similar  way  with  the  exception  that  the 
pump  works  under  the  control  of  an  auto- 
matic valve,  so  that  it  pumps  continually  at 
the  same  rate  of  speed  after  the  system  has 
been  put  in  operation,  working  under  steam- 
ing conditions.  This  causes  the  overflow  from 
the  gravity  tank  to  drain  tank  to  be  operating 
at  all  times. 

The  lubricating  oil  system  for  marine  prac- 
tice should  be  a  combination  of  both  pressure 
and  gravity  types.  This  can  be  arranged  by 
putting  in  a  by-pass  from  the  discharge  side 
of  the  lubricating  oil  pumps  to  the  main  sup- 
ply line  from  the  gravity  tank.  With  valves 
installed  at  the  proper  points  either  system 
can  be  operated  independently. 

The  gravity  tank  should  be  of  sufficient 
size  to  have  at  least  four  division  plates  with 
the  discharge  from  the  lubricating  oil  pumps 
striking  a  baffle  plate  installed  in  the  first 
compartment.  This  will  allow  the  force  of  the 
oil  to  be  broken  before  it  flows  into  the  com- 
partment, after    which  the  oil  flows  succes- 
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sively  under  the  first  division  plate,  o\  i 
top  of  the  second,  under  the  bottom  o 
third,  and  over  the  top  of  the  fourth  division 
plate  into  the  last  compartment.  Thence 
it  flows  into  the  main  feed  or  supply  line  to  the 
unit.  The  main  supply  line  should  be  con- 
nected to  the  side  of  the  gravity  tank  at  least 
6  inches  from  the  bottom  of  the  tank,  in  order 
that  any  sediment  in  the  oil  will  have  a  ten- 
dency to  settle  at  the  bottom  instead  of  flow- 
ing down  the  supply  line  and  passing  into  the 
unit.  All  gravity  tanks  should  be  equipped 
as  mentioned  in  order  to  eliminate  the  air 
from  the  oil  as  much  as  possible.  Air  will 
hasten  oxidation  and  quicken  the  rise  in  the 
viscosity  of  the  oil.  The  gravity  tank  should 
be  equipped  with  a  vent  pipe  on  each  com- 
partment to  allow  air  to  escape,  as  the  cover 
on  top  of  the  tank  is  bolted  down  tight  to 
prevent  oil  from  escaping  when  the  ship  is 
rolling  and  pitching  at  sea.  The  tank  should 
also  be  equipped  with  coils  for  heating  the 
oil  in  cold  weather,  or  at  such  time  as  the  oils 
need  reconditioning.  An  overflow  line  should 
be  fitted  to  the  last  compartment  approxi- 
mately 6  to  8  inches  from  the  top  of  the  tank, 
this  line  leading  back  to  the  sump  tank.  At 
the  lower  engine  room  platform  there  should 
be  installed  in  this  line  a  sight  glass  which 
will  enable  the  engineer  to  note  the  amount 
of  oil  in  the  system.  On  the  last  compartment 
of  the  gravity  tank  there  should  be  fitted  a 
sight  glass  equipped  with  automatic  valves, 
so  that  in  case  the  glass  becomes  broken  the 
pressure  of  the  oil  will  close  the  valve.  Each 
compartment  should  be  equipped  at  the  low- 
est point  with  a  valve  for  the  purpose  of  drain- 
ing off  water  which  may  accumulate  in  this 
tank.  This  drain  should  be  so  installed  that 
it  will  discharge  into  a  funnel  fitted  on  the 
drain  line,  which  will  lead  to  the  bilge.  The 
gravity  tank  should  not  be  installed  at  an 
excessive  height,  as  greater  stress  will  be 
thrown  on  the  oil  pump  in  forcing  the  oil  to 
the  tank,  while  if  the  tank  is  too  low  the 
proper  pressure  cannot  be  maintained  for 
operating  the  gravity  system.  The  proper 
height  should  range  from  20  to  30  feet  above 
the  center  line  of  the  main  unit.  The  tanks 
usually  have  a  capacity  of  approximately  1 ,000 
gallons.  A  float  should  be  installed,  electrically 
connected,  that  will  ring  an  alarm  bell  to  at- 
tract attention  should  the  oil  level  become  low. 

Pumps  and  Strainers 

Lubricating  oil  pumps  should  be  installed 
as  low  as  practical  in  order  that  the  oil  either 
will  flow  to  the  pump  or  the  vacuum  lift  will 
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tions make  provision  for  automatically  govern- 
ing the  speed  of  the  pump,  instead  of  control- 
ling it  by  direct  connection  to  the  turbine  In 
pump  installation  it  is  often  found  advisable 
to  install  a  pressure  gauge  and  a  relief  valve 
at  the  discharge  side  of  the  pump,  so  arranged 
that  the  excess  oil  is  led  back  either  to  the 
sump  tank  or  to  the  suction  end  of  the  pump. 
This  is  for  the  purpose  of  providin 
the  entire  lubricating  stem,  for  should  an 
excessive  pressure  develop  the  valve  will 
open  and  relieve  the  pump  of  this  pressure. 
In  the  case  of  reversing  turbines,  pumps  are 
sometimes  so  equipped  with  check  valves  that 
theyT  will  operate  in  either  direction.  In  all 
pump  installations  no  soft  or  composition 
packing  should  be  used,  asund  ion  of 

the    oil    this    packing    may    deteriorate    and 
impair  the  quality  of  the  lubricant. 

In  all  lubrication  systems  there  arc  installed 
strainers  equipped  with  very  fine  mesh  wire 
for  eliminating  any  particles  which  may  have 
accidentally  got  into  the  system.  These  are 
usually  installed  on  the  discharge  side  of 
the  oil  pump  and  are  in  duplicate.  Many 
systems  of  lubrication  also  have  strainers 
installed  in  other  places.  The  strainers  should 
have  a  large  ratio  of  their  area  to  that  of  the 
pipe — at  least  6  to  1— and  should  require  a 
low  pressure  head  to  overcome  the  friction  of 
the  oil  through  them  It  is  advisable  to  have 
strainers  equipped  with  a  relief  valve  or  other 
means  of  overflow,  so  that  if  they  become 
choked  the  flow  of  oil  through  the  system  will 
not  be  checked. 

Oil  Coolers 

In  mam-  lubricating  systems  of  steam  tur- 
bines, especially  in  the  smaller  units  where 
there  are  no  filtering  systems,  it  is  necessary 
that  the  oil  which  comes  from  the  bearings 
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gineer  a  more  positive  ci 
-  flow.     Thermometers  should  be 
placed  both  in  the  inlet  water  line  and'the 
outlet  oil  line.     In  cold  weather  the  oil 
may  often  be  by-passed 

Sump,  Settling  and  Reserve  Tanks 

All  lubrica  ems  arc  provided  with 

sump  tanks  which  are  generally  placed  , 

'   poinl  in  the  system,  with  the  possible 

tion   of  the  lubricating  oil  pump.     In 

mis  the  sump  tank  may  act  as  a 

.-ruling  tank  but  generally  the  settling  is  done 

eparate  unit.    The  sump  tank  should  be 

of  ample  capacity  to  contain  approximately 

lire  quantity  of  oil  used  in  the  system. 

and  should  be  equipped  with  vent  pipes  and 

1 1  that  the  amount  of  oil  present  can  be 

noted   by   the  engineer.     A   drain  should   lie 

installed  at  the  lowest  point,  and  the  suction 

line  to  the  lubricating  pump  should  take  the 

oil  from  a  point  at  least  two  inches  above  the 

1m  it  torn  so  that  foreign  particles  will  i 

drawn  into  the  s\ 

From    the    sump    tank    the    oil    is   usually 
pumped  to  the  settling  tanks.     These  should 
be  i  >!  ampl     ize  ti  i  held  the  entire  chat 
oil  in  the  lubricating  system,  and  should  be 
equipped  with  steam  coils,  drains,  vent  pipes. 
sight  glasses,  and  various  by-passes  ami  i 
connections.     By  having   the  settling    tanks 
oil   remains  comparatively   cjuiet, 
and  if  the  oil  is  heated,  water,  emulsions  and 
will  very  largely  separate  out.     E 
dvise  that  sump  and  settling  : 
lipped  with  wati  30  that  the 
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reconditioning    tin-    ml    ami    removing    any 
harmful  products  of  d  In  the 
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which  remove  such  mat   rial  as  w 
removed  by  th 
Filters  arc  usually  c<  m 
small  units  so  arranged  in  a  tai 
lie  taken  out  one  and  cleaned  with- 

out disturbing  the  flow  of  oil  through  the 
filter.  The  settling  tank  and  filter  ma 
combined  in  one  unit  and  in  some  cases. 
.illy  if  a  pressure  system  is  used  the 
filter  unit  may  also  contain  the  supply 
tank. 

Instead  of  filters  many  system 
the  oil  from  water  and  sludge  by  means  of 
centrifugal  units.  As  the  impurities  in  the  oil 
i  nerally  heavier  than  the  oil  itself,  they 
are  thrown  to  the  outside  of  the  centrifuge 
and  can  be  drawn  off.  These  centrifuges  are 
so  designed  that  there  is  no  loss  of  oil  and 
if  the  amount  of  water  and  sludge  is  very 
small,  the  oil  cannot  get  into  the  drain  line 
provided  for  the  impurities. 

It  is  not  generally  considered  necessary  to 
cause  all  the  oil.  as  it  comes  from  the  turbine. 
to  pass  throuph  the  filtering  or  cleaning  sys- 
tem on  each  cycle.  In  some  systems  a  batch 
of  oil  is  withdrawn  at  one  time,  treated  and 
then  returned  to  the  system,  while  in  others 
the  pipes  are  so  arranged  that  about  5  per  cent 
or  10  per  cent  of  the  oil  is  continuously  with- 
drawn, is  passed  through  the  filters  or  cleaners 
and  then  returned  to  the  system.  If  the  oil 
is  of  proper  character  to  begin  with,  these 
partial  systems  are  found  to  be  quite  efficient, 
and  the  oil  is  kept  in  service  a  long  time  by 
their  use. 

Piping 

All     piping     should     be     so    installed     and 
equipped  with  valves  that  any  of  the  dupli- 
cate units  in   the  lubricating  svstcm  can  be 
1  if  necessary  or 
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desirable.     The  oil  filli 
marine  outfits  should  be  fitted  wi 
tight  cap.  and  care  should  be  tal 
other  oil  but  turbine  oil   i     admitted 
ine,  as  any  marine  engine  oil  or  cylii 
becoming  mixed  with  the  turbine  oil  v 
change  Us  character  thai   it   will  be  unsuitable 
for    turbine    use,    and    1 1 1 .- 1 \     caus(     trouble 
throughout  the  system      Gauges, 
alarms,    thermometers,    etc.,      hould 
stalled  so  that  th<  c  any 

time  the  amount  of  oil   in  his     n 
and  also  whether  the  pumps,    -trainers,  and 
filters  are  operating  efficiently  or  nol        I    u 
piping  should  be  installed  wit]    a      -  -    sharp 
bends  as  practical,  especial] \  on 
ing  from  the  gravity  tank  or  pressure  pump 
to   the   bearings   or  gears,      date   valve 
usually   preferred    to  globe      alvi  there 

is  less  loss  in  friction  when  the  oil  passes 
through  them.  In  cleaning  oiling  systems 
waste  should  not  be  used  as  the  fine  lint, 
which  it  is  impossible  to  prevent  adhering  to 
the  surface,  will  clog  the  strainers  and  cause 
considerable  trouble. 

Governors 

The  steam  supply  to  many  steam  turbine 
outfits  is  controlled  by  means  ol  oil  operated 
governors  and  valves.  The  oil  is  usually 
furnished  to  the  governors  at  a  considerably 
higher  pressure  than  should  be  used  in  the 
bearings  or  reduction  gears,  especially  the 
former.  Some  installations  take  care  of 
this  by  having  a  separate  oil  pump  for  the 
governor  gear.  Others  use  the  same  pump 
but  pass  the  oil  to  the  bearings  through 
reducing  valves.  On  account  of  the  small 
passages  incident  to  the  throttling  action, 
considerable  care  must  be  taken  to  keep  the 
viscosity  and  consistency  of  the  oil  for  the 
governors  at  a  constant  value.  It  is  evident, 
therefore,  that  the  temperature  of  the  oil  must 
not  vary  and  that  the  oil  must  be  free  from 
emulsions  and  sludge;  otherwise  the  govern- 
ing action  will  be  erratic.  This  again  empha- 
sizes the  importance  of  removing  all  sludge 
and  emulsions  from  the  lubricating  oil  in 
order  to  have  the  turbine  operate  efficiently. 

When  gears  are  used  it  is  advisable  L1 
practical,  to  have  them  lubricated  I 
separate  system  from  that  used  to  distribute 
oil  to  the  bearings,  as  the  gears  on  account 
of  their  high  tooth  pressure  require  a  much 
more  viscous  oil  than  do  the  bearings.  This, 
however,  is  not  the  general  practice,  and  most 
outfits  compromise  the  situation  by  using  the 
same  oil  on  the  gears  as  on  the  bearings. 
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perature   over    thai    which    would    normally 
exist  if  180"  oil  were  used      This  us  s  ol  : 
temperatures  in  bearings  with  high  visa 
oils  will  not  cause  exci     i  <  i    aporati 
or  decomposition,  for  if  properlj   refin<  1.  high 
viscosity  oils  do  not  evaporate  or 
as  rapidly  as  low  viscosity  oils  at    the  same 
temperature.     As  oil  pn 

pressures  and  general  such 

a  large   extent    it    is   impractical    to   mak< 
general    recommendatio  tem- 

perature is  most  suitable  for  bearings  when 
lubricated  from  the  same  lubricating  system 

as  gears  and  each  system  mu  t  1 

separately. 

In  marine  outfits  particular  attention 
should  be  given  to  the  separation  of  oil  from 
salt  water  as  well  as  fresh  water   and  as  high 

iwly  from  w; 
than  low  viscosity  oils,  a  slightly  higher  t'  m- 
perature  should  bi  e  sel  tling 

tank  in  order  to  ob  suits. 
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Electricity  in  the  Lumber  Industry 

ELECTRICAL  INSTALLATION  AT  THE  CARLISLE-PENNELL  LUMBER 
COMPANY,  ONALASKA,  WASH. 

By  J.  M.  Dodds 
i  ile  Office.  General  Electric  Company 

In  our  issue  of  July  we  published  an  article  by  E.  F.  Whitney  on  "Electrical  Applications  in  the  Logging 
Industry  of  the  Northwest,"  which,  together  with  our  present  contribution  should  be  of  value  to  all  those 
interested  in  the  lumber  industry,  and  especially  to  those  contemplating  electrification  with  the  hopes  of  reduc- 
ing operating  and  maintenance  costs. '  It  seems  that  the  time  has  arrived  when  the  logging  industry  must  adopt 
electrification  if  they  are  to  reduce  these  costs  to  within  a  reasonable  figure.  The  author  follows  a  log  through 
the  mill  step  by  step  and  tells  of  the  kind  of  machinery  used  for  some  of  the  more  important  applications. — 
Editor. 

Tin'  <t<  iry  of  the  development  of  the  lumber 
industry  in  the  great  Northwest,  of  the  sub- 
jection i  if  the  vast  forests  to  the  needs  of  man- 
kind, and  of  the  adaption  of  electricity,  man's 
most  potent  slave,  to  that  industry,  is  far  too 
extensive  to  cover  through  any  medium  but 
a  book.  The  competition,  incident  to  any 
predominating  industry,  together  with  the 
unusual  commercial  and  manufacturing  situa- 
tion that  has  prevailed  during  recent  times, 
has  required  that  manufacturers  seek  and 
adopt  the  most  advanced  and  effective  equip- 
ment available.  This  has  brought  about 
many  radical  changes  in  operating  practice. 
The  advent  of  the  eight-hour  day  has  aug- 
mented this  dem.and. 

Electrical  equipment  has  played  a  large 
part  in  speeding  up  production  and  cutting 
down  maintenance  and  operating  costs.  The 
analytical  study  given  to  the  necessary  power 
applications  has  developed  a  number  of 
special  motor  drive  schemes  not  previously 
used  which  have  all  tended  toward  elimina- 
tion of  waste  motion  and  power  and  the  con- 
sequent saving  of  repair  and  up-keep  costs. 

Xever  before  has  the  saw  mill  industry 
seen  so  many  and  such  large  changes,  from 
steam  to  electric  drive,  as  have  been  made 
during  1920.  Few  new  mills  were  constructed 
during  this  period,  so  that  the  large  volume 
of  mill  electrification  is  the  more  striking. 
It  has  meant  the  change  over  from  steam  to 
electric  drive  of  established  leading  mills, 
some  of  which  have  been  operated  by  steam 
power  for  over  fifteen  years,  while  others 
were  new  steam-driven  .mills  scarcely  three 
years  ago.  Today  this  three-year-old  steam- 
drive  equipment  has  been  considered  too 
costly  to  operate  and  has  been  removed  to 
make  way  for  complete  electric  drive. 

The  purpose  of  the  following  description  of 
typical  milling  operations  and  the  accompany- 


»See  Review.  July.  1921.  p.  631.  "Electr 
the  Logging  Industry  of  the  Northwest." 


ing  data  is  twofold:     To  give  the  electrical 

man  a  clear  view  of  modern  saw  mill  require- 
ments, and  to  give  the  lumberman  a  brief 
resume  of  the  electrical  possibilities  which 
the  leading  saw  mills  are  turning  to  their 
advantage. 

The  Onalaska  Mill  of  the  Carlisle-Pennell 
Lumber  Company,  shown  in  Fig.  1,  is  a  good 
example  of  one  of  the  large  modern  saw  mills 
which  has  been  remodeled.  Some  of  the 
steps  preceding  the  saw  mill  operation,  which 
come  under  the  field  of  logging  work,  are : 

Falling  the  standing  tree; 

Trimming  the  fallen  tree; 

"Bucking,"  i.e.,  sawing  the  tree  into  de- 
sired log  lengths,  usually  '-',2  to  4S  feet; 

"Varding,"  or  gathering  the  logs  from 
their  fallen  position  to  the  track  side  for 
loading  on  the  cars; 

Loading  upon  the  special  log  cars,  and 
hauling  to  mill  site  or  tide  water,  and 

Dumping  into  the  log  pond,  or  into  tide 
water,  in  the  case  of  water  transportation. 

These  operations  comprise  a  field  distinct 
from  the  saw  mill,  and  electric  motors  have 
been  successfully  applied  in  the  woods.* 

In  the  log  pond  the  logs  are  selected  as 
needed,  sawed  into  suitable  lengths  with  a 
specially  arranged  cross-cut  saw,  and  floated 
to  the  log  haul.  Here  they  are  hooked  by  the 
"dogs"  on  the  log  haul  chain  and  pulled 
slowly,  endwise,  up  and  over  the  arched 
incline  to  the  log  deck  of  the  mill.  Enroute 
they  are  given  a  generous  washing  by  many 
jets  of  water  under  pressure  which  removes 
sand  and  rocks  embedded  in  the  soft  bark. 
See  Fig.  2.  Both  the  log  haul  and  wash  are 
motor-operated,  the  former  driven  through 
a  friction  clutch;  the  latter  service  is  per- 
formed by  a  three-stage  centrifugal  pump. 

The  mill  plan  is  shown  in  Fig.  5.  Arrows 
indicate  the  progress  of  the  lumber  through 
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il]  m  finally  reaches  the  mail 

bles  or  the  timber  ducks,  which  ai 

mill  for  all  i  manu- 

_h  lumber. 
Arriving  at  the  log  deck  the  logs  are  scaled 
for  quantity  of  lumber  and  rolled  off  against 


30 


on  the  log  carriage.     The  rate  of  feeding  the 

•  the  saw  varies  from  150  to  100 

min.,   depending   upon   the  size  of  the  cut. 

The  saw  kerf  is  about  one  quarter  of  an  inch, 

kness  of  wood  is  removed  as 

sawdust.     During  the  latter  part  of  the  return 
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Plan  of  the  Sawing  Floor 


log  deck  stops,  awaiting  their  turn  to  pass 
through  the  head  saw  and  join  their  comrades 
on  their  way  through  the  mill. 

The  Head  Rig 

The  eleven-foot  band  head  saw  is  driven 
by  a  300-h.p.,  3-bearing  motor  with  enclosed 
dust-proof  collector  rings,  as  shown  in  Fig.  3. 
The  speed  of  this  saw  is  10,500  ft.  per  min. 
During  the  sawing  process  the  logs  are  carried 


movement  of  the  carriage  the  log  is  moved 
up  into  place  for  another  cut  by  the  Set 
Works,  which  is  belted  to  a  10-ri.p.  motor 
mounted  on  the  carriage.  The  latter  is 
supplied  with  power  from  a  three-wire  trolley 
suspended  over  the  carriage  track.  This 
makes  a  very  durable  and  economical  com- 
bination for  the  head  works.  Reliability  is 
paramount,  because  all  the  timber  passes 
through  the  head  saw.  and  its  disabilitv  shuts 
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down  the  entire  mill     A  g I  general  idea  of 

the  arrangement  of  these  un  >r  seen 

in  Fig.  4. 

It   is  not  unusual   [or  the  power  inpul    to 
the   head   saw   motor    to    reach    double    the 
rated   value.      Its   load    factor   is    low.      The 
following  data,  including  power  readinj 
representative  of  several  cuts  in  fir: 

Lengthofcut.fi  10  32  32     :i2  28       28 

Depth  of  cut,  in . .  36  24  24     28  ll        L6 

Time,  sec 15  12  10      13  '.' 

Kw.,  input 364  274  336  279  288     384 

Feed,  ft. per  min 160  178  192   147  L76 

Volume  wood  cut,  cu. 

ft.  per  min 10.0  6  66  8.0  7.2  I   30  6.20 

It  should  be  of  interest  to  refer  to  the 
accompanying  curst.-,  Fig.  li,  showing  the 
power  input  to  head  saw  or  edger  plotted 
against  the  rate  of  removing  wood. 
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Fig.  6.      Curves  Showing  Power  Input  to  Head  Saw 
and  Main  Edger 

Live  Rolls 

Live  rolls,  viz..  power-driven,  are  used 
throughout  the  mill.  They  offer  one  of  the 
most  useful  applications  of  the  electric  motor. 
A  very  successful  drive,  as  used  in  this  mill, 
consists  of  a  10-h.p.  motor  mounted  on  a 
back-gear  base.  The  sprocket  on  the  slow- 
speed  shaft  of  the  back-gear  is  chain-con- 
nected to  the  live  roll  section  drive  shafl 
This  gives  a  sem.i-rigid  direct  drive  which 
eliminates  a  great  deal  of  transmission  equip- 
ment, the  upkeep  of  which  is  usually  a  con- 
siderable item.  The  motor  and  back  gear 
are  best  mounted  just  beneath  the  mill  floor. 
A  master  starting  switch  is  mounted  on  the 
main  floor  convenient  to  the  operator  for  start  - 
ing  and  reversing  the  rolls.  This  switch 
controls  contactors  in  the  control  panel  box 
mounted    below.      The    motor    is    of    special 


catii  hi. 
Thi    - 
the  ii'  .,i  live  roll    and  i 

al  a  speed  of  approximately  120  El 
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The  Main  Edger 

The  main  edger,  shown  in  Fig,  7.  cuts  the 
from   the   head   saw   into   I 
widths.      From  one  to  six  cuts  ma 
in  the  canl  at 

is   directly   connected    to   a    300-h.p.,    1200- 
r.p.m.  inducl  ion  motor.     In  addil  ■ 
main  drive,  the  feed  mechanism  is  drivi 
a  mull  i-speed  indui  I  ion  motor  rated   I  2 
which  gives  a  canl  speed  of  from   L33  ' 
f1    per  min.     The  ease  with  which  the  i  < 
power  drives  this  machine  gives  no  indication 
of  the  unusual  loads  and  stre    i 
input  tu  the  main  drive  reaches  600  h 
times,  but  there  are  no  belts  to  slip  and  burn 
or  noticeable  lag  in  speed.     The  illustrati 
give  an  idea  i  'i  t  he  econom  i  if  the 

electric  drive. 

The  Trimmer 

Having  been  cut  to  width  and   thickni 
suitable  for  resawing  to  the  required  lumber 
size,  the  cant  is  now  ready  to  be  trimmed  to 
the  necessary  lengths.    This  is  done  1>\   : 
ing  side-wise  through  the  trimmer,  where  one 
or  more  of  2.">  circular  saws  are  dropped  di  m  n 
into  the  cutting  position.     The  lift  of  these 
saws  is  air-eontrolled.     These  t  runnier  saws 
are    driven    by    a    75-h.p.    induction    n 
direct  connected  to  the  saw  arbor  to  which 
the  saws  are  belted.     See  Fig,  8. 

Resaw  Room 

The  lumber  now  goes  to  the  resaw  room 
where  it  passes  back  and  forth,  through  one 
or  the  other  of  the  various  machines,  to  be 
ripped,  edged,  trimmed  and  graded  into  the 
final  board  ready  for  the  planer,  dry  kiln  or 
lumber  pile. 

The  diagram.   Fig.  5,  shows  the  mill   flooi 
plan,  with  arrows  showing  the  direi 
lumber  as   it    passes   through   the  mill.      Here 
it  will  be  seen  thai  it  leaves  the  mam  inl- 
and falls  on   the   first    section   oi    the   main 
sorting  chains,   which   are.   in   common  with 
the    others,    motor-driven.      The    cants    are 
removed    from    these   chains    at    the    pri 
tim.e  by  motor-driven  rolls,   which  are   I 
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undei   bhe  o  one  or  the 

See 

■  -lis  the 
the  pony 
pony  triii'!  the  resaw,  until 

they  are 

g  chains  and  thence  to  the  read} 
i  >r  the  main  si  irting  ch<  i  Iriven 

green  lumber  - 

Dry  Kilns,  Planing  Mill 

Leavi  on  the  main 

rrive  in   the 
sorting  shed,  whi  i    piled  on  trucks, 

ind  some  for  the 
dry  kilns.     The  trucks   arc   pulled   to   their 

for  the  kiln  arc  take:  tacker  shed, 

when.  edge  on  .the 

kiln  cars  1>\  en  -lacker. 

.After  dryi  ars  leave  the  kiln  and 

are  unstacked  by  a  motor-driven  machine 
and  are  sorted  and  graded  for  the  planing 
mill.  The  bundles  are  then  picked  up  by  a 
crane  and   conveyed   to  the   proper  planing 

ines,  which  are.  of  course,  also  m 
driven,  as  shown  in  Fig.   11.     Here  again  the 
boards  pass  through  a  motor-driven  trimmer, 
illustrated  m  Fig.  12,  are  graded,  and  finally 
packed  for  shipment. 

Conveyors,  Fuel  Hogs,  Slashers 

Throughout  the  mill,  refuse  material  is 
handled  by  chain  or  belt  conveyors,  each 
driven  by  an  individual  motor.  Edgings  and 
useless  slabs  are  passed  side-wise  on  chains 
past  a  battery  of  saws  direct-connected  to 
i  me  motor,  the  slasher,  seen  in  Fig.  13,  and  are 
cut  into  4-ft.  lengths  for  the  burner  con- 
veyor, which  takes  them  to  the  large  refuse 
burner.  From,  this  main  refuse  conveyor, 
before  it  reaches  the  burner,  is  taken  such 
of  the  slabs  as  are  desired  for  stove  or  cord 
wood,  or  for  further  manufacture  into  lath, 
stakes  or  other  small  special  articles.  At 
convenient  places  along  the  refuse  conveyors, 
as  shown  in  Fig.  14.  are  installed,  direct- 
connected  to  motors.  These  receive  refuse 
from  the  trimmers  and  edgers  and  cut  it  into 
coarse  wood  chips,  known  as  "hogged  fuel." 
This  is  thi  ource  of  fuel  for  the  mill's  boiler 
plant. 

The    Shingle    Mill 

The  cedar  which  is  found  growing  with  the 
fir,  am!  I  with  it,  is  segregated  a1  the 

pond  and  is  mill,  which 


is  also  electric-driven  throughout.     Tl  ■ 

up  an  incline  similar  to  that  of 
v  mill  and  are  cu1  into  blocks  of  shingle 
length  l>y  a  large  swinging  circulai 
connected  to  a  motor.     The  shingle  bolts  are 

driven  auto- 
matic shin  es.  A  motor-driven 
circular  saw  is  arrangi 

'.  hich  are  :  '■ 

and  dry  kilns. 

The  Engine  Room 

urbine 
if  1500-kw.  i 

of  750-kw.  capacity,   is  the  source  of  - 

for   the   entire  mill   and  town.      The 
Figs.   15,    ' 

17.  show    the    engine    room    arrangements. 
Fire  protection  of  the  very  highest  ord  i 
vails  in  this  mill. 

On  account  of  the  high  steam  economy  of 
the  turbines  and  power  efficiency  of  the  elec- 
trical machinery,  the  1400  boiler  horse  power 
led  is  adequate  for  the  mill,  dry  kilns 
and  other  steam,  uses,  and  leaves  spare  ca- 
pacity not  required  for  continuous  use. 

In  the  engine  room  are  motor  and  steam- 
driven  air  compressors,  as  illustrated  in  Fig. 

18,  for  operating  various  lift  cylinders  about 
the  mill.  The  switchboard  dispatches  power 
to  the  head  saw,  edger,  shingle  mill,  planing 
mill  and  three  different  power  distributing 
panels  located  at  centers  of  distribution. 
See  Fig.  17. 

RECAPITULATION 

It  is  of  interest  to  study  for  a  moment  the 
saw  mill  operator's  viewpoint  on  electric 
drive.  With  the  line  shaft  drive  scheme  he  is 
accustomed  to  push  his  machine  to  a  capacity 
that  will  not  quite  slip  the  belts,  or  to  a  point 
where  the  speed  will  "lag"  if  pushed  further. 
With  motor  drive  there  is  no  appreciable 
drop  in  speed  until  the  load  reaches  21 10  to 
300  per  cent  of  normal,  and  when  the  overload 
protection  operates  he  feels  that  something 
is  wrong  with  the  equipment.  The  designer 
has  two  limits  between  which  to  choose  a 
medium,  one  of  putting  sufficient  capacity 
into  the  motor  to  drive  the  machine  under 
any  condition  of  load,  even  to  destruction 
of  the  sawing  equipment,  and  the  other  of 
selecting  a  motor  capable  of  doing  a  limited 
and  predetermined  amount  of  work.  In  t he- 
first  case  the  safety  of  the  machine  or  saw  is 
risked,  and  in  the  second  that  of  the  motor. 

The  duty  of  nearly  all  saw  mill  machines 
is  an  extremely  variable  quantity.     Each  is 
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called 

each  must  handle  the  material  as  it  comes 

through  the  mill  without  a  slow-up  in  pro- 

al  policy  is  therefi  i 
choose  mot 

that  the   maximum   duty   will   cause   it   no 
distress.      'Phis   practice   means   that   a 
machines  operati  I  or,  but 

this  disadvantage  is  more  than  compensated 
for  by  maintained  production  during  pi 
of  maximum  duty. 

The  curves  in  Fig.  6  show  the  variation 
of  power  input  with  the  rate  of  sawing,  for 
the  edger  and  head  saw.  These  are  plotted 
from  data  taken  during  tests  on  the  respi 
machines.  These  curves  represent  a  mean 
of    mai  urements.       The    individual 

tests  follow  the  curves  in  a  general  way, 
scattering  on  one  side  or  the  other,  in  some 
cases  a  relatively  long  distance  from  the 
curve. 

The  power  input  to  the  head  saw-  increases 
much  more  rapidly  than  that  to  the  edger, 
mainly  because  the  increase  in  cubic  feet  cut 
w-ith  the  edger  is  obtained  by  using  additional 
saws,  while  with  the  head  saw-  it  is  obtained 
by  loading  the  teeth  more,  and  perhaps 
filling  up  the  saw.  With  a  wide  cut  the  saw 
teeth  are  in  the  cut  a  greater  length  of  time. 
The  saw  teeth,  how-ever,  have  a  fixed  dust- 
carrying  capacity  and  this  must  not  be  ex- 
ceeded, so  the  rate  of  feed  must  be  less  for  a 
wide  cut  than  for  a  narrow  one.  In  these 
curves  the  rate  of  cutting  is  expressed  in  cubic 
feet  of  w-ood  removed  per  minute,  and  not  of 
sawdust. 

The  sawyers  who  have  formerly  believed  that 
electric  power  was  all  right  for  a  steady  load 
but  unsuited  for  variable  duty,  are  always 
agreeably  surprised  to  see  the  sturdy  motor 
"hang  on"  to  the  load  as  the  saws  bite  into 
a  heavy  cant  and  to  see  that  the  speed  does  not 
drop  as  it  "used  to  do"  when  steam  engine 
and  belt  drive  were  used.  From  then  on  they 
are  good  friends  of  the  electric  drive. 

Power  requirements  of  saw  mills  van- 
according  to  the  particular  product  pro- 
duced. Some  specialize  quite  largely  in 
timbers  and  heavy  lumber,  sacrificing  some 
quality  for  quantity  of  production,  while 
others  carry  the  manufacturing  process  further 
and  attempt  to  rescue  the  last  foot  of  "clear." 

The  output  of  former  type  mill  will  be 
larger  than  that  of  the  latter  type  and  also  the 


energy  requirements  for  each  unit  of  output 
will  be  less  in  the  former  type  than  in  the 
The  mill  under  consideration  is  an 
inland  mill,  so  that  all  shipments  are  by  rail. 
Its  power  requirements  are  as  foil' 

i  rage  power  for  saw  mill  is  1130  kw.,  or 
41.8  watt-hours  from  log  to  sorting  table  per 
board  foot  of  timber  cut.  This  does  not 
include  shingle  mill,  planing  mill  or  gang  saw. 
To  include  the  gang  saw  this  figure  should 
be  raised  to  approximately  is  watt-hours 
per  board  foot.  For  the  planing  mill  with  a 
capacity  of  12,500  board  feet  per  hour  and 
average  load  of  317  kw.,  w-e  find  a  power  in- 
25.4  watt-hours  per  board  foot.  The 
shingle  mill,  with  a  capacity  of  2.3,000  shingles 
per  hour,  and  average  load  of  183  kw.,  gives 
0.0073  kw.  per  shingle  per  hour,  or  the  work 
per  good  shingle  is  7.3  watt-hours. 

Following  are  the  ratios  of  average  to  con- 
nected load: 

For  the  mill,  exclusive  of  shingle  and  plan- 
ing mills,  w-e  find  an  average  load  of  1130 
kw.  and  connected  load  of  1878  kw..  giving  a 
ratio  of  60  per  cent.  The  shingle  mill  gives  a 
ratio  of  88.5  per  cent,  with  average  load  of 
1S3  kw.  and  connected  load  of  2ii7  kw.,  and 
the  planing  mill  a  ratio  of  07. 5  per  cent, 
having  a  connected  load  of  470  kw.  and 
an  average  of  317  kw. 

The  following  is  a  table  of  motors  installed 
in  this  plant: 

NUMBER  OF  MOTORS  INSTALLED 


Horse 
Power  of 

Motor 

Saw 
Mill 

Shingle 
Mil] 

Planing 

Mill 

Total 

Total 
Horse 
Power 

2 

1 

0 

2 

3 

6 

3 

9 

6 

0 

15 

45 

5 

6 

1 

5 

12 

60 

■JVi 

13 

0 

7 

20 

150 

10 

25 

3 

0 

28 

280 

15 

4 

1 

2 

7 

105 

20 

5 

6 

3 

14 

280 

25 

6 

0 

1 

7 

175 

30 

3 

0 

0 

3 

90 

35 

1 

1 

2 

4 

140 

40 

1 

0 

0 

1 

40  : 

50 

5 

1 

3 

9 

450 

75 

6 

0 

0 

6 

450 

100 

2 

0 

0 

2 

200 : 

150 

1 

0 

0 

1 

150  j 

200 

0 

0 

1 

1 

200  i 

300 

2 

0 

0 

2 

600 

Totals 

90 

19 

26 

135 

3421 
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Automatic,  Polyphase,  Brush-shifting  Motor-driven 

Draft  Fan  Installation  at  Springdale  Station 

West  Penn  Power  Company 

By  R.  A.  Jones 
Power  and  Mining  Engineering  Department,  General  Ele<  ran   Company 


having  all  three  characteristics  should  be  employed.     The  polyphase  brush  shifting  commutator  motor  was 
selected  for  the  draft  fan  installation  described  in  this  article,  and  although  the  control  is  much   more  com- 
plicated than  usual  for  this  type  of  motor,  including  overload  and  under-voltage  protection   push  button 
stations  for  starting  and  stopping,  automatic  speed  control  from  pressure  regulator,  speed  control  fro. 
push  button  stations,  and  a  change  in  the  stator  windings  from  delta  to   V,  ,  mt  has  fund 

perfectly  and  in  addition  to  maintaining  steady  boiler  pressure  it  has  effected  an  appreciable  saving  in  cost 
of  operation. — Editor 


The  forced-draft  fan  equipment  recently 
put  into  operation  at  the  Springdale  Station* 
of  the  West  Penn  Power  Company  is  of 
special  interest  at  this  time,  as  it  includes 
a  comparatively  new  type  of  polyphase, 
alternating-current,  varying-speed,  brush- 
shifting  motor  that  eliminates  the  objection- 
able poor  efficiency  and  limited  number  of 
speed  points  inherent  with  slip-ring  induction 
motors  and  provides  a  satisfactory'  and 
easily  controlled  alternating-current  fan  drive 
which  can  be  advantageously  applied  in  large 
generating  stations.  Motors  of  this  type  were 
developed  by  the  General  Electric  Company 
approximately  eight  years  ago  and  their  suc- 
cess has  been  thoroughly  demonstrated  for 
textile  mill,  pump,  mine  fan,  and  general 
ventilating  fan  service,  a  considerable  number 
of  units  having  been  in  operation  for  seven  or 
eight  years. 

The  equipment  described  in  this  article  is, 
however,  the  first  application  of  this  type  of 
motor  with  full  automatic  control  to  power 
station  auxiliaries.  In  general,  the  duty  im- 
posed does  not  differ  materially  from  that  of 
other  fan  applications,  except  for  the  con- 
tinuously varying  speed  operation  with  auto- 
matic control. 

The  actual  duty  of  the  equipment  and  its 
relation  to  the  operation  of  the  entire  station 
may  be  briefly  explained  as  follows : 

The  total  station  capacity  of  50,000  kv-a. 
is  supplied  by  two  25,000-kv-a.,  3-phase,  60- 
cycle,  12,000-volt  turbine-generator  units, 
each  of  which  feeds  into  a  separate  bank  of 
transformers  that  step  up  the  transmission 
voltage  to  66,000.  The  steam  for  the  turbine 
units  is  supplied  by  four  boilers  with  auto- 
matically controlled  induced  and  forced- 
draft  fans. 

There  are  two  stoker  motors  per  boiler, 
each  automatically  controlled  from  pressure 


regulators  or  manually  controlled  from  push- 
button stations. 

The  induced-draft  fan  equipment  for  each 
boiler  consists  of  two  centrifugal  fans  coupled 
together  and  driven  from  one  end  through  a 
flexible  coupling  by  a  175-h.p.,  514-r.p.m., 
2200-volt,  3-phase,  60-cycle  slip-ring  induc- 
tion motor  and  from  the  other  end  through 
a  magnetic  clutch  by  a  400-h.p.,  720-r.p.m. 
slip-ring  motor.  Secondary  resistance  is 
provided  to  give  a  speed  range  from  full-load 
speed  to  450  r.p.m.  with  the  400-h.p.  motor, 
and  from  the  latter  speed  to  255  r.p.m.  with 
the  175-h.p.  motor.  The  control,  like  that  of 
the  stoker  motors,  is  arranged  for  push-button 
or  pressure  regulator  operation  and  in  both 
cases  the  regulators  are  to  be  operated  by 
steam  pressure. 

By  dividing  the  induced-draft  fans  into 
two  units,  it  was  possible  to  use  smaller  and 
higher  speed  equipment  and  materially  reduce 
the  cost  of  both  the  motors  and  fans  in 
addition  to  saving  considerable  floor  space. 
This  arrangement  suggested  the  desirability 
of  using  two  motors,  one  on  each  end,  so  as  to 
provide  protection  against  complete  shut- 
down. If  one  fan  should  fail,  the  coupling 
between  the  two  could  be  disconnected  and 
the  other  unit  kept  in  operation.  In  case  of  a 
breakdown  of  the  175-h.p.  motor,  it  would  be 
necessary  to  open  the  flexible  coupling  and 
drive  both  fans  with  the  400-h.p.  motor. 
Ordinarily  both  fans  will  be  driven  by  the 
175-h.p.  motor  as  this  has  sufficient  capacity  to 
operate  the  boilers  at  31 10  to  350  per  cent  rating. 

The  use  of  two  motors  in  this  way  decreased 
the  speed  range  required  of  each,  and  also 
made  possible  the  selection  of  motors  having 
speeds  such  that  the  normal  operating  point 
was  near  the  full-load  speed  of  the  smaller 
motor.  This  arrangement  greatly  increased 
the  operating  efficiency,  since  it  eliminated 
extensive  reduced  speed  operation.     In  addi- 
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the    limited    number 
with  slip-rii  not  as  objec- 

ble  to  induced-draft  operation  as  it  was 
and  therefore  it  was  di 
not    to  >rush-shifting   motor   for   the 

ment. 

boiler 
trifugal    fan    having    a 


Fig.  1.     150-h.p.,  720-r.p.m..  2200-volt,  Varying-speed  Brush  Shifting  Motor  \ 
matic  Brush  Shifting  Mechanism  Direct-connected  to  Forced  Draft  Fan 
panel    mounts  the  pilot   motor,   contactors  and   brush  shifting  mot 
overload   relays.      One   push   button   station   and   control   cir- 
cuit  transfer  switch  is  mounted  on  the   wall 


capacity  of  94,000  cu.  ft.  per  minute  at 
i  ches  water  gauge  pressure,  65  deg.  F., 
77o  r.p.m.  and  driven  by  a  LO-pole,  loO-h.p., 
720-r.p.m.,  2200-volt,  3-phase,  60-cycle,  alter- 
nating-current, variable-speed,  brush-shifting 
motor  with  push  button  and  pressure  regulator 
control.  The  pressure  regulator  is  actuated 
by  the  variations  in  the  draft  over  the   fire. 

As  a  protective  feature,  all  the  fan  control 
is  so  interlocked  that  the  forced-draft  fans 
cannot  start  or  continue  to  run  unless  the 
induced-draft  fan  is  in  operation.  This  is  to 
prevent  the  possibility  of  an  accumulation  of 
combustible  gases  over  the  top  of  the  fire, 
which  condition  might  result  in  an  explosion. 

An  idea  of  the  mechanical  arrangement 
of  the  forced-draft  fan  equipment  can  be 
obtained  from  Fig.  1 .  All  the  units  are 
located  below  the  boiler  room  floor  and  have 
their  suction  inlets  arranged  to  utilize  the 
warm  air  discharged  from  the  turbine- 
generators  so  as  to  return  the  generator  heat 


losses  to  the  boilers.  The  discharge  ends  of  each 
fans  empty  into  a  common  flume,  ex- 
full  length  of  each  row  of  boilers. 
With  this  arrangement,  failure  of  any  fan 
unit  will  not  shut  down  its  corresponding 
boiler  since  dampers,  which  normally  isolate 
each  boiler,  may  be  opened  and  one  fan  be 
forced  to  supply  two  units. 

power  supply  for  all  of 
the    fan     equipments    is    ob- 
fn  'in   the  station  aux- 
iliary  bus  which  is  arranged 
to   receive    power    from    the 
house  turbine  or  from  either 
of  two  banks  of  main  power 
mors. 
The  motor  characti  r 
and  control    features    of    the 
forced-draft     fan    equipment 
are    fairly    complicated    and 
warrant     the     following    de- 
tailed description: 

As  previously  stated,  the 
motors  are  alternating-cur- 
rent, varying-speed,  brush- 
shifting  machines,  and  are 
rated  150  h. p.  at  the  synchro- 
nous speed  of  720  r.p.m 
However,  the  motors  are  also 
capable  of  operating  above 
synchronous  speed  and  have 
sufficient  capacity  to  drive  the 
fans  at  865  r.p.m.  intermit- 
tently and  825  r.p.m.  contin- 
uously. The  lowest  operat- 
ing speed  required  is  355 
r.p.m.,  resulting  in  a  total  speed  range  of  2.45 
to  1.  The  maximum  limit  of  865  r.p.m.  cor- 
responds to  the  full-load  speed  of  900-r.p.m. 
slip-ring  induction  motors,  and  therefore 
permits  the  direct  comparison  given  lat  ;r. 

A  general  idea  of  the  theory  of  operation 
of  the  motor  may  be  had  by  comparing  it 
with  a  direct-current,  series-wound  motor. 
Referring  to  Fig.  2.  we  have  a  stator  and 
rotor  built  up  of  punchings  and  provided 
with  coils,  connected  in  series,  through  which 
current  flows,  derived  from  a  direct-current 
source.  The  magnetomotive  forces,  due  to  the 
stator  and  rotor  coils,  directly  oppose  each 
other.  If  we  assume  that  the  coil  on  the 
rotor  has  more  turns  than  the  coil  on  the 
stator,  we  may  picture  by  vectors,  as  shown, 
the  direction  and  value  of  the  resultant 
magnetomotive  force,  M.M.F.F.,  which  ex- 
cites the  resultant  field  flux  F.  The  direction, 
of  this  field  flux  is  such  that  the  pull  exerted 
on  each  side  of  the  rotor  coil,  due  to  repulsion 
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between    the    current    in    the    coil     and 
magnetic  field,   is  along    the  same  line  and 
directly  opposite  as  illustrated  by  the  ai 
a  and  b.   This  does  not  give  rise  to  any  o 

In  Fig.  3,  we  ha\  e  the  rotor  in  a  dm 
position,    turned    through     angle      A 
resultant   flux    /•',    shown    li\    the   arrow,    has 
changed  its  direction  and  the  pull  a  and 
both   sides   of   the   rotor   coil    has   the   com- 
ponents c  and  d  which  exert  a  torque 
tends  to  turn  the  rotor  clockwise. 

It  is  evident  that  the  useful  flux  for  pro- 
ducing torque  lies  along  the  plane  of  the  rotor 
coil.  Therefore,  the  resultant  (lux  F  may  be 
resolved  into  components  in  the  same  u 
a  and  b.  The  component  of  F  which  is  useful 
in  producing  torque,  expressed  in  terms  ol  the 
stator  flux,  as  shown  by  Fig.  3,  equals  the 
stator  flux  M.M.F.S.  times  the  sine  A.  There- 
fore, when  angle  .4  equals  zero  the  torque 
producing  flux  is  also  zero,  as  shown  above. 
When  .4  equals  90  deg.  the  torque  is  maxi- 
mum since  the  sine  of  90  deg.  is  unity,  and  at 
180  deg.  the  torque  is  again  zero,  which  shows 
that  shifting  the  rotor  axis  varies  the  torque. 

Now,  if  we  provide  the  motor  with  a 
commutator  and  brushes  and  allow  it  to 
rotate,  holding  the  brushes  in  position, 
thereby  fixing  the  rotor  axis,  the  same  theory 
still  applies  and  we  have  a  direct-current 
series  motor.  If  alternating  current  is  applied, 
there  will  still  be  torque  in  the  same  direction 
because  both  the  field  flux  and  rotor  currents 
are  reversed  simultaneously.  We  can  also 
substitute  a  smooth  core  stator  for  the 
salient  poles  used  in  most  direct-current 
machines  without  affecting  our  reasoning. 


hM.M.£S.\ 
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entary  Diagram  with  Rotor  Axis  in  Live 
Neutral  Position 

Again  referring  to  Fig.  3,  it  is  also  evident 
that  a  change  in  the  rotor  axis,  resulting  from 
shifting  the  brushes,  will  cause  a  change  in 
speed.  When  angle  .4  equals  zero  there  is  no 
torque  and  therefore  no  -prod  If  .4  is 
increased  a  small  amount,  the  rotor  and 
stator    flux    nearly    buck    each    other;    the 


'ux    /•'    is 

thai  will  ba 
As  A    ini 


Fig.  3.     Elementary  Diagram  with  Rotor  Axis  Shifted 
Through  Angle  A 

when  .4  e  [uals  180  deg     the  torqui 
ero 
It  is  to  be  noted  that.  wh< 
and    the   stator  and    rotor   flux   op 

the  motor  has  a  low  impedance     If  full 


/PoCor 

Tron  sform  er 


Fig.   4.      Diagra 


m  of  Connections  for  3-phase  Mote 
with  3-phase  Rotor 


voltage  were  applied,  a  large  current  would 
flow.  Also,  when  the  axis  of  the  rotor  is 
shifted  m  either  direction  a  torque  is  produa  d 
in  the  same  direction.  This  is.  then 
called  the  live  neutral.  When  .4  equals 
180  deg.  the  stator  and  rotor  flux  combine, 
resulting  in  a  high  impedance,  and  any  shift- 
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.is  produces  a  torque  ii 
direction  opposite  to  the  shift.    This  is  called 
1 1  ral . 
far  we  have  considered  a  single-phase, 
alterna  ries   motor 

■  hy  shifting  the  rotor  axis  changes  the 

!  and  torque.     The  polyphase  motor  is 

merely  a  combination  of  single-phase  machines 


Fig.  5.    Armature  of  150-h.p.,  720-r.p.m.,  2200-volt  Vary- 
ing-speed  Brush-shifting  Motor 

and  operates  in  the  same  way  except  for 
additional  advantages  which  inherently  im- 
prove the  commutation  and  power-factor. 

In  actual  construction  the  motor  consists 
of  a  stationary  member  or  stator,  a 
rotating  member  or  rotor,  and  a  transformer 
connecting  the  rotor  in  series  with  the  stator, 
as  illustrated  by  the  elementary  diagram  of 
connections  in  Fig.  4. 

The  stator  has  a  distributed  wind- 
ing and  is  similar  to  the  ordinary 
induction  motor.  Frequently  the 
stator  of  an  induction  motor  of  the 
same  number  of  poles,  horse  power, 
voltage,  and  frequency  can  be  used 
without  change. 

1  he  rotor.  Fig.  5.  is  in  appearance 
and  design  essentially  like  that  of  a 
direct -current  motor  or  generator, 
except  that  for  the  brush-shifting 
motor  the  armature  voltage  is  con- 
v  lower,  being  approximated 
80  to  90  volts. 

The  rotor  transformer  is  simply  a 
series  transformer  with  the  primary  in 
series  with  the  stator  of  the  motor 
and  the  secondary  connected  to  the 
rotor  through  the  brushes  and  com- 
mutator. This  transformer  not  only 
supplies  a  lower  commutator  voltage,  but  also, 
by  its  ability  to  become  saturated,  limits  the 
no-load  speed  of  the  motor  to  a  safe  value. 
This  limit  is  approximately  150  per  cent  speed. 

A  general  understanding  of  the  action  of 
the  transformer  saturation  in  limiting  the 
maximum  speed  can  be  obtained  by  thinking 
of  the  motor  rotor  as  the  rotor  of  a  slip  ring 


induction  motor.  As  the  speed  varies  from 
synchronism,  the  voltage  across  the  rings  in- 
creases. This  increases  the  counter  electro- 
motive force  opposing  the  secondary  voltage 
of  the  rotor  transformer.  Therefore,  unless 
the  transformer  secondary  voltage  increases, 
the  current  and  torque  reduce  with  a  corre- 
sponding decrease  in  spe  id.  Since  the  maxi- 
mum transformer  secondary  voltage  is  limited 
by  the  transformer  saturation,  the  speed  is 
therefore  limited. 

The  control  actually  required  for  operating 
this  type  of  motor  is  extremely  simple, 
consisting  merely  of  a  switch  for  connecting 
the  motor  stator  to  the  line  and  some 
mechanical  means  of  shifting  the  brushes, 
the  starting  current  and  starting  torque  being 
determined  by  the  position  of  the  brushes. 

For  the  Springdale  installation  the  control 
is  more  complicated  since  it  provides  overload 
and  under-voltage  protection  with  push- 
button start  and  stop  in  addition  to  automatic 
speed  control  from  a  pressure  regulator,  and 
from  two  push-button  stations.  Another 
feature  that  further  complicates  the  control 
is  the  changing  of  the  motor  stator  con- 
nections from  delta  to  Y,  and  automatically 
shifting  the  brushes  to  compensate  for  the 
accompanying  change  in  speed. 


Fig. 


Oil  Immersed  Line 
for  150-h.p.,  720-r 


Y-delta  Contactors  and  Rotor  Transformer 
.,  2200-volt  Brush-shifting  Motor 


Since  the  torque  required  to  drive  a  fan 
decreases  rapidly  with  the  speed,  the  motor 
is  not  fully  loaded  at  reduced  speeds  and  can, 
therefore,  be  operated  with  a  lower  line 
voltage.  Changing  the  motor  connections 
from  delta  to  Y  is  equivalent  to  reducing  the 
voltage  and  results  in  improving  both  the 
efficiency  and  power-factor  at  the  low  speeds. 
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This  change  in  voltage  naturally  changes  the 

speed  for  the  same  brush  setting. 

The   actual   control   equipment   necessary 

to  provide    these    features    consists    of    the 

following : 

Primary  control  (Fig.  6)  consisting  of 
oil  immersed  line  and  delta-Y  contactor 
panels,  with  necessary  interlocks.  The 
rotor  transformer  is  also  shown  at  the 
left. 

Secondary  control  (Fig.  1).  More  de- 
tailed views  (Figs.  7,  S,  and  9)  show  the 
brush-shifting  pilot  motor,  gear  train. 
and  drum  control  switches,  arranged  for 
pressure  regulator  control  through   the 


shaft  and  rotates  independently  of  the  rope 

wheel.   The  control  circuit  for  the  pilot  motor 

is  carried   by   tw< 

end  of  the  larger  drum,  which   I 

contact  segmenl    on  mall  cylinders 

.1,  Fig.  8.     The  other  five  contai  I 

and     lingers    provide  i         limit 

switches.     delta-Y     contactor    control,     and 

automatic  shifting  of  the  brushes  to  con 

sate  for  the  chang  to  a 

delta-Y  change  in  the  motor  windings. 

With  both  control  circuil  transfer  -■'•.itches 
thrown  to  the  "up"  position,  the  speed 
control  is  entirely  automatic.  Any  variation 
in  the  draft  suction  over  the  lire,  caused  by 


nd  8.      Two  Views  of  Pilot  Motor  Gear  Train,  Rope  Wheel,  and  Drum  Control  Switches  for  Automatically  Controlling 
a  150-h.p.,  2200-volt  Brush-shifting  Motor  from  Push  Buttons  or  Pressure  Regulator.     Cover  Removed. 


rope  wheel  or  for  push-button  control. 
The  panel  shown  at  the  rear  of  Fig.   1 
mounts   the  brush-shifting  motor  over- 
load relays  and  the  forward  and  reverse 
contactors  for  the  pilot  motor.     One  of 
the  push-button  stations  with  the  neces- 
sary  control    circuit    transfer  switch   is 
shown     on    the    wall    at    the    extreme 
left. 
Referring  again  to  Figs.  7,  8,  and  9,  it  will 
be  noted  that  the  pilot  motor  is  geared  to  the 
brush  rack  and  to  the  large  drum   switch   as 
shown  by  Fig.  8.     This  drum  is  on  a  hollow 


the  operation  of  the  induced-draft  fans  or 
change  in  thickness  of  the  fire,  will  cause  the 
pressure  regulator  to  turn  the  rope  wheel  and 
adjust  the  brush-shifting  motor  speed  so  as 
to  compensate  for  this  change  in  draft. 
The  control  arrangement  with  the  drum 
switches,  as  described,  provides  a  "follow 
system  which  causes  the  speed  of  the  motor 
to  follow  the  movement  of  the  pr< 
regulator.  To  illustrate,  assume  the  motor 
to  be  running  at  any  speed.  A  change  in 
draft  conditions  causes  the  regulator  to 
adjust  the  rope  wheel  position  and  one  of  the 
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segments  on  the  small  cylinders  .1,  Fig.  8, 
comes  in  contact  with  the  finger  /;  carried  by 
tin-  large  drum.  This  starts  the  pilot  motor, 
which  CO  to  run.  shifting  the  brushes 

on  the  commutator  and  revolving  the  large 
drum  switch  until  the  fingers  no  longer  make 


•M 


Another  View  of  Control  Equipment  for 
150-h.p.,  Brush-shifting  Motor 


motor  from  the  two  push-button  stations  at 
the  same  time,  no  harm  will  result.  The 
operation  of  the  push-button  control  is 
similar  to  that  of  the  full  automatic,  except 
that  it  is  independent  of  the  rope  sheave  and 
does  not  automatically  compensate  the  speed 
for  the  delta-Y  change.  As  long  as  a  fast  or 
slow  button  is  held  in,  the  motor  continues 
to  change  in  speed  between  the  limits  pre- 
determined by  the  limit  switches. 

For  service  of  this  kind,  where  infinite  speed 
adjustment  and  high  efficiency  and  power- 
factor  are  desirable,  the  brush-shifting  motor 
is  decidedly  advantageous.  The  curves  in 
Fig.  1 1  give  actual  test  values,  comparing  the 
efficiency  and  power-factor  of  the  L50-b  p 
720-r.p.m.  brush-shifting  motor  and  a  900- 
r.p.m.  slip-ring  motor  of  the  same  size  under 
actual  fan  load.  The  curves  include  speeds 
up  to  825  r.p.m..  which  is  the  normal  operat- 
ing range  over  which  the  performance  of  the 
two  motors  should  be  compared.  The  break 
in  the  curves  is  due  to  the  delta-Y  change. 

The  benefit  of  this  higher  efficiency  and 
power-factor  is  more  clearly  shown  by  the 
curves  in  Fig.  12,  which  give  the  comparative 
kilowatt  and  kilovolt-ampere  input  for  the 
brush-shifting  and  the  slip-ring  motors  when 
driving  the  fan  at  different  speeds.  It  is 
evident    from   these   curves    thai    the   actual 


Fig.   10.     Boiler  Room  Group  Center  Control  of  Auxiliaries  for  Two  Boilers 


contact  with  the  segments  and  the  pilot 
motor  circuit  is  opened.  A  change  in  the 
draft  in  the  opposite  direction  will  repeat 
this  cycle,  except  that  the  other  finger  and  its 
corresponding  segment  make  contact,  the 
pilot  motor  reversing  in  direction  therein- 

For  push-button  control,  from  either  of  two 
stations,  it  is  necessary  to  throw  one  of  the 
transfer  switches  to  the  "down"  position. 
If  both  transfer  switches  are  thrown  down, 
or  if  two  operators  attempt   to  control  the 


saving  in  horse-power  consumption  is  de- 
pendent upon  the  operating  speed  cycle.  To 
illustrate  the  possibilities  we  have  estimated 
that  the  motors  will  operate  on  a  speed 
cycle  as  follows : 

.5  per  cent  of  the  time  at  82.5  r.p.m. 
.I")  per  cent  of  the  time  at  570  r.p.m. 
3.5  per  cent  of  the  time  at  440  r.p.m. 
1-5  per  cent  of  the  time  at  380  r.p.m. 
in  per  cent  of  the  time  at  shut  down. 
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On  this  basis  the  total  saving  for  each  of 
these  installations  in  kilowatt-houi 
for  365  24-hour  days  can  be  obtained  from 
the  curve  titled  "kilowatt-hours  saving  with 
brush-shifting  motor,"  Fig.  L2.     Applying  the 


Exp. 
operating  mine  fans   ii 

of  brushes  is  from    LO  to    L2  month      while 
commutators  require 
three   years.      Tl>  such 
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Comparative  Efficiency  and  Power-facto 
is  of  150-h.p.,  720-r.p.m.,  and  150-h.p.,  900-r.p.m. 
Slip  Ring  Motor  Under  Actual  Fan  Load 


cycle  to  this  curve  shows  a  saving  in  input 
per  year  of  147,000  kw-hr.  Evaluating  this 
at  one  cent  per  kilowatt-hour  provides  $1470 
to  cover  the  additional  maintenance  and  in- 
vestment charges  of  the  brush-shifting  equip- 
ment. 
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mparative  Kw.  and  Kv-a.  Input  for  150-h.p., 
and  150-h.p.,  900-r.p.m.     Slip  Ring  Motor 
Under  Actual  Fan  Load 


motor,  for  instance,  lias  Keen  stoned  twice  in 
five  years  of  practically  continuous  opera 

The    increased    yearly    maintenance    costs 
inherent  in  this  design  over  slip-ring  motors 
can  therefore  be  fairly  accuratel} 
as  follows : 

1  ':i  sets  of  brushes S160.00 

1  ■_>  .  i  >st  i  if  si '  ming  commutato  10  00 

Total S170.00 


This  maintenance  charge  deducted 
from  the  evaluation  of  current 
leaves  .$1300  which,  capitalized  at  15 
±  per  cent  for  interest,  deprecia 
,■£  taxes,  etc.,  would  justify  an  addi* 
,°  tional  expenditure  of  $8600  for  this 
,5   application. 

j  The  capability  of  delicate  speed  ad- 

5  justment  and  elimination  of  bulky 
j  secondary  resistances  are  additional 
,      advantages. 

j  The  actual  cost  of  the  brush-shin  - 

,      ing    equipments    was    approximately 
,      75  per  cent  more  than  slip-ring  r 
tion   motors   and    control;    however, 
the  former  were  very  liberally  designed 
and  this  ratio  may  be  high  for  i 
installations. 
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Methods  for  the  Production  and  Measurement 
of  High  Vacua 

PART  X.     THEORY  OF  ADSORPTION  AT  LOW  PRESSURES  AND 

APPLICATIONS 

By  Sail  Dushman 

Research  Laboratory,  General  Electric  Company 

The  present  installment  discusses  a  new  point  of  view  of  phenomena  at  low  pressures  which  has  been 
developed  in  recent  years  by  Dr.  Langmuir  and  which  is  of  extreme  importance  for  a  proper  understanding 
of  experimental  observations  in  this  field.  The  next  installment  will  contain  further  discussion  of  the 
applications  of  this  theory. — Editor. 

Theory  of  Unimolecular  Layer 

In  the  preceding  installments  of  this  scries 
we  have  discussed  the  different  methods  for 
the  measurement  and  production  of  high 
vacua.  This  discussion  has  to  some  extent 
involved  a  certain  amount  of  theoretical 
consideration  of  the  principles  involved,  but 
in  the  main  the  object  has  been  to  present 
the  matter  from  an  experimental  point  of 
view.  The  theory  has  been,  as  it  were,  a  by- 
product of  the  experiments. 

There  has.  however,  been  developed  in 
recent  years  a  point  of  view  of  low  pressure 
phenomena  which  is  of  extreme  importance 
for  a  thorough  understanding  of  the  signifi- 
cance of  observations  in  this  field. 

Although  Dr  I.  Langmuir  developed  this 
theory1-2  as  a  result  of  his  numerous  investiga- 
tions on  the  kinetics  of  chemical  reactions 
at  low  pressures  and  the  effect  of  these  pres- 
sures on  the  electron  emission  from  heated 
solids,  he  was  also  inspired  in  this  view- 
point by  the  results  obtained  by  Laue.  the 
Braggs,  and  others,  on  crystal  structure. 

As  shown  by  these  investigators,  the  atoms 
in  solid  crystalline  substances  possess  regular 
geometrical  arrangements  which  correspond 
to  the  geometrical  structure  of  the  crystals 
themselves.  Thus  in  a  crystal  of  rock  salt 
(NaCl),  the  atoms  of  sodium  and  chlorine 
are  arranged  at  the  alternate  corners  of  a 
cube,  each  atom  of  sodium  being  surrounded 
by  six  of  chlorine  and  each  atom  of  chlorine 
by  six  sodium  atoms.     When  salt  crvstallizes 


lI.  Langmuir.  "Chemical  Reactions  at  Low  Pressures." 
J.  Am.  Chem.  Soc.  .37,  1139  I  L9] 

•I.  Langmuir.  "Constitution  of  Solids  and  Fundamental 
Properties  of  Solids  and  Liquids.  Part  I.  Solids,"  I.  Am. 
Chem.  Soc.  SS,  2221  (1916). 

These  papers  contain  the  most  comprehensive  discussion 
of  Langmuir's  theory  of  adsorption  and  its  bearing  on  other 
phenomena  at  low  pressures. 

'A.  W.  Hull.  "The  Positions  of  Atoms  in  Metals."  Trans. 
Am.  Inst.  Elect.  Eng..  Oct.  10 

*I.  Langmuir.  "The  Constitution  and  Fundamental  Prop- 
erties of  Solids  and  Liquids.  Part  II.  Liquids.  "  J.  Am  Chem 
Soc.  S9.  1848  (1917).  also  "The  Mechanism  of  the  Surface 
Phenomena  of  Flotation."  Trans.  Farad.  Soc.  15.  1  (1920). 


it  therefore  assumes  the  structure  of  a  cube. 
In  a  similar  manner  A.  W.  Hull  of  this  labora- 
has  more  recently  determined  the 
arrangements  of  the  atoms  in  a  large  number 
of  metals.3 

In  order  to  account  for  this  arrangement  of 
atoms  in  solids  Langmuir  considers  that 
exists  between  these  atoms  both  pri- 
mary and  secondary  valence  forces.-  the  latter 
differing  from  the  former  only  in  degree.  It 
is  therefore  impossible  to  speak  of  a  molecule 
of  NaCl  in  connection  with  a  crystal  of  salt. 
The  whole  crystal  constitutes  a  molecule 
whose  composition  is  NaxClx,  where  x  is 
infinitely  large.  Only  when  the  salt  vaporizes 
do  we  have  molecules  corresponding  to  the 
formula  NaCl  in  the  gas  phase. 

According  to  this  point  of  view  the  layer 
of  atoms  constituting  the  surface  of  a  solid 
would  present  unbalanced  and  unsaturated 
valencies  on  their  outer  side. 

From  well  known  therm odynamical  con- 
siderations it  follows  that  these  atoms  must 
tend  to  rearrange  themselves  so  that  the 
total  energy  in  the  field  surroundine;  them  is 
a  minimum.  In  this  manner  we  perceive 
that  surface  energy  ( surface  tension  of  liquids 
also)  is  of  the  same  nature  as  the  energy  of 
cohesion  which  holds  the  atoms  together  in 
the  solid  itself,  and  both  cohesion  and  sur- 
face tension  are  to  be  regarded  from  this 
viewpoint  as  similar  in  nature  to  chemical 
forces.  In  fact,  the  distinction  between  so- 
called  physical  and  chemical  forces  disappears 
on  this  basis.  It  would  take  us  too  far  beyond 
the  scope  of  the  present  discussion  to  mention 
the  application  which  Langmuir  has  made 
of  this  suggestion  to  account  for  certain  sur- 
face tension  phenomena  of  liquids,  but  the 
subject  is  extremely  interesting.4 

As  shown  by  Langmuir.  "the  attractive 
force  between  atoms  in  a  solid  becomes 
practically  negligible  when  the  distance 
between   the  centers  of   the  atoms  becomes 
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twice  as  great  as  the  distance  at  which  the 
atoms  are  in  equilibrium."  This  smallness 
of  the  range  of  atomic  forces  compels  us 
therefore  to  conclude  that  "in  general  the 
distance  through  which  the  ui  a  atoms 
are  shifted  from  their  original  positions  in 
the  solid  is  small  compared  to  the  a 
distance  between  the  atoms.  We  must  also 
conclude  that  the  abnormal  surface  arrange- 
ment is  usually  limited  to  the  surface  layer 
only.  The  surface  of  a  solid  (or  liquid)  there- 
fore does  not  contain,  as  is  usually  assumed, 
a  transition  layer  consisting  of  several  layers 
of  atoms  or  molecules  in  which  the  density 
varies  by  continuous  gradations  from  that  of 
the  solid  to  that  of  the  surrounding  gas  or 
vapor.  Instead  we  find  that  the  change  from 
solid  to  empty  space  is  most  abrupt.  The 
surface  of  a  crystal  must  then  consist  of  an 
arrangement  of  atoms  as  definite  as  that  existing 
in  the  interior  of  the  crystals,  although  slightly 
different  from  the  latter.  The  surface  must  thus 
be  looked  upon  as  a  sort  of  checker  hoard  con- 
taining a  definite  number  of  atoms,  of  definite 
kinds  arranged  in  a  plane  lattice  formation* 
The  space  between  and  immediately  above 
(away  from  the  interior)  these  atoms  is  sur- 
rounded by  a  field  of  electromagnetic  force 
more  intense  than  that  between  the  atoms 
inside  the  crystal." 

The  existence  of  this  field  of  force  at  the 
surface  (which  as  shown  above  is  due  to  the 
fact  that  the  atoms  there  have  only  part  of 
their  valencies  satisfied)  is  according  to  Lang- 
muir  of  fundamental  importance  in  account- 
ing for  all  the  various  phenomena  that  occur 
at  the  surface  of  a  solid,  such  as  the  adsorp- 
tion of  gases,  rates  of  chemical  reactions,  and 
the  effect  of  gases  on  electron  emission. 

Adsorption  is  regarded  from  this  point  of 
view  as  the  attachment  of  outside  mole- 
cules or  atoms  to  the  exposed  free  valencies 
of  the  atoms  comprising  the  surface  layer. 
According  to  the  kinetic  theory  of  gases,  the 
rate  at  which  gas  molecules  come  in  contact 
with  a  surface  is  given  by  the  equation 


-    I     7 
\2¥ 


M 


RT 


(1) 


where  m  denotes  the  weight  of  the  gas  strik- 
ing unit  area  per  unit  time,  M  is  the  molec- 
ular weight  of  the  gas,  R  the  gas  constant, 
T  the  absolute  temperature,  and  p  the  pres- 
sure. 

*The  italics  are  due  to  the  writer.  . 

»I.  Langmuir,  "The  Evaporation,  Condensation,  and  Re- 
flection of  Molecules  and  the  Mechanism  of  Adsorption,'  Phys. 
Rev.  S,  149  (1916).  . 

6J.  W.  McBain,  "Theories  of  Occlusion,  and  the  Sorption 
of  Iodine  by  Carbon."  Trans.  Faraday  Soc.  14,  1  (1919). 


La     muir  arrives  at    the  conclu  ;ion   that 
in  almost  all  ca 
surfaci  .in    n       'l  I 

ically    little 
true  at  a 
film 
the  space  lal  tice  ol  th     olid      I  »i 

loratiori  of   ;uch  a  film  is  goin 

h  temperatures  as  to  1  urface 

practically    clean.      Ad 
consequence  of  the  time  mden- 

sation  and  evaporation,  and  is  the  result   of 
the  kinetic  equilibrium.  ",; 

Previous  investigators  had  concluded  that 
at  the  surface  of  a  solid  we  usually  have  pres- 
ent  an   adsorbed    film 
that,  in  fact,  the  adsorbed  film  may  be 
number  of  molecules   (or  atoms)   thick,  and 
attempts  have  even  been  made  to  calculate 
the  density  of  this  condensed  gas  on  the  sur- 
face.   According  to  this  older  theory  the 
of  a  reaction  between  a  gas  and  a  solid  would 
be  limited  by  the  rates  of  diffusion   of  the 
reacting  gas  molecules  and  reaction  products 
through  the  film. 

According  to  Langmuir,  however,  the  ti 
ness  of  the  adsorbed  form  is  almost  never  in 
excess  of  one  molecule  {or  atom),  and  the  rate 
of  a  chemical  reaction  at  the  surface  oi  a 
metal  is  therefore  "limited  not  by  the  rate 
of  diffusion  through  the  adsorbed  film,  bu1 
rather  by  the  rate  at  which  the  surface  be- 
comes exposed  by  the  evaporation  of  single 
molecules  from  an  adsorbed  layer  one  mole- 
cule deep. "  Similarly,  in  the  ca  >e  of  electron 
emission,  the  adsorbed  film  covering  th 
face  to  a  larger  or  smaller  e  rids  to 

lower  the  emission,  and  the  actual  dei  i 
depends   upon    the  equilibrium  between    the 
rate  of  condensation  and  that  of  evapora 
of  the  gas.    At  low  temperatures,  wh<  r< 
rate  of  evaporation  is  lower,  the  film  covers  a 
larger  extent  of  the  surface ,  and  the  dei    e; 
therefore  much  greater,  while  a 
ature  is  raised,  the  area  covered  by  gas  mole- 
cules decreases  and  at  very  high  temperatures 
the  emission  therefore  tends  to  approach  that 
of  the  metal  in  a  very  good  vacuum. 

In  the  following  sections  we  shall  di 
the   application   of   this   theory   to  the   phe- 
nomena    of    evaporation,     adsorption,     and 
chemical  reactions  at  low  pr< 

Evaporation  of  Metals  in  Gases  in  High  Vacua 

As  shown  above,  the  rate  at  which  mole- 
cules from  a  gas  strike  a  surface  is  given  by 

equation  (1). 
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at  this  temperature.  In  this  ma 
Langmuir  has  measured  the  vapor  pr< 
n('  metallic  tungsl 

15  10  deg.  K.7 
and   Langmuir  and   Mackay8  hav 
similar    data    for    the    metals,  platinum    and 
bdenum.     M,   Kundsen9  has  shown  that 
the    above    equation    also    holds    accurately 
surface  of  liquid  mer- 
rating  into  a  good  vacuum. 
Langmuir  and  Mackay  have  also  a: 
the    same   method    to    the   determination   of 
the  vapor   tension   data   in   the   case   of   the 
metals, iron,  nickel.  c<  >i  ■  er,  but  have 

ublished    their    results    as    yet.       The 
id  is  so  extremely  simple  that  it  ought 
to  find  a  large  field  of  application  in  the  solu- 
if  certain  metallurgical  problems. 

Adsorption  at  Low  Pressures 

above  theory  leads  to  a  precise  defini- 
tion of  adsorption,  as  distinguished  from 
absorption,  occlusion  and  similar  terms  which 
:  i'd  quite  loosely  in  the  literature.  We 
can  speak  of  adsorption  only  as  it  relates 
which  is  condensed  on  the  surface 
of  any  solid  as  a  unimolecular  layer.  As 
stated  above,  adsorption  is  the  direct  re- 
sult of  a  kinetic  equilibrium  between  the 
rate  of  condensation  and  that  of  evaporation. 
"If  the  surface  forces  are  relatively  it. 
evaporation  will  take  place  only  at  a  negligible 
rate,  so  that  the  surface  of  the  solid  becomes 
completely  covered  with  a  layer  of  molecules. 
In  the  case  of  true  adsorption  this  layer  will 
usually  be  not  more  than  one  molecule  deep. 

soon  as  the  surface  becomes  covered 
by  a  single  layer  the  surface  forces  arc  chem- 
ically saturated.  Where,  on  the  other  hand, 
the  surface  forces  are  weak,  the  evaporation 
may  occur  so  soon  after  condensation  that 
only  a  small  fraction  of  the  surface  becomes 


'I.  Langmuir.  Phvs.  Rev.   >.  329  (1913). 

•I.  Langmuir  and  G.  M.  1.  Mackay.  Phvs.  Rev.  i.  3T7  (1914). 
»M.  Kundsen.  Ann.  P 

">I.   Langmuir.    "The  Adsorption   of   Gases  on   Plane  Surface 
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with     thi 
nature   of   the   su  5,    the   ran< 

Ei  .mid  to  be  extremely 
small,    of    the   order   of    10-8   cm.      Th 

is   usually 
much  less  than  the  dian 
The  molecules  thus  usually  01 
nite   ways   in   the  surf; 

between  the  surface  and  particular  atoms  or 

evidence    adduced    by    Langmuir    in 

of  this  theory  is  of  a  three-fold  nature. 
there    are    "the    observations    of    the 

m    emission    from    heated    filaments   in 
variou  sun  s   and    i  I 

a1  low 
pressui  ond,  direct  experimental  evi- 

■  i'd   that   "thin  oil   films  on 
-    of  liquids,   as  well   as  abs 
films  of  substances  dissolved  in  liquids  do  not 
normally  exceed  one  molecule  in  thick 
Third,    Langmuir    has    actually    c 
measurements    on    the   amounts    of    gas    ad- 
sorbed  on    three    typical    surfaces:    tho 
glass,  mica,  and  platinum,  al  rang- 

ing around   100  bars  or  less.     Th 
these    latti  r    determinations    are    in    a 
with  the  above  theory.     It  must  of  course  be 
realized  that  extreme  precautions  were  taken 
in    this    investigation    to    have    the    surfaces 
thoroughly     freed     of     previously     adsorbed 
gases   before   letting   them   come   in   contact 
with    the   gas    whose   adsorption   was    to    be 
measured.      "At   room   temperature   the   ad- 
sorption  by   mica   and   glass  was   neglij 
certainly  not  over  one  per  cent  of  the  surface 
a  single  layer  of  molecules. 
At   -183  and   -118  deg.  C,  relatively  large 
amounts  of  gas  were  adsorbed,  except  in  the 
case  of  hydrogen,  and  at  the  higher  pn 

he  surfaces  tended  to  become  saturated 
with  gas.     The  maximum  quantities  a; 
i  i<en  with  saturated  surfaces  were  always  some- 

■  ss  than  th* 

lecular  layer.  The  amounts  of  the 
different  gases  adsorbed  by  saturated  sur- 
faces of  mica  and  glass  were  always  in  the 
following  order:  hydrogen,  oxygen,  argon, 
nitrogen,  carbon  monoxide,  methane. 
carbon  dioxide.  The  adsorption  of  these 
gases  was  easily  and  quickly  revet 

On  the  other  hand,  in  the  ease  of  platinum 
no  adsorption  of  gases  could  be  observed  at 
even  —183  deg.  C.  until  the  platinum  had 
been  previously  "activated"  by  heating  to 
300  deg.  C.  in  a  mixture  of  hydrogen  and  oxy- 


METHODS  FOR  THE  PRODUCTION  AND  MEASUREMENT  01    HIGH   \  \-   I         813 


gen.  It  was  then  found  capable  oi  ad  orbing 
oxygen,  carbon  monoxide,  or  hydrogen,  and 
the  maximum  quantities  adsorbed  i 
sponded  to  unimolecular  layers.  Hut  the 
adsorption  \vas  not  reversible,  rea< 
apparently  occurring  on  the  surface  "due  to 
chemical  forces  of  the  primary  valence  t\  pe 

Before  discussing  the  theoretical  deriva- 
tion of  the  relation  between  amount  oi  ga 
adsorbed  and  the  pressure  observed  in  the 
above  experiments,  it  may  be  well  to  point 
out  the  reasons  given  by  Langmuir  for  the 
difference  between  these  results  and  thoi 
observed  by  previous  investigators  on  the 
adsorption  of  gases  by  charcoal  and  glass. 
"There  appear  to  be  three  main  rea 
he  states,  "which  have  led  these  investigators 
to  conclude  that  adsorbed  films  are  relatively 
thick.  In  most  cases  the  experiments  have 
been  carried  but  with  porous  materials,  such 
as  charcoal,  so  that  it  has  not  been  possible 
to  determine  with  certainty  the  effective 
absorbing  surface.  Other  workers  have 
employed  metal  foil  or  other  surfaces  of  known 
area,  but  in  order  to  get  sufficiently  large 
surfaces  have  packed  so  much  foil,  etc.,  into 
small  vessels  that  enormous  numbers  of 
capillary  spaces  were  formed.  They  then 
employed  saturated  or  nearly  saturated 
vapors  bringing  about  actual  condensation 
of  liquid  in  the  capillary  spaces.  The  third 
cause  of  error  has  consisted  in  the  use  of 
substances  which  actually  dissolved  the  vapor 
thought  to  be  adsorbed.  The  so-called 
adsorption  of  water-vapor  by  glass  is  an 
example  of  this  kind." 

In  discussing,  in  a  previous  section,11  the 
sorption  of  gases  by  charcoal  and  glass  and 
also  the  gas  evolution  from  glass  and  metals 
at  low  pressures,  a  number  of  observations 
have  been  mentioned  which  are  in  accord 
with  this  theory.  It  was  mentioned  in  that 
connection  that  estimates  have  been  made 
by  various  investigators  of  the  effective 
surface  per  gm.  of  activated  varieties  of  char- 
coal, and  that  on  this  basis,  the  largest  amount 
of  any  non-condcnsible  gas  adsorbed  by  the 
charcoal  would  correspond  to  a  layer  less 
than  one  atom  in  thickness.  Where  the  gas 
adsorbed  is  nearly  saturated  vapor  (as  is  the 
case  in  a  large  number  of  the  experimental 
observations),  there  is  an  actual  condensa- 
tion of  liquid  in  the  capillarv  spaces,  so  that 
in  general  we  have,  in  the  case  of  adsorption 
by  charcoal,  both  condensation  to  liquid   In 
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held   together  by   primary   valem  ■ 
direction  of  their  length  and   by  secondary 
valence  in  the  trail     -i      dir  ction        When 
the  hydrogen  and  oxygen  atom-  are   d 
out  by  heat,  the  carbon  atoms  for  the 
part   remain   in    their   chains,    but    a    cei 
number  of  cross  linkages  occur  between  these 
chains.      The   porosity   of   the   charcoal    thus 
undoubtedly  extends  down  to  atomic  dimen  :  " 
The    unsaturated    state    of    the    remaining 
carbon  atoms  explains  the  practical  impossi- 
bility of  removing  the  last  traces  of  oxygen 
and  hydrogen  from  any  form  of  amorphous 
carbon. 

"It  is  evident  that  with  a  structure  oi  this 
kind,  it  is  meaningless  to  talk  about  the  sur- 
face  on  which   adsorption   can   tal  < 
On  plane  surfaces  the  maximum  adsorption 
would   correspond    to   a   layer   one    molecule 
deep;  but  in  the  case  of  charcoal,  there  i 
definite  surface  which  can  be  covered   by  a 
unimolecular   layer.      The   atoms   of    cai 
would  be  separated  by  spaces  which  might 
hold  one  or  more  molecules  of  th 
on  the  other  hand,  these  spaces  might  b 
small  to  hold  even  one  molecule. 

It  is  of  interest  in  this  connection  to 
tion  a  theory  regarding  the  structure  oi  char- 
coal   which    has    been  advanced   by    X     K 
Chaney.1'-'    According  to  this  theory  "elemen- 
tary carbon  (other  than  diamond  and  graphite) 
exists  in  two  modifications,   'active'  and  '«'«- 
cu  tive'  or  alpha  and  beta.    All  'primary'  amor- 
phous carbon  consists  essentially  of  a  stabilized 
complex    of    hydrocarbons,    adsorbed    o 
base  of  'active'  or  alpha  carbon.     The  active 
modification   is   formed    whenever   earl  ion    is 
deposited  at  relatively  low  temperatures  by 
chemical   or   thermal    decomposition    oi 
bon-beat  ini    matei  iali  .  in  general  b  it  m   500 
to   600   >\'':-\     C       The   inactive   modification 
results  from  similar  decomposition  at  1 
temperatures,    in    general    above    600    to    fOO 
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in  virtue  of  which  gas  is 

taken  Formed    by   the   lo< 

<!  structure  which  results  in  carboniza- 
tion of  any  carbon-bearing  material,  and  he 
differentia^  Eollows:    On  saturating 

an  adsorbenl  and  then  noting  the  rate  at 
which  the  gas  is  removed,  it  is  observed  that 
the  po  irbed   in  capillary  spaces  is 

given  off  readily  while  that  adsorbed  specifi- 
cally is  given  off  very  slowly.  "The  weight 
after  rapid  weight  loss  has 
ed,  called  the  'retentivity'  of  the  adsorb- 
ent, is  a  measure  therefore  of  the  proportion 
tive  carbon  present,  in  a  given  weight  of 
adsorbent  This  test  applied  to  pre-war 
charcoals  shows  that  their  adsorptive  capac- 
ity is  almost  wholly  capillary  and  dependent 
upon  the  physical  structure  left  by  distilla- 
tion in  the  primary  carbon.  In  general 
even  this  capacity  is  extremely  small  com- 
pared with  present  standards.  "  The  observa- 
tion made  by  McBain13  that,  the  sorption  of 
hydrogen  by  ordinary  charcoal  at  low  tem- 
peratures occurs  in  two  stages  finds  an  ex- 
planation from  this  point  of  view.  The  major 
portion  of  the  gas  was  taken  up  very  rapidly, 
while  a  residual  portion  required  quite  an 
interval  of  time  to  condense. 

The  problem  in  preparing  active  charcoal, 
according  to  Chaney.  therefore  consists  in 
devising  some  method  which  will  get  rid  of 
the  hydrocarbons  adsorbed  specifically  by  the 
active  carbon  at  the  instant  of  formation. 
This  adsorbed  gas  forms  quite  stable  com- 
plexes with  the  carbon  base  and  constitutes 
the  product  which  he  designates  as  primary 
carbon,  "because  it  is  the  original  product 
first  occurring  in  low  temperature  distillation 
of  carboniferous  material."  The  methods  of 
preparing  active  charcoal  by  oxidation  with 
steam  and  other  schemes  therefore  have  for 
their  purpose  the  removal  of  these  adsorbed 
hydrocarbons. 

In  discussing  the  mechanism  of  the  capillary 
and  specific  adsorptions,  Chaney  remarks: 
"The  simplest  theoretical  assumption  is  that 
capillary   adsorption   is   the  filling  of  actual 
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cells  with  liquid  due  to  lowered  surfac  ■  ten- 

and  dependenl  upon  the  size  i  - 
illaries,  i.e.,  the  physical  structure  of  the 
adsorbent  only.  The  specific  capacity  has 
been  assumed  to  represent  a  field  of  force 
— probably  due  to  unsaturated  valencies — 
which  is  independent  of  a  grosser  physical 
structure  of  the  adsorbent,  i.  v..  it  represents 
adsorption  on  a  plane  surface."  That  is. 
Chaney  defines  specific  adsorption  in  the  same 
manner  as  Langmuir  and  in  accord  with  the 
lattcr's  theory  he  finds  that  the  amounts 
adsorbed  in  this  manner  do  not  exceed  what 
would  reasonably  be  expected  for  a  layer  oni 
molecule  deep.  We  shall  see  in  a  subsequent 
•  ii  that  this  theory  of  the  mode  of  ad- 
sorption on  active  charcoal  is  in  splendid 
agreement  with  the  results  obtained  by  Lang- 
muir in  studying  the  adsorption  of  oxygen  by 
carbon  filaments. 

The  sorption  of  gases  by  glass  has  been 
another  case  where,  as  Langmuir  points  out, 
actual  solution  of  gases  in  the  gel-like  struc- 
ture has  been  confused  with  true  adsorption. 
and  the  experiments  on  the  adsorption  of 
gases  by  mica  confirm  this  view. 

Adsorption  Relations 

In  1909  Freundlich  proposed14  the  semi- 
empirical  relation  between  the  quantity  of 
gas  adsorbed,  q,  and  the  pressure,  p,  at  con- 
stant temperature,  which  has  the  form 

q  =  k.p*  " 
where  k  and  n  are  constants  which  depend 
upon  the  nature  of  both  the  adsorbent  and 
gas,  and  n  is  greater  than  unity.  This  equa- 
tion has  been  tested  by  a  number  of  investi- 
gators and  found  to  agree  very  badly  with 
the  observations  when  the  range  of  pressures 
is  large.  For  low  pressures  or  high  tempera- 
tures, where  the  quantities  adsorbed  are  small 

the  value    of  -  approaches    unity,  while   at 
n 

high  pressures  or  low  temperatures  it  often 

becomes  as  small  as  0.1.     These  conclusions 

are  well  exemplified  by  the  observations  made 

by  Claude  and  Titoff  on  the  adsorption  of 

gases  by  charcoal   at   various   temperatures, 

and  described  in  a  previous  section.     Thus. 

referring   to   Table   XVII.    Part   VI,    of   this 

series,*  it  will  be  observed  that  in  the  case 

of    hydrogen   -   is    approximately   equal    to 

unity  at  all  temperatures  and  pressures.     <  )n 
the  other  hand,  in  the  case  of  nitrogen  and 

carbon   dioxide.  -  decreases  raoidlv  with  in- 
n 

creases  in  pressure  and  temperature 
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Quite  recently  A.  M.  Williams1'  has  de- 
rived relations  between  the  pressure,  quan- 
tity adsorbed,  and  temperature  by  a  com- 
bination of  arguments  based  on  thermody- 
namics and  the  kinetic  theory  of  gases. 

For  the  change  in  adsorption  with  tem- 
perature he  obtains  the  relation 


log 


('■?) 


'/•  +  -', 


(2) 


and  for  the  adsorption  isotherm,  the  relation 

log(q—\=Ao-A1q  (3) 

The  latter  may  be  expressed  in  the  form 

q/p  =  Ke~A"1  (4) 

where  A0,  Ax,  k,  and  c.  are  constants  at 
any  temperature.  It  will  be  observed  that 
for  small  values  of  q,  that  is,  small  amounts 
of  adsorption,  the  exponential  term  is  prac- 
tically unity,  so  that  at  low  pressures  and 
high  temperatures,  the  latter  equation  re- 
duces to  the  simple  form, 
q  =  k.p. 

These  relations  are  found  by  Williams  to 
agree  well  with  the  observations  mentioned 
above  on  the  adsorption  of  gases  by  char- 
coal, especially  those  of  Miss  Homfray.  The 
kinetic  theory  considerations  used  in  deriving 
the  above  relations  lead  Williams  also  to 
interesting  conclusions  which  are  in  agree- 
ment with  Langmuir's  theory.  He  finds  on 
this  basis  that  the  surface  area  of  the  charcoal 
used  by  Miss  Homfray  was  about  130  sq. 
meters  per  gram  of  adsorbent,  which  appears 
reasonable  in  view  of  the  fact  that  activated 
charcoal  has  an  estimated  surface  area  of 
about  2500  sq.  meters  per  gram.  Further- 
more, the  theory  enables  Williams  to  deter- 
mine the  range  of  molecular  attraction 
between  adsorbent  and  gas,  and  he  finds  this 
to  vary  from  3.2  to  4.1  X  10-8  cm.,  that  is,  of 
the  same  order  as  the  molecular  diameti  r. 
As  already  stated,  Langmuir  arrives  at  the 
conclusion  that  these  forces  must  diminish 
to  practically  zero  at  distances  which  are 
twice  as  great  as  the  distance  at  which  the 
atoms  are  in  equilibrium.  The  agreement  in 
conclusions  arrived  at  from  totally  different 
points  of  view  is  certainly  striking. 

As  discussed  above,  Langmuir's  theory 
regards  adsorption  as  the  result  of  a  kinetic 
equilibrium  between  the  rate  of  condensation 
and  that  of  evaporation.  Or.  this  basis  the 
quantitative  form  of  the  adsorption  isotherm, 
that   is,    the    relation    between    amount    ad- 


sorbed and  jm      n  ".ires. 

depends  upo  .  nism 

"i    both   tin  tion   and   i    aporation. 

Langmuir  points   oul    thai 
crystal     n      mbli 

board,   and    when   moli  i  ul<  s  of  gas  are  ad- 
sorbed   !>■ 

taki   up  definite  positions  \\  il :  to  the 

surface  lattice  and  tin:  ,  new 

lattice  aboi  i    the  old      A  ui  I   any 

crystal     surface,     therefore,     has     a     4 
number  of  'elemental'.       iai 

of  holding  one  adsorbed   i 

There  will  frequently   be  case 
are  two  or  three  different    kind 
*  *  *     Each  kind  of  elemental         ace  will, 
in    general,    have    a    different     te 
adsorb  gases.     As  the  pressure  of  gas  is  in- 
creased the  adsorption  will  then  tend  to  take- 
place  in  steps,   the  different   kinds  of 
being    successively    filled    by    the    ad- 
molecules."      The   phenomena    thi 
met  in  the  study  of  adsorption  are  thus  ([mi- 
varied  and  may  often  be  very  complex.     It 
is  therefore  not  to  be  i  so<  i  ted  thai  one  single 
equation  should  cove 

As  an  illustration  of  Langmuir's  mode  of 
reasoning  we  shall  discuss  his  derivation  of 
the  adsorption  isotherm  for  the  simplest  casa 
of  adsorption,  that  in  which  we  have  only  one 
kind  of  elementary  space  and  in  which  each 
space  can  hold  only  one  adsorbed  molecule. 
The  number  of  gram-molecules  striking 
unit  area  per  second  is,  in  accordance  with 
equation  (1)  above, 

U=  -r-f=      ,  i  la  I 

^      M      \/2w  MRT 

A  certain  fraction  of  these  molecules,  which 
we  mav  call  a.  will  condense.  Consequently, 
the  rate  of  condensation  on  a  bare  surfac  ■  is 
an  If  0  represents  the  fraction  at  any  instant 
of  the  surface  which  is  hare,  the  rate  oj  con- 
densation of  gas  on  the  surfac  is  ad. 
Similarly  the  rate  of  evaporation  of  molecules 
from  the  surfac:.'  at  this  instant  is  vBi,  where 
e1=\—6  is  the  fraction  of  the  surfai  CO1  en  4 
with  molecules,  and  v  is  the  rat  i  of  evapora- 
tion from  a  surface  complete  h  covere  I 
At    eauilibrium, 


a9/j.=  a<  1  -$i)fi=vdt 


Let  us  plac:1 


Then 
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Mul  we  ran  write  0\  in  another  form.     Let 

den  emi  ntary  spaces 

ail  area.    Then,  it'  q  denotes  the  number 

gas  adsorbed  per  unit 

area  of  surface, 

A',,0! 


9  = 


N 


re  N  =  6.062  X1028,  the  number  of  mole- 
m-mi  ilecule 
Substituting  for  6\  by  means  of  equations 
."'  i  and  (la)  ii  follows  that 

i  =  TWp  (f,a) 


ar.d 


V'ItMRT 
N0 


X 


It  will  be  observed  that  for  small  values  of 
b,  that  is  large  values  of  v,  the  above  equation 
tends  to  approach  the  form 

q  =  abp 
That  is,  when  the  rate  of  evaporation  is  very  high 
(at  higher  temperatures)  and  low  pressures, 
we  have  the  linear  relation  between  q  and  p. 
In  order  to  test  equation  (6a)  Langmuir 
writes  it  in  the  form 

__rP 
1 


ab^b 


nil, 


so  that  by  plotting  —  against  p,  the  slope  of 

♦v,      *     •  u.  r  1  a  *        V2nrMRT 

the  straight  line  gives  -r,  that  is.  v . 

b  a 

In  nearly  all  cases,  the  value  of  a.  is  prac- 
tically unity.  Hence  it  is  possible  to  cal- 
culate from  the  observed  values  of  b  at  any 
temperature  the  rate  of  evaporation  per  unit 
area.  In  the  experiments  with  mica  and  glass, 
Langmuir  finds  that  this  relation  is  in  good 
accord  with  the  observed  data  for  all  the 
gases  tested.  His  conclusions  with  regard  to 
the  thickness  of  the  adsorbed  film  have  al- 
ready been  discussed  abo  i 

Instead  of  calculating  the  rate  of  evapora- 
tion,  Langmuir  has  calculated  the  values  of 

a 
a  =  —  for  the  different  cases.     The  phvsical 

significance  of  this  quantity  is  that  it  expresses 
the  "relative  life"  of  the  molecules  on  the 
surface.  Thus  for  oxygen  adsorbed  on  mica 
at  90  deg.  K..  <r  =  97,000  seconds,  while  at 
155  deg.  K.,  (7  =  69,000  seconds.  In  a  similar 
manner  it  is  possible  to  calculate  from  the 
vapor  tension  data  the  relative  life  of  a  mole- 
cule at  the  surface  of  liquid  oxygen  at  any 


temperature.  A  comparison  of  the  values  of 
a  thus  calculated  for  the  gases  in  the  adsorbed 
state  and  the  same  gases  in  the  liquid  state 
shows  that  the  relative  life  in  the  first  case 
is  anywhere  from  LO.000  to  over  1,000,000 
times  as  great  as  in  the  latter  case.  "The 
forces  involved  in  the  adsorption  of  these  gases 
are  thus  very  much  more  intense  than  those 
holding  the  molecules  of  the  liquids  together.  " 

In  a  similar  manner  Langmuir  derives 
relations  for  other  cases  of  adsorption.  An 
interesting  case  is  that  in  which  the  gas  is 
adsorbed  as  atoms  (e.g.  hydrogen  by  palla- 
dium) ;  it  is  shown  that  under  these  conditions, 
the  amount  adsorbed  must  vary  as  the  square 
root  of  the  pressure  even  at  relatively  low 
pressures. 

It  is  evident  that  in  the  case  of  porous  sub- 
stances, such  as  charcoal,  no  simple  adsorp- 
tion relation  can  hold  valid,  since  we  can  not 
speak  of  any  definite  surface,  and  further- 
more, depending  upon  the  magnitude  of  each 
individual  space  in  such  a  structure,  the  rate 
of  evaporation  of  adsorbed  gas  will  vary 
tremendously. 

Evidence    for    Adsorption    Theory    from    Study   of 
Chemical  Reactions  at  Low  Pressures 

Most  interesting  evidence  for  the  unimo- 
lecular  layer  theory  of  adsorption  has  been 
obtained  by  Langmuir  in  his  numerous  in- 
vestigations on  chemical  reactions  at  low 
pressures.  Some  of  these  investigations  have 
been  mentioned  in  a  previous  section  in 
discussing  chemical  methods  of  clean-up. 
The  interest  in  the  present  connection  lies 
rather  in  the  conclusions  which  Langmuir 
has  derived  regarding  the  mechanisms  of 
these  reactions. 

Let  us  consider  the  reaction  between 
oxygen  at  low  pressures  and  a  heated  tungsten 
filament.  At  any  temperature  of  the  filament 
it  is  observed  that  the  rate  of  clean-up  is 
proportional  to  the  pressure.  From  this 
rate  it  is  possible  to  calculate  the  value  of 
€.  the  ratio  between  the  number  of  molecules 
of  oxygen  disappearing  per  unit  time  and  the 
number  that  strike  the  filament  in  that  time. 
Table  I  shows  how  e  varies  with  the  tem- 
perature. 

TABLE   I 
RATE  OF  CLEAN-UP  OF  OXYGEN 


Temp.,  Deg.  K. 
Temp.,  Deg.  K. 


1070 
0.00033 

2020 
0.049 


1270   1470 

1570 

0.0011  0.0053  0 

2290   2520 

2770 

0.095  0.12 

0.15 
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It    is   evident   that   e   is  always    less    than 
unity,  but  tends  to  approach  this  value  with 
increase  in  temperature.     In  order   to 
the   oxide    W03,    at    least    two    moleeuli 
oxygen  must  react  with  each  atom  i  if  tun 
on  the  surface,  and  from  considerations  based 
on    the    kinetic    theory    of   gases,    Langmuir 
concludes    that    the    manner    in    which    this 
reaction  occurs  is  as  follows:    The  tungsten 
atoms  on  the  surface  adsorb  oxygen  atom 
forming  a  layer  which  may  be  represented 
thus: 

OOO 

II       II       II 

WWW 

/\     /\     /\ 
/W    W    W    W\ 

That  is,  oxygen  atoms  are  held  on  the  surface 
by  means  of  primary  valencies  from  the  tung- 
sten atoms.  Oxygen  molecules  striking  this 
layer  combine  with  the  group  WO  to  form 
II  03  which  immediately  distills  off  as  a 
single  molecule.  The  layer  of  oxygen  com- 
bined with  tungsten  atoms  on  the  surface  is 
extremely  stable.  It  will  not  react  with 
hydrogen  even  at  1500  deg.  K.  This  means 
that  the  surface  of  tungsten  at  this  temper- 
ature is  completely  covered  with  a  layer  of 
oxygen  one  atom  deep,  and  the  presence  of 
this  oxygen  acts  as  a  catalytic  poison  for 
the  reaction  between  hydrogen  and  oxygen. 
In  a  similar  manner  when  a  tungsten  filament 
is  heated  in  a  mixture  of  carbon  monoxide 
and  oxygen,  none  of  the  CO  reacts  with  the 
oxygen  even  with  the  filament  temperature 
as  high  as  2S00  deg.  K.,  but  the  oxygen  at- 
tacks the  tungsten  filament  at  the  same  rate 
as  if  CO  were  absent. 

In  view  of  what  has  been  stated  above 
regarding  the  structure  of  active  charcoal 
and  its  high  capacity  for  adsorbing  gases, 
the  experiments  on  the  reaction  between 
oxygen  and  carbon  are  extremely  interesting. 
"Experiments  with  carbon  filaments  in  oxy- 
gen, and  in  carbon  monoxide  or  dioxide, 
have  shown  that  oxygen  acts  as  a  catalytic 
poison,  on  the  reaction  between  oxygen  and 
carbon,  and  on  that  between  carbon  dioxide 
and  carbon  dioxide  and  carbon.  It  was  also 
proved  that  this  poisoning  effect  is  due  to  a 
remarkably  stable  film  of  adsorbed  oxygen, 
so  stable  in  fact  that  the  filament  must  be 
heated  in  a  good  vacuum  for  nearly  half  an 
hour  at  2300  deg.  K.  in  order  to  distill  if  off. 


1E"The  Effect  of  Space  Charge  and   Residual  Gases  on  Ther- 
mionic Currents  in  High  Vacuum."  Phys.  Rei 

""The    Electron    Emission   from    Tungste: 
of  Residual  Gases."  Phys.  Z.  tS,  .316  (1914). 


nd   the    Effect 


arbon 
o  the  formula:" 

"         '  '         •  '         ■  ■: 

II  II  II  II 

'      c    c    c 

ccccc 
\  /   \  /   \  /   \  / 
(       C     C     C  intent. 

i  \ 

\\  ith  carbon  dioxide  evid<  tii  ined 

that  the  reaction  occurs  as  follows: 
C0i  +  C=CO+  CO 

(gas)   (adsorbed  in  carbon). 

The  reaction  between  carbon  monoxide  and 
en  in  contact  with  platinum  is  another 
illustration  of  the  catalytic  effect  of  an  ad- 
sorbed film.  The  rate  of  clean-up  in  this  case 
was  observed  to  be  directly  proportional  to 
the  pressure  of  oxygen,  but  inversely  pro- 
portional to  the  pressure  of  carbon  monoxide 
In  order  to  account  for  this  Langmuir  assumes 
that  the  reaction  occurs  when  CO  molecules 
strike  oxygen  on  the  surface,  but  does  not 
occur  when  0a  molecules  strike  CO  on  the 
surface.  Thus  CO  acts  as  a  catalytic  poison 
for  the  reaction  at  a  platinum  surface. 

It  is  evident  that  this  theory  must  exert  a 
profound  influence  on  our  views  of  the  phe- 
nomena of  catalysis,  a  subject  of  inim 
importance  in  chemical  technology,  and  there 
is  no  doubt  that  an  application  of  Langmuir's 
theory  to  this  field  is  going  to  bring  about 
practical  results  of  great  value. 

Evidence  for  Adsorption  Theory  from  Study  of  Effect 
of  Gases  and  Thorium  on  Electron  Emission  of 
Tungsten 

The  effect  of  gases  in  decreasing  the  elec- 
tron emission  from  heated  metals  has  been 
studied  in  some  detail  by  Langmuir"'1  17  and 
the  observed  phenomena  are  strikingly  ac- 
counted for  by  the  theory  of  adsorbed  films 
one  molecule  in  thicl 

remarkable  similarity  between  the  effect  ol 
these  films  in  poisoning  the  catalytic  activity 
of  a  filament  and  in  decreasing  the  electron 
emission. 

Thus  oxygen  and  water  vapor,  which  react 
with  a  filament  forming  an  adsorbed 

layer  of  oxygen  atoms,  both  lower  the  emission 
enormously  even  at  very  Low  pressures 
(0.001  bar).  By  observing  the  rate  of  de- 
crease of  emission  when  gas  is  let   in.  and  the 
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rateol  inert  >ion  when  the  filaments 

b   I  in  vacuo  it  is  possible  to  study  the 
rate  of  formation  and  also  th  apora- 

tion  -us  temperal 

"The  fact   that    the   rate  of  evaporation  of 
these  films  even  at  temperatures  of  L800  deg 
K.  is  slow  enough  to  measure  proves  that  they 
narkably  stable." 

Nitrogen  lowers  the  emission  only  when 
voltages  high  enough  to  cause  ionization  are 
used  in  measuring  the  electron  currents. 
Tin-  positive  ions  formed  by  bombarding  the 
nitrogen  molecules  with  electrons  form  an 
adsorbed  film  on  the  surface  of  the  filament 
an.]  thus  lower  the  emission.  On  pumping 
out  the  nitrogen  and  heating  the  filament  to  a 
high  temperature  this  film  gradually  distills  off 
and  the  emission  returns  to  its  normal  value. 

Interesting  effects  are  obtained  with  tung- 
sten filaments  containing  small  amounts  of 
thorium.  If  such  a  filament  is  heated  in  a 
very  high  vacuum  to  2900  deg.  K.  for  a  short 
time  and  the  electron  emission  at  1S00  deg. 
K.  is  then  measured,  it  is  found  that  the 
emission  is  the  same  as  that  of  pure  tungsten. 
By  now  heating  the  filament  a  few  minutes 
at  about  2200  to  2300  deg.  K..  the  electron 
emission  at  1800  deg.  K.  is  found  to  have 
increased  over  10,000  fold,  if  the  vacuum  is 
very  good.  This  effect  is  accounted  for  on 
the  theory  that  thorium  forms  an  adsorbed 
layer  on  the  surface  of  the  filament.  At 
2900  'leg.  K..  the  thorium,  which  is  much 
more  volatile  than  tungsten,  distills  off  and 
leaves  a  surface  of  pure  tungsten.  At  2300 
dii'.   K.,  the  rate  of  evaporation  of  thorium 


is  fairly  low.  but  the  rate  of  diffusion  through 
the  tungsten  is  sufficiently  high  to  allow  the 
accumulation  of  thorium  atoms  on  tin-  sur- 
face, while  at  L800  deg.  K..  the  rate  of  dif- 
fusion is  so  low  that  mi  more  thorium  comes 
to  the  surface  By  studying  the  rate  of 
increase  of  the  emission  at  temperatures 
between  1800  and  2300  deg.  K.  and  the  rat'' 
of  decrease  of  emission  at  temperatures  above 
2300  deg.  K.,  it  is  possible  to  obtain  dati 
;ln  rates  of  diffusion  and  of  evaporation  of 
irium. 

If  a  pure  tungsten  filament  is  adjacent  to 
the  thoriated  filament  and  the  latter  is 
heated  to  a  temperature  at  which  the  thorium 
evaporates  fairly  quickly,  it  is  found  that 
the  pure  tungsten  filament  gradually  assumes 
the  same  electron  emitting  activity  as  the 
thoriated  filament  and  there  is  very  strong 
evidence  that  a  layer  of  thorium  one  atom 
deep  gives  just  as  high  an  emission  as  a  layer 
several  atoms  deep. 

The  effect  of  gases  in  lowering  the  emis- 
sion of  thorium  is  even  more  pronounced 
than  in  the  case  of  tungsten.  An  adsorbed 
oxygen  layer  on  the  surface  of  thorium  is  so 
stable  that  it  does  not  distill  oft  unless  the 
temperature  of  the  filament  is  raised  to  2900 
deg.  K. 

Similar  phenomena  have  been  observed 
in  studying  the  effect  of  gases  on  the  photo- 
elastic  activity  of  metals  and  there  is  no  doubt 
that  in  all  these  cases  adsorbed  films  play  an 
important  role  in  decreasing  the  electron 
currents. 

(To  be  con'invel} 


The  Electrical  Operation  of  the  River  Rock 
Gravel  Company 

By  A.  V.  Thompson 
San  Francisco  Office,  Generai   Electrk  Company 
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of  the  electrified  method  employed  in  excavating  tl  ati  ig  it,  and   pri  :  nished 

product. — Editor. 


The  plant  of  the  River  Rock  Gravel 
Company  is  located  on  Tesla  Creek  seven 
miles  south  of  Tracy  in  central  California, 
where  the  rirer  channel  breaks  from  the 
Coast  Range  and  spreads  into  the  west  rim 
of  the  San  Joaquin  Valley. 

This  creek  or  arroyo  is  a  natural  drainage 
channel  where  rains  are  infrequent.  The 
gravel  deposits  extend  fifteen  miles  up  the 
channel  from  the  washing  plant  into  the  Coast 
Range.  When  heavy  rains  come,  generally 
during  January,  February,  and  March,  floods 
rush  down  this  arroyo  carrying  thousands  of 
tons  of  sand,  gravel,  and  boulders  which  tend 
to  replenish  the  materials  that  have  been 
excavated  during  the  preceding  dry  period. 
Such  heavy  downpours  may  not  come  more 
frequently  than  once  every  third  or  fourth 
season ;  and  it  is  not  infrequent  to  have  periods 
of  drought  of  seven  to  eight  months'  duration, 
which  affords  opportunity  for  the  removal  of 


sand  and  gravel  from  the  stream  bed  without 
interruption  by  high  water 

The  quality  of  sand  and  gravel  for  i 
struction  work  is  determined  by  freedom  from 
solubles  and  also  bj  the  degrei  ol  irregularity 
of  contour  of  the  particles,  sharp  edgi 
desirable.     The  solubles  are  eliminated    b) 
thoroughly  washing  the  sand  and   gravel  a1 
the  washing  plant.    As  the  geological  forma- 
tion in  this  locality  is  of  recenl   origin,  the 
second   qualification   is   supplied   by    na 
the  small  rocks  having  sharp  edges  in  dis- 
tinction to  the  smooth  and  well  rounded  sur- 
faces of  rocks  which  have  been  subject  to  a 
longer  period  of  water  wear. 

The  material  as  taken  from  the  creek  or 
arroyo  is  colloquially  known  as  "dirt"  or 
"bar  run"  and  in  various  parts  of  the  channel 
varies  in  compactness  and  in  the  proportions 
of  sand,  gravel,  and  boulders. 


Fig.  I.      Map  of  the  River  Rock  Gravel  Company's  Plant 
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<Jii  ei  ie  creek  bed  bj 

line  excavator.      Fr<  m   the 

caval  ing    machine    the 

ial    is    loaded    into    a    "grizzly"    car, 

arge   boulders   being   eliminated   in  the 

pri  cess  nf  loading.     This  car  is  hauled  by  an 

electric    locomotive    over   a    standard-gauge 

railroad  to  the  dumping  pi1   a1   the  washing 

From  the  dumping  pi1  the  material  is 

fed  onto  a  belt-line  conveyor  which  carries  it 

i     :  ig]  point  in  the  washing  plant. 

Upon  dropping  from  the  belt-line  conveyor, 

it  is  classified  as  follows: 

Large  material  for  gyratory  crusher  (3-in. 
grizzly). 

Medium  size  for  disc  crusher  (1^-in.  coni- 
cal screen). 

Balance  of  rraterial  for  conical  screens  and 
classification  in  storage  bins. 


i  I  i  Gravel  l  to  1'2  in. 

(2)  Gravel  y2  to  1  in. 

(3)  Gravel  34  to  ^  in. 
<  I     Sand  to  ,'.i  in. 

■".i   ( "rushed  rock  34  to  %  in. 
i  I'n  Crushed  rock  %  to  \%  in. 

(7)  Crushed  nuk  ]'(  to  I  :{.i  in. 

(8)  Cementing  road  gravel. 

The  mesh  of  the  firsl  conical  screen  is  l  •"'  jj  in. 
Everything  between  3  in.  and  about  \]/2  in. 
mto  a  bin  to  be  fed  into  disc  crushers. 
The  material  from  the  crushers  is  fed  back 
onto  the  main  belt  if  larger  than  1%  in.  and 
into  bins  if  smaller.  Water  spray  plays  on 
each  conical  screen  and  not  only  washes  the 
material  but  assists  in  moving  it  to  the  next 
revolving  screen. 

All  materials  from  the  washing  plant  are 
loaded  into  standard  gondola  cars  for  ship- 
ment or  for  storage.    These  cars  are  moved  by 


Fig.  2.      General  View  of  Tesla  Creek  Channel,  showing  Electric  Drag  line  Excavator  in  the  Foreground,  Rail- 

way  Running  to  Washing  Plant  in  the  Distance  and  Storage  Piles  in  the  Vicinity  of  Washing  Plant. 

The  flat  level  country  of  the  San  Joaquin  Valley  is  seen  in  the  background 


The  crushed  materials  from  the  gyratory 
and  disc  crushers  are  fed  onto  separate  belt- 
line  conveyors  to  independent  conical  screens. 
This  conveyor  system  is  so  arranged  that 
materials  from  any  of  the  bins  in  the  main 
washing  plant  may  be  fed  onto  the  belt  for 
mixing  purposes  from  the  bottom  or  ground 
level  of  each  bin.  The  mixed  material,  or 
crushed  rock,  can  then  be  discharged  directly 
into  bins  for  loading  on  cars  for  storage  or 
shipment;  or  the  crushed  rock  may  be  fed 
back  onto  the  main  belt-line  conveyor  for 
processing  and  to  the  appropriate  bin  in  the 
main  washing  plant. 

The  assortment  of  finished  materials  is  as 
follows,  being  determined  by  the  perforations 
in  the  conical  screens : 


an  electrically  operated  locomotive  crane  to 
the  main-line  track  for  shipment  or  to  the 
storage  piles  where  they  are  unloaded  by  the 
crane.  The  crane  also  serves  to  load  cars 
from  the  storage  piles  for  shipment . 

Electrification  of  Haulage  System  and  Crane 

With  the  increasing  price  of  fuel  oil  and 
the  statements  of  the  best  authorities  that 
no  great  reduction  in  price  could  be  looked 
for,  the  fact  that  electric  power  was  giving 
uniform  satisfactory  results  on  the  main 
drives  of  the  washing  plant  and  that  power 
was  available,  led  to  the  electrification  of  the 
locomotive  and  crane  which  makes  this  a  100 
per  cent  electric  plant.  Cnder  steam  opera- 
tion  considerable   trouble    had   been  experi- 


ELECTRICAL  OPERATION  OF  THE   RIVER   ROCK  GRAVEL  COMPANY 


82] 


enced  from  shut-downs  and  expensive  repairs 
had  been  caused  by  bad  boiler  water  and  the 
scarcity  of  skilled  labor  during  the  war  |  h 

General  Scheme  of  Power  Distribution 

Three-phase,    60-cycle,    17,000-volt    power 

is  purchased  from  the  Sierra  and  San  Fran- 
cisco Power  Co.  A  bank  of  three  single 
transformers  steps  down  the  incoming  . 
to  2300.  At  this  distributing  voltage,  lines 
run  to  a  portable  .bank  of  transformers  on  a 
truck  which  serves  440-volt  power  to  the 
drag-line  excavator  that  at  some  future 
time  may  operate  as  far  as  one  mile  from 
the  washing  plant.  The  line  from  the  port- 
able transformer  bank  to  the  drag-line 
excavator  is  carried  in  a  flexible  water-proof 
armored  cable.  The  electric  shovel  has  a 
bank  of  2300,  400-volt  transformers  as  a  part 
of  its  equipment.  Three-phase  power  at  2300 
volts  is  also  supplied  to  the  motor-generator 
station  for  providing  direct-current  power 
at  600  volts  to  the  third-rail  haulage  system. 

Third-rail  System 

Even-  known  system  of  haulage  was  care- 
fully studied  and  the  600-volt  direct-current 
third-rail  contact  system  was  adopted  as 
being  the  best  suited  to  meet  the  local  con- 
ditions. 

The  first  condition  prescribed  by  the  plant 
operators  was  that  no  overhead  ol  structions 
would  be  permissible  as  the  drag-line  excava- 
tor would  be  required  to  operate  at  any  point 
on  the  haulage  system  in  the  channel  and  the 
locomotive  crane  would  operate  at  any 
point  in  the  washing  plant  yard  and  on  the 
shipping  spur  and  car  storage  tracks.  The 
booms  of  both  equipments  require  an  un- 
obstructed sweep  from  both  sides  of  the 
tracks  and  over  them. 

The  fact  that  considerable  discarded  track 
rail  was  available  for  the  construction  of  the 
third-rail,  and  that  overhead  clearance  was 
reauired  for  gravel  handling  equipment  as 
well  as  loading  cars  from  chutes  at  the  wash- 
ing plant  bins,  made  this  choice  of  contact 
system  the  logical  one.  The  results  of 
experience  have  shown  this  system  to  be 
an  extremely  simple  one  to  install  with 
ordinary    track    labor. 

As  soon  as  it  was  decided  to  electrify,  the 
track  gang  was  instructed  to  replace  every 
fifth  tie  by  one  a  foot  longer  than  used  for 
standard  gauge.  The  third-rail  was  located 
26|  i  inches  from  the  gauge  line  of  the  adjacent 
running  rail  and  (i  inches  above  it.  This 
location   gives   a   liberal    clearance   from   the 


standard  main-line  equipment  which  is 
and  shipment   <<i  materials. 
the  track  ballasl  i  ,en  or 

eight  months  may  elapse  without   rain,   the 
hazard  from  contact   bj    workmen  is  greatly 
reduced.     Suitable   protection   has   been   in- 
stalled a!  po  ril  yrard  and 
at  the  dumping  pits.    As  main-line  trail 
occasionally    switch    in    the    plant    vard,    an 
tie  section  switch  is  pp.  vard 
limit,  and  the  third-rail  so  sectionalized 
the  portion  of  track  over  which  such   i 
are  switching  may  be  di   enei 

As  the  drag-In tv;  working  pro- 

gressively up  the  creek  channel,  the  contact 
system  lends  itself  readily  to  extension.  The 
excavator  prepares  the  track  roadbed  The 
track  gang  lays  the  ties,  track,  and  installs 
the  third-rail  insulators  on  extended  ties. 
The  train  crew,  consisting  of  locomotive 
operator  and  brakeman,  mounts  the  third- 
rail  en  blocks  and  installs  temporary  bonds. 
Time  is  given  for  this  work  while  the  dra 
excavator  is  loading  the  grizzly  car. 

The  locomotive  is  provided  with  a  reel  and 
200  feet  of  cable  which  extend  the  operating 
zone  of  the  loading  point  200  feet  beyond  the 
end  of  the  third-rail.  The  use  i  f  the  cable  also 
makes  it  unnecessary  to  in. tall  third-rail  in  the 
vicinity  of  the  loading  point  where  large 
boulders  falling  from  the  grizzly  car  might 
damage  the  insulators,  the  third-rail,  or  its 
protection  in  the  vicinity  of  grade  crossings. 

At  storage  piles  it  is  found  advisable  to 
install  bulkheads  about  18  inches  above  the 
roadbed  to  prevent  the  spilling  of  materials 
against  the  third-rail.  This  protection  also 
makes  it  easier  for  the  crane  operator  to  load 
materials  from  the  storage  piles  to  the  cars  as 
it  acts  as  a  guard  to  prevent  the  bucket  from 
grounding  the  third-rail  when  material  is 
being  picked  up  from  a  point  close  to  rail. 

As  the  maximum  distance  of  haulage  to 
the  washing  plant  was  uncertain  at  the  time 
the  svstem  was  being  designed,  as  consider- 
able light  rail  might  be  used  in  the  third-rail 
construction,  and  as  temporary  bonding  or 
no  bonds  on  either  running  or  third-rail 
might  have  to  be  resorted  to  at  times 
highest  practical  direct-current  voltage  adapt- 
able to  the  required  locomotive  and  crane 
equipment  w;  ed;  viz.,  600  volts. 

Electric  Drag-line  Excavator 

The  electric  drag-line  excavator  is  equipped 
with  a  l^-yard  bucket,  a  95-h.p.  hoist  motor, 
a  50-h.p.  swing  motor,  and  a  manual  remote- 
control  panel.    Bo  ire  of  the  3-phase 
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60-cycle  440-volt  variable-speed  type.  This 
equipment  has  been  in  almosl  continuou 
service  for  seven  years,  lis  radius  oi  opera- 
tion, and  its  flexibility  in  handling  and  load- 
ing material  is  very  much  greater  than  is 
possible  with  a  shovel-type  excavator. 

Grizzly  Car 

The  grizzly  car  is  a  standard  gondola  with 
a  super-structure  on  which  are  mounted 
inverted  sections  of  56-lb.'  T-rails.  The  rails 
are  placed  at  an  angle  of  approximately  4."> 
degrees  with  the  horizontal,  and  the  clearance 
distance  between  rails  is  about  seven  inches. 
This  clearance  is  determined  by  the  largest 
boulders  which  may  pass  through  the  gyra- 
tory crusher.  The  car  has  a  capacity  of  about 
50  tons  of  gravel. 

Electric  Locomotive 

It  was  difficult  to  prescribe  a  definite  sel  of 
service  conditions  for  the  electric  locomotive 
that  was  to  haul  the  grizzly  car  between  the 
drag-line  excavator  and  the  washing  plant. 
The  track  conditions  might  be  mucky  and 
the  spill  from  loaded  cars  might  accumulate 
on  the  rails  so  as  to  block  the  movement  of 
loaded  cars  during  the  critical  periods  of 
acceleration.  The  length  of  haul  and  the 
grades  might  exceed  those  prevailing  at  the 
time  the  original  study  was  made  to  ascertain 
the  proper  locomotive  equipment.  The 
isolated  location  of  the  plant,  and  the  fact 
that  no  reserve  locomotive  would  be  avail- 
able, led  to  the  adoption  of  conservative 
capacities. 

The  locomotive  selected  is  of  the  12-ton 
56j/£-in.  gauge  single-truck  type  and  is 
equipped  with  two  65-h.p.  motors,  controllers, 
combined  straight  and  automatic  air-brake 
equipment  with  an  air  compressor  having  a 
capacity  of  15  cubic  feet  of  free  air  per  minute, 
cable  reel  and  automatic  reeling  equipment 
including  200  feet  of  single-conductor  cable, 
two  third-rail  shoes,  and  other  necessary 
auxiliaries. 

An  air  hose  is  arranged  on  the  brake  system 
of  the  locomotive  to  permit  of  ready  cleaning 
from  time  to  time.  When  the  wind  conditions 
are  such  as  to  blow  dust  on  the  locomotive 
when  the  grizzly  car  is  being  loaded,  the  loco- 
motive is  uncoupled  and  moved  a  short 
distance  away. 

The  present  length  of  haul  from  the  drag- 
line excavator  to  the  washing  plant  is  so  short 
as  to  permit  of  the  locomotive,  in  its  layover 
time,  moving  cars  in  the  washing  plant  yard. 
This  sen-ice"  was  previously  performed  by  a 


motive  crane  ;it  tl  '     low 

■  miles  per  hour.     The  quick- 
ened service  afforded  bj   the  eld  ■ 
tive  pet  i  use  being  made 

"i   the  electrified  crane  for  loading  and  un- 
loadin] 

Electric  Shovel 

The  electric  shovel,  used  occasionally  to  dig 
ial  grade  ol  road  gra^  el,  is  equipped  with 
a    2H-yard      bucket,     2300   WO-volt     ti 

formers,  and  60  c;  cli 
<>i    the   following  capacities:  hoist 
115   lip      en  ■•>  I    mi  itor  50   h  p.;  and 
m.  -I  i  ir  50  h.p. 

Direct-current  Substation 

The  (lireet-eurvrni     mbstation    contaii 
100-kw.    motor-generator     set     consistinj 
a     2300-voll      3-phase     60-cycle     indui 
motor    direct    connected    and    mounted    on 
same    base  with    a   100-kw.  600-volt    direct- 
current  generator.     The  set  is  controlled  from 
a  panel  having  the  necessary  instruments  and 

Swit    lies. 

Locomotive  Crane 

The  locomotive  crane  has  been  converted 
from  steam  to  electric  operation  and  is  used 
for  moving  cars  in  front  of  the  loading  chutes 
of  the  washing  plant,  for  loading  and  unload- 
ing cars  at  the  storage  piles,  and  for  mo 
cars  from  the  washing  plant  yard  to  the  main- 
line spur  for  shipment. 

In  studying  the  plans  for  the  electrification 
of  this  steam  operated  crane,  the  problem  re- 
s  lived  its. If  into  the  following  features: 

The  actual  work  required  of  the  crane  and 
locomotive  functions. 

The  mechanism  of  the  crane  ami  methods 
of  operation. 

The  dismantling  of  the  steam  equipment 
to  be  discarded. 

The  selecting  of  appropriate  motors  and 
control. 

The  locating  of  the  motors  and  control 
equipment. 

The  locating  of  the  connecting  shaft  be- 
tween the  motor  and  the  crane  main 
driving  shaft. 

The  determining  of  the  gear  ratio  between 
the  motor  armature  and  the  main  driving 
shaft  of  the  crane  mechanism. 

The  mounting  of  collector  rings  on  the 
crane  turntable  and  the  running  of  power 
circuits  from  the  third-rail  shoes  to  the 
collector-ring  brushes. 
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The  providing  of  an  air  supply  for  use 
■   th  tfo   old    beam  br;  cnent. 

The  reballasting  of  the  crane  turntable  to 
compensate  for  tl  in  weight  and 

:  he  equipment. 

Performance 

following  conditions    were 

decided  upon  as  being  typical,  after  actual 
,      wen-    made    and    conservative 
averages  determined. 

The    spotting    of    three    standard    gondola 
cars  with  a  trailing  load  averaging  83  tons 


Fi*.  7.      Locomotive   Showing  Operation  of  Cable  Reel   and 

Method    of    Operating    Electric    Locomotive    for 

Distance  of  200  Feet  Beyond  the  End 

of   Third  Rail 

total  and  a  maximum  of  1G.5  tons  total  at  a 
speed  of  one-half  mile  per  hour;  the  train  to 
move  70  feet  maximum  at  this  speed  in  one 
direction  and  then  return;  and  this  operation 
to  be  repeated  with  power  on  for  10  seconds 
and  off  30  as  an  average  condition.  The  load- 
ing and  spotting  of  the  three  cars  will  take 
from  30  to  40  minutes.  The  train  will  move 
on  a  level  tangent  track  in  good  condition. 
The  loaded  cars  will  then  be  moved  about 
100  feet  on  level  tangent  track  at  a  speed  of 
one  mile  per  hour.  The  locomotive  crane  will 
be  uncoupled  and  will  give  the  cars  a  slight 
push,  after  which  they  will  run  down  grade 
coasting  for  a  distance  of  500  feet  to  the 
main-line  railroad  shipping  point. 


Am >t her  class  of  sen-ice  is  the  moving  of 

'als  from  hunkers  to  -.In 

this  case  one  or  two  ears,  averaging  •">.">  tons 

and  a  maximum  of  110  tons  during  spotting, 

will  In 

that  the  time  for  spotting  and  loading  will  be 
reduced  l'h  to  25  minutes.  The  distance  which 
the  cars  move  during  spotting  and  loading 
w  ill  be  the  same,  i.e.,  71 1 

After  loading,  the  train  will  move  about 
100  feet  on  level  tangent  track  at  a  speed  of 
one  mile  per  hour  and  then  down  a  one-half 

nt  grade  of  tangent  track  at  a  spc 
exceeding  two  miles  per  hour. 

Upon  arrival  at  the  storage  piles  the  crane 
and  bucket  feature  go  into  action  and  the 
following  typical  cycle  of  duty  is  performed: 

Bucket  with  maximum  load 11 ,200  lb. 

Bucket  with  average  load 9000  lb. 

Lifting  speed 115  ft.  jer  min. 

Average  distance  lifted 18  ft. 

Closing  of  bucket  on  load 8  sec. 

Returning  of  bucket 10  sec. 

Dumping  load 4  sec. 

Average  swing  of  boom 45  deg. 

Average  direct-current  voltage  .  .  550  volts 
Average    weight    of    material    in 

cars  to  be  unloaded 40  tons 

After  the  cars  are  unloaded  they  are  moved 
back  up  the  \l/i  per  cent  grade  for  a  distance 
of  500  feet  at  a  speed  of  1  to  \l/2  miles  per 
hour,  and  the  spotting  and  loading  operation 
is  repeated.  There  is  a  15-minute  average 
layover  between  the  cycles  of  duty  described, 
although  this  may  be  as  low  as  five  minutes 
for  a  ten-hour  day  and  longer  when  plant 
conditions  are  normal. 

Crane  Mechanism 

The  original  steam  equipment  of  the  loco- 
motive crane  included  a  two-cylinder  (10-in. 
bore,  10-in.  stroke)  engine  having  an  original 
rating  of  100  h.p.  at  300  r.p.m.  and  a  60-h.p. 
boiler  at  125  lb.  per  sq.  in.  but  operating  at 
an  average  pressure  of  90  lb.  per  sq.  in. 
The  ratio  between  the  engine  drive  shaft  and 
the  truck  axle  was  6}A  to  1. 

As  the  steam  engine  was  non-reversible, 
the  reverse  operation  of  the  various  crane  and 
locomotive  functions  was  accomplished 
through  clutches.  The  "tag  line"  drum  was 
mounted  on  a  friction  which  must  revolve 
in  only  one  direction  to  keep  a  steadying 
pull  on  the  line  running  to  the  bucket  frame. 
AVhen  planning  the  electrification,  a  non- 
reversible control  was  adopted  so  that  no 
change  in  the  handling  of  the  clutches  would 
be  made  to  confuse  the  operator.  The  only 
change  in   the  operating  mechanism   of   the 
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original  equipment  was  in  the  di 
main    driving    shaft.       The    original 
had    an    extension    beyond    the    supporting 
bearings  for  crank  pms.     The  replacing 
is  similar  in  all  respects  inside  the  beai 
the  shaft  extension  on  one  end  being  elimi- 
nated while  the  extension  on  the  other  end 
has  a  seat  for  the  bevel  gear  which  rm 
with  the  pinion  on  the  connecting  shaft  that 
is  geared  to  the  back  shaft  of  the  motor. 

The  removal  of  the  engine,  boiler,  oil  and 
water  tanks,  and  steam  piping  provided  a 
liberal  space  for  the  installation  of  the  electri- 
cal equipment  and  the  mechanical  connections 
between  the  motor  and  crane. 

Selection  of  Motor  and  Control 

A  series  motor  and  semi-automatic  control 
was  adopted  as  being  the  most  suitable  for  the 
overall  performance  of  the  crane.  While  it 
was  appreciated  that  it  would  be  possible 
for  the  operator  to  unclutch  the  load  from  the 
motor  while  the  power  was  on,  this  con- 
dition was  not  considered  to  be  serious  because 
the  motor  would  be  permanently  tied  in  to 
the  back  shaft,  the  connecting  shaft,  the 
main  crane  driving  shaft,  which  in  turn  is 
permanently  geared  to  all  the  clutch  shafts. 
The  noise  of  this  gearing  when  racing  would 
give  an  audible  warning  in  the  event  that 
full  voltage  was  applied  to  the  motor  without 
clutched  load.  The  identical  principle  had 
applied  to  steam  operation  and  the  handling 
of  the  throttle.  The  motor  is  equipped  with 
a  speed-limit  switch  which  opens  the  control 
circuit  and  drops  out  all  the  power  contactors 
when  the  armature  attains  a  speed  15  per  cent 
over  that  at  rated  horse  power. 

The  control  equipment  is  arranged  to  give 
positive  power  on  the  first  and  second  notches. 
If  the  controller  is  moved  beyond  to  the 
third,  fourth,  and  fifth  notches,  additional 
contactors  will  not  come  in  until  the  current 
has  fallen  to  a  predetermined  point  on  each 
notch.  The  current  relays  on  the  contactors 
controlling  the  automatic  points  are  adjust- 
able over  a  wide  practical  range.  If  the 
circuit  breaker  trips,  it  is  automatically  reset 
by  moving  the  controller  to  the  "off"  posi- 
tion. The  controller  is  mounted  so  that  the 
handle  is  in  practically  the  same  position  as 
the  old  steam  throttle. 

Location  of  Motor  and  Control  Equipment 

As  the  boiler  and  fuel  tanks  occupied  a 
greater  space  than  is  required  by  the  motor 
and  other  electrical  equipment,  the  main 
point  in  determining  the  layout  was  to  place 


in  the  cab  und.  i 
as  po    ibl 
balaiv 

access  for  inspection  and  maintenai 
make  the  floor  plan  as  spacii  n 

Since    without    i  i  the 

to 
shaft,  a  connei  ,  l  making  it 

ble  to  place  th    mi 
venienl  location. 

Gear  Ratio 

The  electrification  i  A  the  locon 

was    worked    oul    in    conjunction    witl 


Fig.  8.      Electric  Locomotive  Crane  Moving  Cars  for  Loading 
in  Front  of  Washing  Plant  Chutes 

original  designers,  they  advising  the  la 
of  the  connecting  shaft  and  bearings,  and  the 
location  of  the  motor  feet  to  the  underframe 
members.  The  gear  reduction  from  the 
motor  to  the  back  shaft  and  the  main  driving 
shaft  of  the  crane  was  also  determined  by 
them,  after  a  careful  study  of  the  energv  and 
speed  of  the  main  shaft  required  to  fulfill 
the  sendee  conditions.  It  was  the  duty  of 
the  motor  and  control  designers  to  calculate 
the  energy  at  the  bucket,  turntable,  and 
locomotive  axles,  and  upon  the  assumption 
of  mechanical  losses  back  to  the  motor,  check 
this  energy  against  the  characteristic  of  the 
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ted  and  the  energy  it  is  capable 

deln  i  :  ing  al  \  arii  >u     peed 

The  ge;  reducl  ion  from  the  motor  to  the 
back  sh;  I.     The  bevel  pinion  on  the 

back  shaft  has  2  1  teeth  driving  to  a  24-tooth 
on  the  motor  end  of  the  connecting  shaft. 
The  pinii  n  <  m  the  crane  end  of  the  conncel  ing 
shaft  has  31  teeth  and  the  gear  on  main 
driving  shaft  has  17  teeth  bevel  gearing.  The 
diameter  of  the  connecting  shaft  is  3}  ■>  inches. 
A  bearing  and  thrust  collar,  is  mounted  al 
each  end  oi  th   connecting  shaft. 

Turntable  Collector  Rings  and  Brushes 

Two  cast-iron  collector  rings  and  suitable 
brushes  were  installed  to  complete  the  circuits 
from  the  third-rail  shoes  to  the  revolving  turn- 
table. The  rings  were  mounted  on  simple 
wood  supports  on  the  main  or  stationary 
underframe  of  the  crane  and  in  a  position 
concentric  to  the  center  post  or  support  of  the 
crane  turntable.  The  brushes  were  mounted 
on  the  turntable.  The  collector  rings  and 
brushes  are  similar  to  those  furnished  with 
locomotive  crane  equipment  made  originally 
Eoi  i  lectric  operation.  There  are  two  steel- 
spring-actuated  brushes  or  shoes  per  ring, 
located  at  points  diametrically  opposite,  so 
that  any  tilting  of  the  turntable  incident  to 
operation  will  not  break  the  connection. 

Air  Supply  for  Brakes 

As  the  crane  was  originally  operated,  steam 
was  used  for  braking  purposes.  Compressed 
air  on  the  renovated  equipment  is  furnished 
by  an  electrically  driven  air  compressor  hav- 
ing a  capacity  of  ten  cubic  feet  of  free  air 
per  minute,  and  rated  for  45-minute  operation 
per  hour  at  600  volts.  An  electric  governor 
switch  cuts  in  the  compressor  at  65  pounds 
and  out  at  75  pounds  per  square  inch.  An  air 
reservoir  and  whistle  are  also  provided.  The 
•original  steam  brake  valve  and  piping  is 
retained. 

Plant  Operation 

An  observer  on  the  top  of  the  washing 
plant  watches  the  height  of  the  various  grades 
of  material.  The  bins  are  numbered  and 
when  full  a  large  number  is  displayed  at  a 
conspicuous  place  for  the  information  of  the 
yard  gang.  Empty  cars  are  then  brought  to 
the  proper  chutes,  are  loaded,  and  moved 
to  the  storage  piles  and  unloaded  or  the 
material  held  in  the  car  for  shipment. 

The  comparatively  short  period  of  opera- 
tion of  these  equipments  by  electricity 
prevents  an  extended  analysis  and  com- 
parison with  previous  steam  operation,  but 


the  period  has  been  sufficiently  long  to  make 
apparent  the  advantages  in  favor  of  electrical 
operation. 

A  survey  of  the  plant  failures  when  the 
locomotive  crane  and  the  locomotive  were 
i  operated  shows  that  the  slackening 
in  the  plant  output  and  the  chief  cause  of" 
overtime  were  directly  attributable  to  boiler 
and  steam  equipment  trouble.;.  Since  the 
complete  equipment  has  been  electrically 
operated,  no  delays  have  occurred  which  could 
be  attributed  to  electrical  failures  and  no 
overtime  has  been  necessary  for  which 
electrical  failures  were  responsible.  The 
hostling  of  the  locomotive  crane  and  loco- 
motive has  also  been  completely  eliminated 
Without  regard  to  the  time  of  day  or  night 
that  it  might  be  desirable  to  start  up  the 
plant,  no  preparation  now  has  to  he  made  so 
far  as  power  requirements  are  concerned. 

The  operators  of  the  locomotive  crane  and 
locomotive  are  highly  pleased  with  electrical 
operation.  In  hot  weather,  which  attains 
extreme  temperatures,  the  comfort  of  the 
operator  is  increased.  There  are  no  gauge 
glasses  or  boiler  to  need  attention.  A  given 
controller  position  always  produces  similar 
power  conditions.  When  steam  was  used, 
the  operators  were  constantly  kept  on  their 
nerve  by  the  continual  rising  and  falling  of 
the  pressure  necessitating  their  "feeling"  for 
the  load  by  manipulation  of  the  throttle.  This 
advantage  of  electri<  itj  over  steam  is  particu- 
larly noticeable  on  the  steam  locomotive  crane 
where  the  operations  of  swinging,  closing 
bucket,  lifting  and  swinging,  and  swinging 
and  lowering  are  carried  on  in  rapid  succession 
and  some  of  the  operations  simultaneously 
in  which  case  the  operator  puts  his  controller 
on  a  given  point,  removes  his  hand,  and  is 
thus  allowed  two  hands  to  operate  the 
clutches  and  brakes.  Experience  has  shown 
the  proper  point  on  the  controller  for  each 
operation  and  they  follow  in  rapid  succession. 

The  elimination  of  stand-by  losses  is 
important.  In  variable  load  work,  with  coal 
or  oil  as  fuel  and  where  the  operator  cannot 
give  his  undivided  attention  to  boiler  pressure 
and  feed  water,  the  natural  tendency  is  to 
always  play  safe  and  "have  her  blow  off" 
rather  than  be  handicapped  by  low  boiler 
pressure.  Oil  firing  lends  itself  to  variable 
steam  demands  better  than  coal,  but  even 
with  oil  fired  locomotives  and  cranes  it  is  safe 
to  say  that  fifty  per  cent  of  the  fuel  is  burned 
in  maintaining  the  boiler  pressure  when  not 
needed  for  actual  operation.  Prior  to  electri- 
fication, oil  was  burned  at  the  rate  of  2.TS  bbl. 
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(10,000  gal.)  per  month,  the  oil  costing  $1.70 

per  bbl. 

Data 

Electric  locomotive  supplanted  the  steam 
locomotive  February  20,    L919. 

Electric  crane  equipment  supplanted  the 
steam  crane  equipment,   May  27.    L919 

Overtime  for  hostling  steam  locomotive 
and  crane: 

2    hours    per    day    for    locomotive     at     $0.55 

per  hour ji.m 

1  hour  per  day  for  crane  at  $1.00  per  hour..     1.00 

$2.10 

This  hostling  charge  amounted  to  $.">-l  tin 
per  month  or  $655.20  per  annum. 
Washing  out  locomotive  boilers 

and  cleaning  flues  (estimated)  $20.00  per  month 
Washing  out  crane  boilers  and 

cleaning  flues  (estimated) ....   $20.00  per  month 
840.00 

This  charge  amounted  to  $480.00  per 
annum. 

Saving  per  annum  by  eliminating  fuel  oil.  $4048.00 
Saving  per  annum  by  eliminating  hostling.  655.20 
Saving  per  annum  by  eliminating  washing 

and  flue  cleaning 480.00 

Total $5T83.20 

The  details  of  actual  maintenance  costs  of 
the  steam  locomotive  equipment  have  not 
been  kept  but  some  of  the  features  of  main- 
tenance may  be  used  as  an  index  to  the  con- 
ditions. 

Retubing  of  locomotive  boilers $400.00 

Retubing  of  crane  boiler $500.00 

Loss  of  time  of  locomotive  and  crane  equip- 
ment when  taking  fuel  and  water  was  1  J-^hours 
in  IS  machine  hours. 


Conclusion 

A   knov  ledge  i  this 

dass  ol  electrical  equi] il 

makes  it  safe  to  assume  that  for    i 

to  come  the  maintenance  will  be  limit 

the  fi  >lli  iv  ing : 

Brake  shoe  mail    i 

Brush  and    mall  ele<  I  <  i  .vals. 

Journal  brass  and  m<  wals. 

Miscellaneous  renewals  sui 
cent  lamp 

Concerning  the  matti  r  of  open 
Mr.  A.   I).  Schindler,  i 
the  properl . .  furni  he    the  folio  ■  mj   ii 
ing  information: 

"During   the 
L919  to  March,   1920,  inclusive,  wine],  ■ 
is  fairly  representatr  e  ol  general  re 
plant  manufactured  67,420  tons.     The  total 
power  bill  for  that  pen.nl  coverinf 
operation  was  $1,510.43,  a  unit   cosl   of    2  21 
cents    per   ton.      During    the    corresponding 
period    of   the    previous    year   the    bill 
power,     fuel     oil,     and     locomotive     repairs 
amounted  to  $3,028.88.     No  record  wa 
of    the    tonnage    manufactured    during    this 
time.      The    assumption    is    made.    how< 
that  the  tonnage  was  the  same  as  that  o 
year  following,  on  which  basis  the  unit  cost 
for  power  would  be  4.5  cenl  Tacti- 

cally twice  that  of  the  later  period.     A     a 
matter   of   fact,    the    production    durinj 
earlier  period  was  probably  eonsiderabl 
titan  is  assumed,  wh'vh  would  raise  the  unit, 
cost  to  a  still  higher  figure." 
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A  Transition  Period  in  Radio  Communication 

PART   I 

By  A.  F.  Van  Dyck 

Radio  Engineering  Department,  Generai   Ele<  ikk  Company 

Radio  development  has  advanced  by  a  scries  of  steps  rather  than  by  a  steady  progress.    The  present  transi- 
ults  from  the  appli  n  iparatively  recent  inventions  and  improved  methods  which  have 

eneral  scope  of  the  art  to  a  heretofore  undreamed  of  degree,  have  made  wireless  telephony  prac- 
tical, and  have  placed  radio  at  last  on  a  reliable  basis  of  operation  by  displacing  from  the  equipment 
those  elements   whicl  erratic    m    behavior.      In    the   Erst   installment   of  this   article,    which 

is  based  upon  a  paper  delivered  by  the  author  before  the  Pittsburgh  Section  of  the  A.I.E.E.,  these  - 
developments  are  described.     In  the  next  and  concluding  installment  are  explained  their  effects  upon  the 
several  divisions  of  radio  communication,  the  conditions  in  each  as  they  stan  1  to  lay,  and  the  possibilities  when 
■•   epoch  is  firm  A.  —  Editor. 


Arts  and  sciences  usually  develop  in  such 
manner  that  their  progress,  when  reviewed, 
arently  divided  into  well-defined  epochs, 
each  of  which  has  been  terminated,  and  the 
next  begun,  by  some  radical  discov.  i 
change  in  line  of  thought.  Naturally  when 
arts  are  young,  these  epochs  are  short  in  time 
of  duration.  In  radio,  in  its  single  score  of 
years,  we  can  number  four  epochs  to  date 
Cne  of  the  valuable  characteristics  of  the 
last  epoch  is  that  interest  in  radio  has  led  to 
considerable  familiarity  with  its  principles 
and  practice  on  the  part  of  all  electrical 
engineers.  This  will  be  taken  advantage  of  in 
this  article  to  describe  recent  technical 
advances  in  radio  apparatus  which  have 
brought  about  another  epoch  in  this  new 
branch  of  the  electrical  industry. 

The  past  epochs  may  be  characterized  as 
follows:  First,  Marconi's  simple  apparatus 
with  vertical  aerials  and  series  spark  gap,  and 
on  the  receiving  end,  the  coherer;  second,  the 
introduction  of  coupled  circuits  and  the  use  of 
syntony,  the  use  of  alternating  current  for 
supply  power,  and  electrolytic  and  mineral 
tors;  third,  the  rotary  spark  gap  together 
with  the  advantageous  increase  in  supply 
frequency    I  cles;    and    fourth,    the 

auenched  gap,  arc  transmitters,  vacuum-tube 
' <  irs.  In  the  twenty  years  of  radio 
practice,  these  four  epochs  average  five  years' 
time  in  duration.  In  other  words,  a  radical 
change  in  apparatus  has  occurred  every 
five  years.  This  is  important  to  notice,  not 
because  of  historical  in1  .  although 

an  appreciation  of  this  will  give  a  valuable 
round  to  the  picture  of  radio  pr<  i 

it   is  indicative  of  what  can  be 
•  he  future.    The  inventions  which 
brought  new  epochs  into  radio  were  not  made 
at  the  beginning  of  the  respective  epochs,  but 
were    .  the   first   ten   years  or  so. 

Their  full  realization  in  practice  however  was 


dependent  upon  a  gradual  appreciation  of 
their  merits,  as  we  never  find  the  general 
service  inception  of  a  new  principle  or  new 
device  until  a  considerable  time  after  its 
conception.  This  is  of  course  largely  due  to 
the  fact  that  commercial  factors  militate 
against  a  change  in  apparatus  too  often.  As 
it  is,  radio  equipment  is  replaced  more  quic1-  ly 
than  probably  any  other  form  of  electrical 
installation  because  of  its  rapid  improve- 
ment; and  the  longer  the  life  obtained  from 
an  equipment,  the  more  economical  will  be  the 
radio  maintenance  cost.  This  fact  receives 
little  consideration  from  the  radio  engineer 
usuallv,    since    he    is    anxious    to    see    every 


Fig.  1.      Typical  Ship  Ra 


of  Ten  Years  Ago 
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installation    brought    to    the   maximum 
ciency  made  possible  by  each   new  improve- 
ment and  is  not  directly  responsible  Eo 
economical  maintenance  of  service.     Furthei 
more,   many  users  of  radio  equipment,   not 
including   the   transoceanic   or   the   militai 
are  satisfied  with  equipment  which  fulfills  th  ■ 
minimum    law    requirements,    and    do    not 
demand    improvements    until    their    advan 
tages  are  demonstrated  very  clearly.     It  is  of 
assistance    to    consider    these    factors    when 


uses  oi    this    single  fertile  di  real! . 

man 

to  say  that  every  one  of  the  new  ; 
omplishment  is  .!• 

anothei    Oi    its  various  uses 

a   generator   of   radio 
quency   power   is   a    revolutionai 
ment,    ince  in  addit  ioi 

i 
itable  to  radio  t<  lephom       Radio 
telephonj    over  useful   di  tarn  e      up   ■■ 


Fig.  2.      Front  and  Hack  Views  oi  Two-kilowatt  Spark  Type  Ti 
Standard  for  Ships  for  the  Past  Eight  Years 


studying  the  effect  of  the  developments 
which  are  exerting  influence  at  the  present 
time. 

We  are  now  at  the  beginning  of  another 
epoch,  where  certain  radical  changes  are 
commencing  to  appear  in  general  service, 
which  will  upset  the  conceptions  of  the 
possibilities  and  general  economic  usefulness 
of  radio  that  were  becoming  familiar  to  and 
established  in  the  public  mind.  This  article 
will  attempt  to  point  out  and  discuss  some  of 
the  factors  in  this  change. 

Most  important  among  these  develop- 
ments is  the  three-electrode  vacuum  tube, 
which  has  profoundly  affected  every  branch 
of  radio  practice.     The  diverse  and  manifold 


time  of  this  discovery,  was  a  commercial  im- 
possibility simply  because  all  the  metho  : 
production    of    continuous     radio-frequem 
power  were  not  adapted  by  any  known  m 
to  speech  control  by  microphones,  which  has 
been   the   only    practical    means   up    to   the 
present  for  transforming  sound  i  i 
electrical  energy.     Telephony  by   radio 
therefore  waiting  for  this  de1  so  to 

speak,  and  can  now  withoul  si  rious  technical 
handicap  enter  into  commercial  use  and 
development . 

In  addition  to  the  us  •  of  the  vacuum  tub 
a  radio-frequency  power  source,  there  is  its 
use    in    reception    as   a    detector,    that    ■ 

riergy 
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sonic  indicating  device  which  by  reason  of 
physical  limitations  is  a  low-frequency  or  di- 
n-rent device.  The  vacuum  tube  is  the 
bi  I  detector  known  at  present  because  it  is 
more  than  a  rectifier  as  were  previous  detec- 
tors,   being  more  like  a  relay   in  which  the 


Fig.  3.      Spark  Transmitter,  One-half  Kilowatt  Navy  Type, 
Used  on  Small  Craft  Such  as  Sub-chasers 


incoming  energy  controls  and  actuates  a  local 
source  of  energy.  This  fact  makes  it  at  once 
the  most  sensitive  detector  and  the  most 
stable. 

Also,  the  vacuum  tube  is  used  as  amplifier 
for  both  reception  and  transmission  purposes. 
In  this  application,  energy  obtained  from  a 
given  source  can  be  increased,  from  local 
sources,  by  millions  of  times.  Any  sort  of 
relay  is  an  amplifier,  but  the  point  of  im- 
portance  in  the  vacuum-tube  amplifier  is. 
first,  that  it  can  function  at  radio  frequencies 
without  any  time  lag,  and  second,  that  its 
inherent  lower  limit  of  sensitiveness  below 
which  it  will  not  function  at  all  is  extremely 
:<  impared  with  mechanical  and  other 
known  relays.  The  most  minute  electrical 
impulses  can  be  raised  to  useful  magnitude. 
This  is  naturally  of  great  aid  in  radio  recep- 
tion where  received  energy  is  so  very  small. 
The  vacuum-tube  amplifier  is  also  useful  in 
other  electrical   work    than   radio.      It   is   sure 


to  become  a  powerful  tool  of  the  scientist  for 

the  study  or  the  measurement  of  small 
electrical  forces,  and  will  certainly  bring 
advancement  in  many  branches  of  the 
electrical  field,  as  it  has  already  in  wire 
telephony  when  used  as  a  repeater.  Inciden- 
tally it  is  interesting  to  note  thai  u 
of  the  vacuum  tube  has  thrown  much  light 
on  the  study  of  the  theory  i  ty  and 

matter  in  general. 

In  summary  of  the  general  vacuum-tube 
innovations,  there  are  the  facts  thai  in  radio 
reception  it  is  a  better  detector  than  previous 
ones,  and  that  it  will  amplify  volumes  of  any 
frequency,  thereby  increasing  sensitiveness 
of  receiving  apparatus,  and  in  radio  trans- 
mission, the  provision  of  a  sustained  radio- 
frequency  generator  of  such  form  that  its 
output  can  be  interrupted  for  telegraph  trans- 
mission or  modulated  for  telephone  trans- 
mission by  simple  and  totally  effective 
methods. 

The  next  development  of  large  influence 
is  the  radio-frequency  alternator.  Although 
direct  generation  of  radio-frequency  voltage 
by  an  alternator  is  fundamentally  the  simplest 
way  of  obtaining  it.  many  years  had  to  be 
spent  in  development  work  to  solve  the 
mechanical  problems  involved  in  generators 
to  deliver  such  frequencies.  Happily,  these 
problems  have  been  solved,  and  the  Alexander- 
son  alternator  is  available  in  sizes  as  large  as 
are  necessary  for  transoceanic  communication. 
The  result  is  that  we  have  a  means  of  generat- 
ing radio  power  for  use  in  long-distance  work, 
which  is  free  from  the  objections  which 
applied  to  previous  methods.  The  alternator 
is  not  suitable  for  the  higher  radio  frequen- 
cies such  as  are  used  in  small  stations  for 
shorter  distances,  and  is  best  suited  to  the 
high-power  fixed-frequency  stations  where 
its  advantages  are  most  needed 

Other  types  of  alternators  than  the  direct 
type,  which  generate  a  fundamental  fre- 
quency of  a  few  thousand  cycles  only  and 
depend  upon  tuned  circuits  or  other  means 
for  exaggerating  a  harmonic  of  the  funda- 
mental frequency,  have  been  used;  but  the 
direct  type,  generating  the  frequency  which  is 
desired,  is  the  only  one  at  present  satisfactory 
in  all  respects.  It  is  probable  that  the 
Alexanderson  alternator  will  continue  to 
be  the  best  generator  for  high-power  work 
until  vacuum  tubes  of  large  output  are 
developed. 

Along  with  the  alternator  there  have  been 
developed  means  of  control  of  its  output  by 
ferro-magnetic  methods,    applicable   both   to 
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telegraphy  and  telephony.     This  control   in 
itself    is    an    important     addition     to 
practice. 

Next  we  conic  to  improvements  in  method 
of  reception.  The  first  major  factor  which  has 
contributed  to  these  improvemenl  is  the 
vacuum-tube  detector  and  amplifier,  which 
renders  reception  possible  under  conditions 
undreamed  of  a  tew  years  ago.  Whereas  in 
the  former  epoch,  antennas  hundreds  of  feel 
high  were  found  necessary  to  obtain  the 
required  received  energy  from  foreign  sta- 
tions to  operate  the  detector,  now  it  is  pos- 
sible when  no  stray  disturl  pances  are  present 
to  receive  transatlantic  signals  on  a  coil  aerial 
afoot  square.  So  that,  as  far  as  sensitiveness 
is  involved,  no  further  impri  ivement  in  radio 
reception  is  necessary  to  obtain  any  results 
which  may  be  reasonably  desired.  For  in- 
stance, in  experiments  to  demonstrate  this, 
signals  received  from  European  stations 
have  been  amplified  sufficiently  to  operate 
an  automobile  horn,  whereby  signals  can  be 
read  at  any  distance  to  which  the  horn  can 
be  heard.  .Similar  received  signal  energv 
has  been  so  disposed  as  to  actuate  high- 
power  transmitting  stations  in  this  country, 
so  that  the  operator  in  Europe  whenever  he 
pressed  the  key  operated  a  station  on  this 
side  and  heard  himself  sending,  his  signals 
having  crossed  the  ocean  twice. 

Unfortunately,  however,  sensitiveness  is 
not  the  only  requisite  to  satisfactory  radio 
reception.     It  will  be  noticed  that,  although 
these  ultra  sensitive  receiving  devices  have 
been  known  and  in  use  for  a  few  years,  it 
has  not  been  possible  to  reduce  materially 
the  power  which  is  used  in  transmission,  at 
least  over  large  distances.    This  is  due  to  the 
fact  that  "strays. "  sometimes  called ' '  atmos- 
pherics" or  "static,"  are  a  very  serious  factor 
in  reception.     The  second  improvement  in 
reception  lies  in  the  development  of  circuits 
for    the    reduction    of    strays,    and    in    these 
circuits    the    most    marked    departure   from 
former    technique    is    found.       The    general 
procedure    followed    in    the    several   systems 
developed  and  now  used  consists  in  the  use 
of  long,  low  antennas,  not  that  such  lengthy 
energy    collectors    are    necessary    from    the 
energy  standpoint  (as  shown  in  the  preceding 
statements)  but  because  the  fundamental  idea 
is    to    provide    an    energy    collector    whose 
dimensions  are  comparable  with  the  dimen- 
sions  of   the   wave   to    be   received.      Inter- 
ference    from     strays     is     the     determining 
factor    in    sizes    of    transmitters    today,    for. 
just   as   the   usual   electric   light   and   power 


i  ough 
1  s  to  mi  i  i  peak  demai   I  radio 

transmitter  compelled   to  ha   i  times 

tin'  power  which  would  lie  necessary  il 
interference  could  In-  avoided      Tin-   d 
i  hat    the    elimination    of    ii  I 


i  Tubes  of  Sizes  f: 
Power  Output 


5  to  250  Watt 


strays  is  the  most  important  fundamental 
radio  problem  today.  Its  complete  solution 
would  make  it  possible  to  communicate  with 
powers  a  hundredth  part  of  those  now  used; 
and  the  reduction  of  transmitter  pi 
necessary  would  decrease  the  interference 
produced  at  one  station  by  others,  and  fuller 
advantage  could  he  taken  of  the  extra- 
ordinary sensitiveness  of  receiving  apparatus 
as  it  is  today.  Powerful  amplification  alone 
does  not  answer,  for  the  most  troublesome 
types  of  strays  are  of  the  same  nature  as  the 
signals,  and  are  amplified  in  much  the  same 
proportion  as  are  the  signals.  This  ; 
lem  received  much  attention  in  the  earlv 
days  of   radio,    but   its  complex   and   difficult 
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characb  "•    and  a  ' 

of  hopi  Li  ami         radio  en]  ineers  was 

ei  ■nth-  the  work  done  b  t 
thai    the  problem  was  not 
hopeless.    In  this  respect  radio  is  at  the  sami 
stage   of   development    that   wire   telephony 


Fig.  5.      Radio  Set  for  Aircraft,  Vacuum  Tube  Transmitter 
and  Receiver  Combined  in  One  Unit 

passed  through  when  it  overcame  the  diffi- 
culties of  cross-talk.  Many  said  at  that  time 
that  it  would  never  be  satisfactory  to  install 
circuits  as  near  together  as  was  necessary 
to  meet  practical  installation  requirements, 
but  of  course  this  difficulty  has  been  overcome 
completely. 

The  causes  of  strays  are  not  thoroughly 
understood,  and  are  most  difficult  to  investi- 
gate because  strays  are  so  very  erratic  in 
behavior.  The  character  of  stray  interfer- 
ence is  complicated,  varies  from  month  to 
month,  day  to  day,  and  even  from  hour  to 
hour.  This,  in  addition  to  the  facts  that  the 
sense  of  hearing  must  be  relied  upon  mainly, 
and  a  repetition  of  conditions  cannot  be 
obtained  at  will,  makes  the  study  of  reception 
improvement  a  very  tedious  performance. 
The  complete  solution  of  the  problem  will 
cause  another  radical  change  in  radio  prac- 
tice which  will  probably  be  the  next  epoch 
in  the  art.  Improvement  is  being  obtained 
by  improved  detector  circuits  and  vacuum 
tubes,  and  it  seems  likelv  that  the  eventual 
elimination  of  strays  will  be  accomplished 
partly  by  the  form  of  the  antenna  and  partly 
by  the  form  of  the  detector. 

A  factor  in  the  recent  radio  advances,  and 
one  which  will  have  increasing  influence,  is 
the  entry  of  a  large  number  of  engineers  and 
scientists  into  radio  work  in  the  last  few 
years.  This  fortunate  occurrence  was  due  to 
the  war  and  would  probably  not  have  trans- 
spired  had  not  the  technical  innovations  which 


been  mentioned  been  made  just  at  the 
beginning  of  the  war.  The  technical  advances 
enormously  enlarged  the  military  application 
- '!  radio  and  it  was  required  that  radio  devices 
of  various  new  kinds,  based  on  the  new  dis- 
coveries, be  developed  and  manufactured  as 
quickly  as  possible.  Since  the  number  of 
engineers  occupied  in  radio  was  inadequate 
to  the  demand,  it  was  necessary  to  turn  to 
those  in  the  most  closely  allied  elei 
branches  for  assistance.  The  fascination  of 
radio — which  as  has  been  remarked  by  some- 
one, has  many  of  the  characteristics  of  a 
disease — has  been  felt  by  these  men,  and 
most  of  those  who  came  into  close  touch  with 
radio  work  during  the  war  retain  their  interest. 
Consequently  we  have  today  power  engi- 
neers, physicists,  and  research  investigators 
actively   engaged  in  radio.      The  result   has 


Fig.  6.      Vacuu 


been  the  application  of  new  lines  of  thought. 
giving  great  benefit  to  the  radio  art.  in  addi- 
tion to  the  large  and  sudden  increase  in  the 
number  of  technicians  engaged  on  its  problems. 

(To  bi  Continued) 


The  Largest  Electric  Steel  Furnaces 

By  J.  A.  Si 

Power  and  Mining  Engineering  Department,  Generai   Elei  rRii   Compani 

The  electric  steel  furnaces  described  in  this  article  repress  n-fold  increase  in  capacity 

commercial  electric  steel  furnace  placed  in  operation  in  thi    I  .  n  vears  ago      The  rapid 

in  the  size  and  number  of  installations  of  the  electric  furnace  is  due  to  the  superior  qualities  of  its  product 
is  obvious  from  the  fact  that  the  Charleston  electric  furnaces  are  charged  with  molten  metal  from  open  : 
furnaces  which  prior  to  the  introduction  of  the  electric  furnace  produo  d  the  highest  grades  ol 

available.     The  success  of  these  latest  and  largest  furnaces  justifies  us  in  predicting  that  we  shall  s.  .■ 
electric  furnaces  of  two  or  three  times  their  capacity. —  Editi  >r 


To  France  we  all  accord  the  honor  of  being 
the  birthplace  of  the  modern  electric  steel 
refining  furnace,  chieflv  through  the  work  of 
Dr.  P.  L.  T.  Heroult,  "but  the  United  States 
is  in  a  position  fully  as  well  established  in 
electric  furnace  development  and  application. 

The  tapping  of  the  first  heats  from  the  two 
40-ton  Heroult  steel  refining  furnaces  at  the 
U.  S.  naval  ordnance  plant,  South  Charleston, 
W.  Va.,  on  February  2,  1921,  marked  a  con- 
siderable step  forward  in  the  electrometal- 
lurgy of  steel  and  iron,  and  consequently  is  of 
great  interest  and  value,  not  only  to  the  elec- 
trical engineer,  chemist  and  metallurgist,  but, 
in  this  specific  case,  to  those  concerned  in  the 
manufacture  and  application  of  ordnance  and 
armor. 


In  the  early  days  of  electric  steel  fui 
development   there  were  conflicting  opi 

respecting    the    relative    merits    of    arc    and 
resistance    heating,    and    this    differeni 
opinion  continues  to  the  present  time.     The 
arc  furnace,  however,  steadily  demonsti 
its  superiority  for  general  work  and  soon  out- 
distanced  the  induction  furnace  in   number 
and  output.   This  relationship  may  be  changed 
in  the  future  for  special  applications,  a     I ! 
2-ton  furnace,  Fig.    11,  recently  completed  a 
run  of  555  heats  on  one  lining  at  the  Pitts- 
field  Works  of  the  General  Electric  Company. 
This  is  an  exceptional  performance,  specially 
when  we  consider  that  each  heat  consisted  in 
melting  high  silicon  steel  scrap    on  a  magne- 
site   lining;  but  as  the  desired  results  could 


Fig.  1.     The  Tv 


40-ton  Feroult  Electric  Furnaces  at  the  Charleston.  W.  Va.,  Naval  Ordnance  Plant. 
Furnaces  ate  ;hown  in  lilted  position  immediately  after  pouring 
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not   be  obtained   in   any   other   way   it    was 
o    follow    this   apparently    incon- 
Assuming   that    the 

1  wil  li  the  arc  furnace, 
theliiir  induction  furnace  is  consider- 

ably below  the  single  item  of  electrode  cost 
in  the  arc  furnace  while  the  figures  for  power 
consumption  arc  comparable. 

The  firsl  commercial  electric  furnace  in  the 
United  Stairs  for  melting  and  refining  steel 
was  a  single-phase,  4-ton  2-electrode  equip- 
ment installed  at  the  Halcomb  Steel  Company. 
Syracus  \  N    Y.,  from  which  the  first  heat  was 


years  of  operation,  the  generating  equipment 
1  by  a  500-kv-a.  transformer  tak- 
ing power  from  an  11,000-volt,  25-cycle  cir- 
cuit. Later  on  this  transformer  was  replaced 
by  a  '.'tin  kv-a.  transformer,  the  increase  in 
power  being  in  line  with  developments  up  to 
the  period  referred  to. 

The  original  Thury  regulator,  after  a  long 
1  of  successful  operation  succumbed  to 
the  wear  inevitable  in  a  steel  plant  and  was 
replaced  by  a  General  Electric  electrode  reg- 
ulator in  which  the  voltage  and  current  were 
both  used  to  control  the  electrodes.      It  is 


>arison  Between  Automatic  and  Hand  Control  of  Furnace  Electrodes.     Upper 
input  with  automatic  control  and  lower  curve  kilowatts  input  with  hand  con 


shows  kilowatt 


tapped  on  April  .">,  1906.  Other  important 
installations  of  the  Heroult  furnace  in  the 
United  States  were: 


interesting  to  note  that  Siemens  used  an 
automatic  regulator  in  his  experiments  of 
LS80,    recognizing    at    that    early    date    the 


Halcomb  Steel  Co. 
Illinois  Steel  Co. 
Carnegie  Steel  Co. 
U.  S.  Naval  Ordnanco  Plant 


4  tons 
15  tons 
2.i  tons 
40  tons 


Date  When  First  Heat  Was  Tapped 


April  5,  1906 
May  10,  1909 
November  17.  1916 
Februarv  2,  1921 


The  Halcomb  furnace  was  supplied  with 
power  from  a'liii-cycle.  single-phase,  General 
Electric  generator  driven  by  a  reciprocating 
<team   engine.      After   approximately   eleven 


necessity  of  eliminating  the  human  element 
in  controlling  the  power  and  allowing  the 
operator  the  fullest  benefit  of  this  source  of 
heat  in  his  metallurgical  operations.     Even 
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with  this  splendid  example  of  foresight,  there  as  higher  cost,   but   the   superiority   ol    the 

still  exist  those  who  believe  there  are  some  automatic   control   is  graphically   illustrated 

objections    against    automatic    control,    such  by  Fig.  2,  which  shows  a  wattmi 


ig.  4.       Experimental  St  erf  Furnace  Built  About   1907  by  the 

Research  Laboratory  from  Odd  Parts.      Th.s  furnace  had  a 

capacity   of   600   lb.    steel.      Two   8-in.    square   carbon 

electrodes  were  used,  and  power  input  amounted 

to  as  much  as  200  kw.  with  voltages  up  to  90 


Fig.  5.      The  Results  Obtained  with  the  furnace  or  r 

<o  Encouraging  That  the  Dc:ign  was  Improved  as 

in  This  Illustration.    Several  of  these  furnaces  r 

si  ill  in  use.  mainly  for  expe:imcntal  work 
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i 1  furnaces  of  the  same  design  making  the 
same  product,  the  upper  curve  showin] 
good  results  of  the  automatic  control  while  the 

r  shows  the  bad  results  of  hand  control. 
eral   electric  steel  furnaces  have   been 
built  ami  operated  at  the  Schenectady  V. 


-Fig.  6.     Two-ton  Three-phase  Electric  Arc  Furnace  Developed 

at  the  Schenectady  Plant  About  1908.     At  the  time  it  was 

the  largest  capacity  electric  steel  furnace  in  existence 

and  extensive  research  has  been  conducted 
in  the  development  of  satisfactory  control 
equipment,  transformers,  switches,  cables,  etc 
This  research  has  placed  the  Company's 
engineers  well  in  advance  of  commercial 
electric  steel  furnace  practice  and  they  were 
well  prepared  to  specify  and  design  the  elec- 
trical equipment  for  the  two  40-ton  Heroult 
furnaces  at  the  South  Charleston  naval 
ordnance  plant  when  the  order  for  this  equip- 
ment was  received. 

These  furnaces  are  operated  in  conjunc- 
tion with  two  75-ton  basic  open  hearth  fur- 
naces using  natural  gas  of  950  KM  in  B.t.u.. 
and  after  dephosphorizing  the  molten  steel 
is  transferred  to  the  electric  furnace  to  be 
desulphurized,  deoxidized,  and  brought  to 
the  final  temperature. 

Due  to  using  a  considerable  quantity   of 

scrap  from  the  electric  furnaces,  the  molten 

n  the  open  hearth  furnaces 

ionally  goes  as  low  as  0.009  per  cent 

phosphorous  and  0.008  per  cent  sulphur.    The 

is  not  changed  by  the 

electric  furnace  but   the  sulphur  content  on 

ns  is  reduced  to  0.006  per  cent. 

The  steel  is  tapped  from  the  electric  furnace 

tab  if  1650  deg    ( '..  and  is  then 


poured  from  the  ladle  into  the  ingot  molds 
through  a  2-in.  nozzle.  It  is  of  interest  to 
note  that  the  metal  losses,  including  slag 
losses,  handling  metal,  etc.,  in  the  open  hearth 
furnace  are  8  per  cent  to  12  per  cent,  while  in 
tin- electric  furnace  they  are  Yi  to  \x/i  percent. 
Both  open  hearth  furnaces  are  being  operated 
with  basic  linings  at  the  present  time,  but  on 
account  of  the  purity  of  the  scrap  from  the 
electric  furnace  product  it  is  possible  that 
one  of  the  open  hearth  furnaces  will  be 
operated  with  an  acid  lining,  in  which  case 
final  treatment  in  the  electric  furnace  may 
not  be  necessary  for  part  of  the  product 

The  metallurgical  results  are  justifying  the 
selection  of  the  electric  furnace  for  this  im- 
portant task,  the  quality  exceeding  all  expec- 
tations. 

Each  furnace  is  normally  rated  at  40  tons 
holding  capacity,  each  charge  being  handled 
separately  so  as  to  keep  the  metal  clean  as 
possible,  and  larpe  ingots  will  be  formed  from 
two  ladles  through  two  runners.     One  of  the 


Furnaces  of  this  type  are  still  i 


!  Furnace  Shown  in  Fig.  ( 
i  service  at  Schenectady 


furnaces  is  fitted  with  24-in.  carbon  elec 
and  the  other  with  U-in.  graphite  elect; 
thus    giving    current    densities    of    4li.S    and 
137.5  amperes  per  square  inch  respectivclv 

with  the  transformer  at  its  maximum  output 
of  •_'1.2o(i  amperes  per  phase.     On  the  basis 


THE   LARGEST   ELECTRIC  STEEL  FURNM   ES 


Fig.  8.   One  of  the  Transformers,  with  Its  High-tension  Switch- 
ing Equipment,  for  the  Forty-ton  Steel  Furnace 


of    2500    kv-a,  giving    13,130    a- 

the  heat  ■.  10-in.  length 

trode  is  respectively  21.6  kw.  and  28.3 
kw.,  amounting  to   l   per   cenl    and   I1 

the 
i  i    85  per   cenl  tor— a  small 

the  total  u 
1 1 < •; 1 1  in  the  furnace 
'I  he  eleel  rical  equipn 

and 
instrumenl    panel 

pain-],  one  operati  ir'     panel  and   thn  e  elec- 
trode motors  and  a  tilting  motor 
Each  transformer  is  of  the  3-pha 
d   oil  insulated   type,   suppl 
amperes  per  phase,  with    liu  volts  be1 
phas.es,  or  a  total  of  3300  kv-a  ,  the  high 
age  winding  being  designed  for  operation 
a     6600-volt,     3-phase    circuit.      Taps    are 
provided  in  the  high  voltage  windings  so  that 
full  input  can  be  obtained  at    Km  >  .1   '"' 
as  desired,  the  last  connection  giving  21  200 
amperes  per  phase.     Although  not  the  Lai 
3-phase    transformer   buill     by    the   General 
Electric  Company  for  electric  furnace  work, 
it    is     unusually     well     adapted     for     this 
particular  furnace  installai  ii  m 

A  similar  transformer  is  shown  in  Fig    10 
For  transformers  of  such  large  current  caj 
the  efficiency  of  98.2  per  cent  is  still  high  en<  ruph 
to  indicate  a  very  careful  electrical  design. 


General  Electi 
Furnace  Electrc 


Automatic  Control  Panel  for  Electri 
les.     Operator's  panel  on  right 


Fig.  10.     High  Capacity  Transformer  of  the  Type  Supplied  for 

the  40-ton  Electi  ic  Furnace.     Note  the  coil  and  core 

construction  and  the  general  sturdiness 
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Each      ritchboard  consists  of  a  switching 
:  I    instrument    panel,  an    automatic    regu 
.Hid  an  operator's  panel.     ( >n  the 
i  mnte  1  three  amm 


Fig.  11       Induction  Type  Furnace  at  Pittsfieli  Wo.ks,  W.iich 
Has  Recently  Completed  555  Heats  on  One  Lining 

one  voltmeter,  one  indicating  and  one  curve- 
drawing  wattmeter,  one  watthour  meter,  and 
one  power-factor  indicator,  together  with 
various   relavs   and   switches  for   controllim* 


lenoid    operated    L5,000-volt,    500-am- 

■■  italics. 

The  automatic  electrode  regulator  is  so  well 
I  nown  as  not  to  re  [uire  description;  and  the 
same  is  true  of  the  operator's  panel. 

The  tilting  motors  are  of  35-h.p.  capacity 

at  725  r.p.m.  and  take  power  from  :<  230-volt 

direct-current    circuit.      They   are    provided 

with  drum  controllers  for  reversing  and  with 

id  brake. 

The  electrode  motors,  whose  important 
duty  it  is  to  control  the  movement  of  the 
-beiiMles  in  response  to  the  action  of  the 
electrode  regulator,  are  designed  to  deliver 
5  h.p.  at  1 L50  r.p.m.  when  taking  power  from 
a  230-volt  direct-current  circuit.  They  are 
totally  enclosed  and  provided  with  self-lubri- 
cating bearings. 

All  the  electrical  equipment  used  with 
furnaces  is  practically  standard  and  it  is  a 
comparatively  simple  matter  to  increase  the 
capacity  when  circumstances  decide  that  such 
action  is  necessary.  It  is  not  difficult  to  pic- 
ture installations  in  the  immediate  future 
containing  units  of  double  or  treble  this  capac- 
ity, perhaps  having  six  or  more  electrodes 
and  becoming  more  and  more  effective 
against  its  only  real  competitor,  the  open 
hearth  furnace. 


Using  Ohm's  Law  to  Integrate 

By  M.  D.  Cooper 
Engineering  Department,  National  Lamp  Works  of  General  Electric  Company 

The  device  described  in  this  article,  which  employs  the  well  known  principle  of  Ohm's  law,  was  devised  to 
facilitate  the  calculation  of  the  average  light  produced  by  incandescent  lamps  throughout  life.  By  means  of 
this  device  this  calculation  has  been  speeded  up  four-fold,  which  represents  a  material  saving  in  time  and 
expense  when  the  performance  of  thousands  of  lamps  annually  has  to  be  determined. — Editor. 

The  obvious  method  of  computing  the 
a  rerage  ordinate  of  an  area  under  a  curve 
through  observed  points  is  to  sum  up  the 
areas  of  the  trapezoids  included  between  a 
section  of  the  curve,  the  base  line,  and  two 
ordinates.  The  area  of  each  trapezoid  is. 
of  course,  equal  to  one-half  of  the  product 
of  the  base  and  the  sum  of  the  two  side 
ordinates. 

In  this  electrical  computing  device,  the 
products  are  secured  by  passing  a  current 
proportional  to  one  factor  through  a  resist- 
ance proportional  to  the  other  factor.  The 
resultant  voltage  drop  is  then  proportional 
to  the  product.  As  applied  to  the  area  of  the 
trapezoid,  a  current  proportional  to  the  width 
is  passed  through  two  resistances  in  series, 
proportional  respectively  to  the  two  side 
ordinates.   whence  the  voltage  drop   is  pro- 


The  fact  that  the  voltage  drop  in  any 
section  of  an  electric  circuit  can  be  express;d 
as  the  product  of  the  resistance  of  the  section 
and  the  current  passing  through  it  has  b;en 
applied  in  what  is  believed  to  be  a  new  way 
in  the  design  of  an  electrical  device  for  the 
computation  of  the  average  ordinate  of  a 
jagged  curve  between  observed  points.  The 
method  was  devised  to  simplify  the  work  of 
determining  from  test  data  the  average  light 
output  of  incandescent  lamps  throughout 
life.  The  electrical  calculator  reduces  the 
time  to  one-fourth  of  that  required  by  an 
experienced  computing  machine  operator, 
and  the  saving  is  considerable  when  it  is 
considered  that  computations  must  be  made 
on  from  2.3.000  to  30.000  lamps  annually. 
It  will  be  seen  that  the  method  is  applicable 
to  a  verv  wi  1?  varietv  of  us?s. 
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portional  to  the  area  of  the  trapezoid.  Elec- 
trical addition  of  these  drops  sums  up  the  total 
area  under  the  curve,  and  electrical  resolution 
of  the  total  drop  into  a  product  of  resistance 
times  current  serves  to  resolve  the  ana  into 
the  product  of  base  times  mean  ordinate 
Incandescent  lamps  are  tested  at  volt: 
higher  than  normal  in  order  to  shorten  the 
time  required  for  life  test.  Well  established 
conversion  factors  permit  the  results  to  be 
readily  expressed  in  terms  of  normal  lamp 
life.  The  test  life  rarely  exceeds  27.")  hours. 
At  intervals  throughout  the  test,  the  lamps 
are  photometered  and  the  lumen  output  is 
recorded.     The  data  of  Table  I  arc  typical. 
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Fig.  1.      Typical  Performance  Data 


TABLE  I 

TYPICAL  PERFORMANCE   DATA  ON  AN 

INCANDESCENT   LAMP 


Hours  Burned 

Per  Cent  Initial  Lumens 

(Forced  Voltage) 

(At  Normal  Voltage) 

0 

too 

50 

92 

110 

S7 

170 

81 

230 

76 

266  (Burnout) 

Plotted,  these  data  provide  the  perform- 
ance curve  shown  in  Fig.  1.  The  lumens 
immediately  preceding  burnout  can  be  closely 
estimated  by  extending  the  straight  line 
through  the"  last  two  measured  points  as 
indicated   by    the    dotted    line. 

The  average  per  cent  lumens  throughout  life 
in  terms  of  initial  lumens  is  the  average 
ordinate  of  this  graph  and  it  is  obvious  that 
this  can  be  found  either  by  determining  the 
mean  height  of  the  area  under  the  curve,  or 
by  ascertaining  the  mean  height  of  the  area 
above  the  curve  and  subtracting  from  100 
per  cent.  The  latter  method  is  the  one  the 
electric  calculator  employs,  but  the  process 
is  automatic  and  the  average  percentage  of 
initial  lumens  is  read  directly  by  the  operator. 


The  theory  can  be  more  readily  expla 
msidering  thi 

us  from   Fig.  2  that   tl 
depreciation  is  equal  to  the  total  -had'  d 
divided    by    the   total   burning   hours.     The 
total  area  is  made  up  of  the  smaller 
Ai,   .U,   At,   .1,.  and   At     The  ai 
triangle  A,   is  the   product    o  and 

half  the  altitudi  i    ol    eai  h   ■ 

trapezoids    ls     1     etc.,  is  the  product  of  its 
base  and  half  the  sum  of  its  two  end  altiti 

A,  =  :TiX-^=50x|  =  200 
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.     Average    Per    Cent    Lumens    May     be    Calculated    by 
Determining  Average  Depreciation  and  Subtracting 
from  100  Per  Cent 


84  L3 
=  60X^^=630 


A2=7"2X^ 
Similarly. 
A3  =  960 
A4=1290 
A5=918 
Total  area  =  3998 

3998 

Ave.  depreciation  =  —  '      =  1  ■">'  , 

Ave.  percentage  of  initial  lumens  =  inn'  , 
-15%  =  85% 
Consider,  now,  the  electrical  arrangement 
shown  in  Fig.  3,  in  which  the  vertical  resist- 
ances are  all  equal  and  arc  calibrated  in  terms 
of  per  cent  lumens  as  shown.  The  horizontal 
resistances  are  used  for  adjusting  the  current, 
which  is  measured  by  the  ammeters  .1.  The 
contacts,  G  and  C->,  roll  along  the  vertical 
resistances.  If  now  contact  ( ',  is  set  at  92 
per  cent  lumens  (8  per  cent  depreciation)  and 
the  current  is  adjusted  proportionately  to  the 
first  burning  interval,  50  hours,  the  IR  drop 
across  ab  will  be  proportional  to  the  area  .1,. 
200.  For,  if  K  is  a  suitable  constant: 
Ei  (read  on  voltmeter  1',  I  = 

IR  =  T,  X  y  X  K  =  50  X  |  X  K  =  21 I0K  =  A  J< 
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Similarl) .  it'  contact  (  2  is  sel  al  n7  pi 

;   per  cent   depreciation  1    and    the 

d  pro- 

icond  burnini'   interval 


®...-<S>-- 


al   Calculator 


be 


T2X^XK  =  WX8±^XK 


of  1  io   hours,   the  IR  drop  across  be  will 
proportional  to  the  area  A->,  630: 

E2  (read  on  voltmeter  \  \)  = 

77? 

=  630  K  =  A2  K 
The  IR  drop  across  ac  would,  of  course,  be 
the  sum  of  K\  and  £2,  and  by  adding  a  suffi- 
cient number  of  elements  a  total  voltage  drop 
proportionate  to  the  total  shaded  area  of  Fig. 
2  is  obtained. 

The  complete  de- 
vice is  shown  in  Fig. 
4.  The  elements  4 
and  5  are  movable 
laterally  so  that  they 
may  be  set  by  means 
of  the  pointers  P3, 
Pt,  and  Ph  over  the 
"Hours  Burned" 
scale  at  points  corre- 
sponding to  the  test 
data.  The  sliding 
contacts  C3,  C,,  and 
C6  on  these  three  ele- 
ments are  so  con- 
nected together  me- 
chanically that  they 
are  always  on  a 
straight  line;  hence 
if  the  contacts  on  ele- 
ments 3  and  4  are  set 
to  correspond  with  the 

last  two  readings  of  lumens,  the  contact  0:1 
element  5  automatically  takes  a  position 
corresponding  to  the  extrapolated  value  of 
lumens  immediately  preceding  burnout. 

The  total  IR  drop  from  B  to  Si  through 
the  adjusted  resistances,  as  indicated  by  th  ■ 
heavy  line  in   Fig.  4.   is  proportional  to  th 


total  shaded  area  of  Fig.  2.  The  "Hours 
Burned"  resistance,  R,  is  always  kept  pro- 
portional to  the  hours  the  lamp  has  burned 
because  the  contact  D  is  directly  connected 
to  the  fifth  clement  and  moves  as  this  ele- 
ment is  moved.  The  current  through  the 
resistance  R  is  adjusted  so  that  the  galva- 
nometer, G,  shows  no  deflection.  When  this 
condition  obtains,  the  IR  drop  in  resistance  R 
(from  F  to  D)  is  equal  to  that  from  B  to  Si, 
and  therefore  is  proportional  to  the  total 
shaded  area  of  Fig.  2.  The  total  shaded  area 
is  equal  to  its  average  height  times  its  length ; 
therefore  by  correct  calibration  between  the 
hour  scale  along  resistance  R  and  the  ammeter 
in  its  circuit,  the  ammeter  will  read  average 
per  cent  lumens  throughout  life. 

The  switches  Si,  S2,  and  S3  merely  permit 
elements  1  and  2  to  be  cut  out  of  the  circuit 
when  the  test  data  cover  a  smaller  number  of 
intervals;  the  "Hours  Burned"  scale  and 
contact  F  are  then  moved  correspondingly  to 
the  right. 

Two  points  are  to  be  especially  noted  as 
essential  to  the  practical  operation  of  the 
device:  First,  the  potentiometer  method  of 
balancing  the  IR  drops  avoids  the  distortion 
of  current  which  would  result  if  the  set-up 
were  to  be  bridged  with  a  resistance  circuit, 
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Fig.  4.     Diagram  of  Calculator 

for  when  the  galvanometer  shows  no  de- 
flection, no  current  is  being  taken  from  the 
main  set-up  and  sent  through  the  balancing 
resistance,  R.  Second,  when  a  balance  is 
secured,  none  of  the  rolling  contacts  carry 
current;  they  serve  merely  to  add  up  the 
various  voltage  drops  in  the  several  elements. 
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in  Steam  Generation. 


Crolius, 
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Alternators — High  Frequency 

Production  of  High  Frequency  Current  by  Means 
of  Alternators.      (In  French.) 
Genie  Civil,  June  11,  1921;  v.  78,  pp.  507-508. 
(Summary  of  the  various  methods.) 

Coal,  Pulverized 
Pulverized  Firin 
F.J. 
Assoc.  Ir.  &  St.  Elec.  Engrs.,  June,  1921 
pp.  161-198. 
(Hazards,     methods     of     preparation,     dis- 
tribution   and    firing,   costs,  and  probable 
applications  in  the  future.) 

Converters,  Synchronous — Testing 

Stray  Losses   in    60-Cyele    Synchronous    Booster 
Converters.     Hague,  F.  T. 
Elec.  Jour.,  July,  1921;  v.  18,  pp.  292-296. 
(Shows  how   losses   may   be    determined   by 
input-output  tests,  i 

Electric  Controllers 

Alternating-Current  Controllers  Automatically 
Operated.  Kirkgasser,  G.  J.  and  Seeger, 
E.  W. 
Elec.  Rev.  (Chgo.),  June  25,  1921;  v.  78, pp.  1011- 
1015. 
(Types  of  starting  and  regulating  devices  for 
squirrel-cage,  slip-ring  and  synchronous 
motors.     Twelfth  article  of  a  series.) 

Electric  Current  Rectifiers 

Mercury     Vapour    Rectifiers. 
Recent  Developments. 
Elec.   Times,  June  9,  1921;  i 
(Illustrated     account     of 
European  apparatus.) 

Electric  Drive — Steel  Mills 

Power  Generation  in  Steel  Mills  and  Its  Relation 
to  Frequency.     Petty,  D.  M. 
Assoc.  Ir.  &  St.  'Elec.  Engrs.,  June,  1921;  v.  3, 
pp.. 199-212. 
(Primarily  from  the  standpoint  of  costs.) 

Electric  Furnaces 

Automatic     Heat-Treating     Furnaces.       Lacher, 
Gilbert  L. 
Iron  Age,  June  30,  1921;  v.  107,  pp.  1754-1755. 
(Electric  furnaces  with  automatic  charging, 
quenching  and  drawing.) 

Electric     Melting     Nonferrous     Alloys.     Gillett, 

Foundry,  fune  15,  1921;  v.  19,  pp    468-474. 

(Includes  a  table  listing  all  U.  S.  installations 
of  electric  furnaces  for  non-ferrous  work, 
and  another  showing  applicability  of 
various  furnaces  for  various  alloys.) 


Some    Notes    on 


.  59,  pp.  554-556. 
recent     large-size 


Mold  Electric  Furnace. 

E.  C.  IronTt  p.  33-35. 

i  ntrifugal  casting  scheme  for  pipe, 
in   which  the  mold  serves  as  the  eli 

furnace  for  melting.) 

Electric  Heating,  Industrial 

Automatic  Electric  Bake  Oven.     Strait,  John  M. 
and  Woodson,  J.  C. 
Elec.  Jour.,  July,  1921;  v.  18,  pp.  296 
(Shows  construction  and  operating  chai 
istics  of  commercial  size  ovens  for  baking 
food.) 

Electric  Motors 

Relationship  Between  Efficiency  and  Working 
Costs  of  Small  Motors  and  Generators. 
Kennard,  E.  G. 
Elec.  Rev.  (Lond.),  June  17,  1921;  v.  88,  pp.  771- 
773. 
(Includes  considerable  material  useful  for 
the  designer.     Serial.) 

Electric  Motors,  Induction 

A  "Synchronous-Induction"  Motor.  Hocfflcur, 
A.  (In  German.) 
Schweiz.  Ban.,  July  2,  1921;  v.  78.  pp.  8-11. 
(Illustrates  and  describes  an  Oerlikon  motor 
having  a  special  patented  system  of  electri- 
cal connections.  Its  name  is  derived  from 
the  fact  that  it  is  claimed  to  possess 
advantages  of  both  types.) 

Electric  Motors,  Synchronous 

Starting  Characteristics  of  Synchronous  Motors. 
Shand,  E.  B. 
Elec.  Jour.,  July,  L921;  v.  18,  pp.  309-313. 

Electric  Transformers 

Transformer  Connections  of  Variable  Voltage 
Ratio  for  Saving  Winding  Material. 
Richter,  Rudolf .  (In  German.) 
Elek.  Zeil.,  June  9,  1921;  v.  42,  pp.  613-616. 
(Explanation  of  a  new  system  of  connections 
for  voltage  control  of  single-phase  trans-- 
formers.) 

Electric  Transmission  Lines 

Factors     Affecting     Long- Distance     Bulk- 1 ' 
Transmission. 
Elec.  117,/.,  fune  25,  L921;  v.  77,  pp.  147,-1  180 
(Methods   of    voltage   regulation    of    2 
lines  by  proper  distribution  of  synchronous 
condensers    and    of    minimizing    insulator 
destruction  from  flash-over.) 

Gas  and  Oil  Engines — Diese! 

Diesel  Engines  for  Generator  Driving.     Darling, 
C.  S. 
Beama,  fune,  1921;  v.  8,  pp.  547-553. 
rial.) 


S42     September,  192] 


GENERAL  ELECTRIC   RldVIKW 


Vol.  XXIV,  No.  9 


Insulation 

Insulating    Mat<  rials  O        ruction   and 

Re,  ,   |un,-,  L921;  v.  29,  pp    366  369 

various 
insul 

Magnetic  Properties      Testing 

Mi  thods  of  Magi  i        I  I  homas. 

Jour.,  July,   192]  :  •  -  is.  pp.  316-322. 
(Theory  and  methods,  including  diagrams  of 
connectii  ms.     Serial. 

Magnetic  Separation 

Magnetic    Separator     Pulleys    in    Coal     Plants. 
I        ■  Ho,  W.  H. 
Blast  Fur.  &  St.  PL,  fune,  1921;  v.  9,  pp.  401- 
103. 
I  engineer  describes  the  con- 

tion  of  magnetic  separator  equipment 
for  coal  pulverizers.) 

Metal  Coating 

Treating  Metal  to  Resist   Heat.     Fair.  Arthur  V. 
Iron   Tr.  Rev.,   fune  23,   1921;  v.  68,  pp.   1724- 
1727. 
Di    cribes    method   of   calorizing   and   illus- 
trates effect   of  heat   tests  on  treated  and 
untreated  metals. J 

Power  Factor 

Consideration  of  Power  Factor  in  Reckoning 
Current  Consumption  in  A.  C.  Installations. 
Paulus,  C.  (In  German.) 
Elek.  und  Masch.,  June  5,  1921;  v.  39,  pp.  284- 
286. 
Points  out  the  error  in  billing  consumers 
without  taking  power  factor  into  account, 
and  says  that  no  satisfactory  meter  for 
accomplishing  this  has  yet  been  devised.) 

How    to    Measure    Average    Power    Factor    with 
Reactive-Component  Meters. 
Elec.  Wld.,  June  25,  1921;  v.  77,  pp.  1491-1492. 
Details  and  diagrams  of  connections  of  two 
outstanding  methods.) 

Protective  Apparatus 

New    and.   Improved    Types    of    Apparatus    for 
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(Illustrated    description   of   recent    types    of 
protective  devices. ) 
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IRRIGATION 


It  has  been  said  that  there  is  no  greater 
benefactor  to  mankind  than  he  who  c; 
two  blades  of  grass  to  grow  where  only  one 
has  grown  before.  This  is  a  self-evident  truth 
and  it  takes  little  force  of  logic  to  show  that 
those  who  cause  abundant  crops  to  grow  in 
waste  places  are  real  benefactors  to  their 
country  and  to  the  world  at  large. 

Mr.  K.  A.  Hills  in  his  article  published  in 
this  issue  shows  how  the  electric  motor  is 
serving  mankind  in  irrigation  projects.  We 
have  often  pointed  out  in  these  columns  how 
dining  the  last  quarter  of  a  century  the  elec- 
tric motor  has  become  one  of  the  greatest 
factors  in  our  modern  industrial  life  and  how 
today  it  must  be  recognized  as  one  of  the 
most  useful  agents  in  building  up  our  twen- 
tieth centurv  civilization. 

The  wealth,  prosperity  and  happiness  of 
nations  depend  largely  on  what  the  soil 
produces.  Crops  are  literally  wealth  pro- 
duced; and  the  surplus  that  any  nation  can 
produce  for  export  to  foreign  countries  must 
always  be  a  measure  of  its  trade  balance  with 
the  outside  world.  In  a  measure  the  same  is 
true  of  the  mining  of  metals  and  minerals,  with 
the  great  difference  that  a  mine  finally  yields 
up  its  full  treasure,  while  the  soil,  if  water  and 
fertilizer  are  applied,  brings  forth  its  increase 
from  one  generation  to  another.  In  fact, 
some  of  the  land  in  Europe  and  Asia  that  has 
been  yielding  crops  for  centuries  is  still 
coaxed  to  bring  forth  crops  equal  to  any. 

It  should  be  no  small  satisfaction  to  the 
electrical  engineer  to  realize  the  untold 
field  that  lies  before  him,  as  yet  barely 
entered,  for  applying  his  genius  to  irrigation 
and  to  the  production  of  artificial  fertilizers. 
Nature  has  played  so  fully  into  his  hands  that 
the  electrical  engineer  must  be  the  presiding 
genius  in  practically  all  large,  schemes  for 
reclaiming  the  desert. 

If  a  river  has  to  be  dammed  to  conserve 
the  water  for  irrigation  purposes  the  elec- 
trical engineer  makes  use  of  the  enslaved 
waters  to  generate  electric  energy  and  makes 
the  mighty  waters  pay  a  double  tribute 
to    mankind — first    to    furnish    power    for    a 


multitud<  of  ■  has  robbed 

it  of  its  ]  o  raise 

Hi'   crop       i  ol  the  land 

grai  11  j  cannol  be  pei  uadi  d 

to  the  farm,  then  a  di 

generate  electric  ei 

used  bo  bring  the  water  to  the  land 

Pierponl    Morgan  once  said  thai   the  man 
who  went  "bear"  on   America   would  some 
day    become    a    bankrupl     hi     mighl 
equal  truth  have    aid   the  same  thing 
cerning  the  electrical  industry,   as  although 
we  an-  going  through  a  period  oi 
just  at    pn  uture   of  the   industry 

serins  to  be  too  limitless  for  the  imagination 
of  man  even  to  dream  oi  in  scope. 

At  present  irrigation  is  but  a  small  part 
of  our  business,  but  what  of  tile  future? 
In  the  East  there  an'  innumerable  instances 
of  artificial  irrigation  to  supplement  our 
rainfall  and  insure  crops,  in  spite  of  the  un- 
certainty of  wcaiher  conditions,  and  in 
such  regions  and  climates  the  engineer  will 
find  an  ever  increasing  demand  tor  his  skill 
in  helping  the  fanner,  but  when  we  think  of 
the  real  future  of  irrigation  our  minds  natu- 
rally turn  to  America's  great  heritage  in  the 
West  beyond  the  Mississippi. 

Mr.  Hills  shows  in  his  article  that  in  1909 
there  were  I  ,<>79.(ist  acres  of  land  under 
irrigation  in  the  state  of  Montana  alone  and 
that  by  192H  this  figure  had  increased  to 
2.130,974  acres.  He  also  shows  that  the 
area  capable  of  being  developed  by  irriga- 
tion in  Montana  is  5,288,517  acres.  These 
figures  are  only  for  one  state  and  if  we  include 
all  the  other  states  in  the  West  the  figures 
would  be  trulv  tin  irmi  us.  Some  of  the  prairie 
lands  have  already  been  turned  into  fruitful 
farms  and  some  of  the  desert  has  been  re- 
claimed, but  how  many  acres  of  thirsty,  barren 
desert  are  still  waiting  for  the  engini 

Under  natural  conditions,  taking  the  lean 
years  with  the  fat.  tanners  may  or  ma>  tiol 
make  a  living.  With  irrigation  the  produc- 
tion of  crops  bei  ike  a  manufactur- 
ing business  and  certainty  takes  the  p 
of  uncertainty. 
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Electrical  Aspects  of  the  Pueblo  Floods 

By  A.  L. Jones 
Engineer,  Denver  Office,  General  Electric  Company 

The  author  of  this  article  was  one  of  those  who  went  from  Denver  to  Pueblo  to  help  restore  electrical 
service  in  the  stricken  city.  He  describes  the  manner  of  drying  out  the  turbine  generators,  motors,  trans- 
formers, instruments,  etc.     His  description  should  be  of  value  to  anyone  called  on  to  assist  in  similar  work  in 

i he  tut ure. — Editor. 


The  Pueblo  flood  was  probably  the  worst 
disaster  of  its  kind  in  the  memory  of  the  pres- 
ent generation.  A  large  section  of  Colorado's 
second  city  was  overwhelmed  and  unbeliev- 
able and  indescribable  damage  done.  A  city 
suddenly  without  light,  gas,  telephone,  water 
supply  or  street  cars — -separated  into  three 
parts  by  raging  torrents  and  cut  off  from  all 
communication  with  the  outside  world — such 
was  Pueblo  on  the  eventful  Saturday  morning 
of  June  4th. 

The  Arkansas  River,  which  did  most  of  the 
damage,  flows  through  the  city  in  a  generallv 
southeasterly  direction,  crossing  the  lower  busi- 
ness district  in  a  walled  channel ;  the  surround- 
ing country  above  and  below  the  town  is  pro- 
tected by  levees  rip-rapped  with  smelter  slag. 
The  watershed  of  the  river  is  very  precipitous 
and  practically  devoid  of  forests.  Violent 
storms  and  sudden  rises  of  the  river  are 
frequent  late  in  May  and  early  in  June. 
The  river  channel  through  the  city  has  a 
capacity  of  three  or  four  times  the  average 
flow  and  the  channel  has  in  the  past  proved 
adequate  for  flood  waters. 

The  flood  of  Friday,  June  3rd,  was  caused 
by  a  series  of  cloud  bursts  about  twenty 
miles  above  Pueblo.  Flood  waters  reached 
the  city  about  5:30  p.m.  and  by  8:00  p.m.  had 
reached  the  bridges  and  begun  to  overflow  the 
city.  About  8:30  the  fires  in  the  plant  of 
the  Arkansas  Valley  Railway  Light  &  Power 
Company  were  put  out  and  the  city  was  in 
darkness,  save  for  the  frequent  blinding 
flashes  of  lightning.  The  debris  which 
collected  on  the  bridges  diverted  the  steadily 
rising  waters  into  the  streets.  In  finding  an 
outlet  the  waters  tore  through  blocks  of  one 
and  two-story  buildings  in  the  poorer  business 
district,  and  through  the  freight  yards  of  the 
Denver  &  Rio  Grande  Railroad,  wrecking 
over  four  hundred  freight  cars. 

The  damage  to  the  upper  and  better  busi- 
ness district,  which  lies  seven  or  eight  blocks 
north  of  the  river,  was  from  another  cause; 
the  river  as  it  passed  through  the  town  should 
have  done  little  more  than  flood  this  district 
with  back  water,  but  actually  the  severest 
damage  was  in  the  very  heart  of  the  com- 


mercial district.  About  a  mile  above  the 
center  of  the  city  the  river  makes  a  sharp 
turn  to  the  south.  This  turn  is  heavily 
protected  by  levees.  The  rapidly  rising  water 
overflowed  and  undermined  the  levee  at  the 
turn  and  permitted  a  torrent  to  cross  the 
business  district  to  join  the  river  lower  down. 
Behind  this  levee  lay  the  "  Peppersauce 
Bottoms,"  a  thickly  built  up  section  of  small 
frame  houses.  Terrible  havoc  was  wrought 
here  and  a  heavy  toll  of  lives  taken.  Then 
the  torrent  crossed  the  freight  yards  of  the 
Atchison,  Topeka  &  Santa  Fe  Railroad, 
demolishing  structures  and  washing  cars 
from  the  track.  The  combined  wreckage  of 
houses,  freight  cars,  lumber,  etc.,  was  hurled 
into  and  through  the  business  district  and 
terrible  destruction  of  property  was  caused 
by  the  irresistible  impact  of  floating  material 
and  the  fearful  velocity  of  the  current. 

The  crest  of  the  flood  was  reached  about 
midnight,  when  the  water  stood  from  nine  to 
twelve  feet  deep  in  the  various  buildings.  The 
flood  of  the  Fountain  River,  which  joins  the 
Arkansas  in  the  eastern  part  of  the  town, 
came  on  Sunday,  and  while  it  was  quite 
disastrous  to  bridges,  railway  tracks  and 
structures  along  its  banks,  it  did  not  over- 
flow the  city  proper.  The  extra  water,  how- 
ever, delayed  the  draining  of  the  flood  water 
from  the  city.  By  Sunday  morning  the  flood 
had  receded  and  the  work  of  cleaning  up 
started. 

The  big  steel  works  of  the  Colorado  Fuel 
&  Iron  Company  is  located  at  the  south  of  the 
city  on  high  ground  and  was  untouched  by 
the  flood.  The  steel  works  has  its  own  power 
plant  and  water  works.  These  were  placed  at 
the  service  of  the  city.  A  short  power  line 
was  built  on  Saturday  afternoon  and  Sunday, 
connecting  the  lines  of  the  two  companies, 
and  on  Sunday  night  a  considerable  portion 
of  the  residence  district  had  lights  and 
during  the  next  few  days  all  the  undamaged 
parts  of  the  city  were  lighted,  the  essential 
power  also  being  supplied  from  the  steel 
W(  irks.  The  water  works  on  the  south  side  of 
tlic  city  was  put  out  of  commission  by  the 
flood,  but  in  a  dav  or  two  the  steel  works 
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tapped  the  city  mains  and  supplied  wato 
the  south  side  of  the  city. 

On  Saturday  afternoon  the  Arkansas  Valley 
Railway  Light  &  Power  Company  began 
cleaning  out  its  power  house,  which  stoi  id  in 
the  very  center  of  the  flooded  district.  The 
water  in  receding  had  left  a  deposit  of  fine 
silt  from  one  to  three  feet  deep  over  every- 
thing. At  first  it  looked  as  if  the  men  were 
merely  wading,  slushing  and  splashing  mud 
and  water  and  making  no  appreciable  pn  >g 
The  force  at  the  power  plant,  car  barns, 
shops  and  yards  numbered  nearly  300.  The 
Company  established  a  commissary  in  the 
power  house  and  served  free  meals,  not  only 
to  its  own  force,  but  to  anyone  else  who 
appeared.  Many  of  the  men  had  lost  their 
homes  and  slept  in  the  building. 

Partial  telegraphic  sen-ice  was  re-estab- 
lished on  Sunday  afternoon  and  some  idea 
of  the  extent  of  the  disaster  reached  the  out- 
side world.  The  large  power  companies  of 
the  state  wired  offers  of  assistance.  On 
Tuesday  the  first  rescue  train  reached  the 
outskirts  of  the  city.  This  train  was  restricted 
to  relief  material,  doctors,  nurses  and  mili- 
tary forces  for  police  duty.  On  Wednesday 
a  train  reached  the  partially  excavated 
Union  Depot.  This  train  carried  quantities 
of  telephone  material,  pumps,  etc.  Three 
members  of  the  Denver  office  of  the  General 
Electric  Company,  armed  with  special  permit 
from  the  Governor,  and  loaded  down  with 
filter  paper,  meggers,  meters,  thermometers, 
etc.,  were  on  this  train  to  offer  their  assistance 
to  the  power  company  in  drying  out  the 
generating  equipment.  It  proved  to  be  no 
white  collar  job  and  the  experience  that  the 
G-E  men  had  gained  in  the  Testing  Depart- 
ment proved  to  be  invaluable. 

Another  member  of  the  Denver  office  made 
his  headquarters  at  Colorado  Springs,  which 
was  the  only  gateway  open  to  the  stricken 
city.  The  military  forces  had  established  a 
dead  line  here,  stopping  all  persons  and  side- 
tracking material  not  absolutely  essential 
to  flood  relief.  The  G-E  representative 
secured  the  necessary  permits  and  with  the 
co-operation  of  the  Colorado  Springs  Light, 
Heat  &  Power  Company  reloaded  the  material 
and  saw  to  the  prompt  forwarding.  Such 
material  as  filter  papers,  oil  testers,  trans- 
former oil,  etc.,  were  forwarded  immediately, 
G-E  men  frequently  riding  through  with  the 
shipment  to  prevent  any  delay. 

The  plant  of  the  Arkansas  Valley  Railway 
Light  &  Power  Company  is  on  the  river  bank 
and  at  this  point  the  water  reached  a  depth 


of  el.  the  surrotu 

The  boiler  room  is  on 
whil( 

feet  deep  in  the  boilei 

feel  deep  in  the  i  I  rating 

equipmenl  consists  of: 

Unit     No.    1— 960-kw.,     2300-volt     G-E 
e  bype  altet  tiato 

Unit     No.     l>    650-kw.,     2300-volt 
engine  tj  pe  alternaor 

Unit    No.   3-  800-kw.,   .v,  ,  G-E   d-c. 

engine  type  alter1: 

Unit     No.      I     L500-kw.,    Allis    Chali 
30-cycle  turbine  generator 

Unit  No.  5— 1500-kw.,  Allis  Chalmers 
60-cycle  turbine  generator 

Unit  No.  6— 2000-kw.,  60/30-cycle  G-E 
frequency  changer  set,  2  turbine  gener- 
ator exciter  sets 

Arc  tubes,  etc. 

The  damage  to  the  boiler  room  was  nominal. 
Fires  were  drawn  just  as  the  water  reached 
the  bottom  of  the  chain  grate  stokers.  The 
sudden  cooling  of  the  settings  and  the  sub- 
merging seems  to  have  done  little  or  no 
damage.  The  outside  of  the  boiler  settings 
was  covered  with  a  tar  and  asbestos  com- 
pound to  reduce  air  leakage  and  this  e\  idently 
prevented  absorption  of  water  by  the  bricks. 
Inside  the  settings  the  glaze  did  not  permit 
water  to  be  absorbed.  As  fast  as  the  mud 
could  be  cleaned  out  the  boilers  were  fired, 
and  no  trouble  has  been  experienced  with 
the  settings.  The  ash  conveyor  tunnel  was 
filled  solid  with  mud  and  it  pn  ived  to  be  a  big 
job  to  get  the  ash  conveyors  working. 

The  power  plant  building,  car  barns,  shops, 
etc.,  were  not  damaged  by  the  torrent, 
protected  considerably  by  the  new  power 
plant  which  the  company  is  building  at  the 
back  of  the  present  structure.  Neither  tin- 
foundations  of  buildings  nor  of  machi 
were  injured. 

The  turbines  and  engines  operate  con- 
densing, the  condensers  being  installed  in  a 
pit  which  was  completely  filled  with  mud, 
and  it  took  over  a  week  of  steady  work  to 
clean  it  out  and  overhaul  the  various  vacuum 
pumps,  feed  pumps,  oil  filters,  etc. 

The  work  of  cleaning  out  the  power  house 
began  on  Saturday  and  by  Tuesday  night  the 
mud  was  all  out  of  the  engine  roi  >m  and  every- 
thing had  been  washed  down  with  a  fire  hose 
to  remove  the  mud  and  slime.  One  !>•  liter  had 
been  dug  out. a  temporary  feed  pump  installed, 
and  the  boiler  was  under  steam.     A  geared 
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turbine    exciter    had    been    dismantled     the 
bearings  and  gears  washed  out,  a 
all  Tuesday  night  to  fan  it  as  di  . 
A  large  engine-driven  575-vol1 

rent   generator  for   the   railway   seemed   the 
most  difficult  problem.     The  bearings  and 
oiling  system  of  its  cross  compound  engine 
were   dismantled  and   cleaned.     The  engine 
was  turned  over  and  the  generator  put  on 
short  circuit   Thursday,   June   9,    separately 
exciting  it  from  the  geared  turbine  exciter, 
having    first    disconnected    the    series    field. 
The   fields   of   the   various   alternators   were 
connected  to  the  exciter  as  fast  as  the  wiring 
could  be  arranged.     It  was  decided  next  that 
the    short    circuit    current    of    the    railway 
generator   m.ight    as    well   do   some   further 
work    in    drying    out    the   machinery,    so    it 
was  passed  through  the  stationary  armatures 
of  the  rotary  converters,  turbine  alternators, 
motor     generator    sets,     and    engine     type 
alternators.      The   current   to   each   piece  of 
apparatus  was  known,  as  the  d-c.  generator 
had    been    connected   between   the   bus   and 
ground,  and  the  machines  being  dried  were 
connected  to  the  various  d-c.  feeder  circuits, 
and  the  ammeters  indicated  the  current  in  each 
nachine.     The  distribution  of  current  could 
not  be  controlled,  being  determined  by  the 
resistance  of  the  circuit.     If  the  current  to 
any  piece  of  apparatus  was  too  high,  it  was 
operated    intermittently,    keeping    the    tem- 
perature of  the  winding  to  a  safe  value.    This 
method  was  a  temporary  expedient  to  accom- 
plish all  the  drying  possible  pending  the  time 
the  various  generators  could  be  run  and  placed 
on  a  short  circuit.     This  procedure,  however, 
had  to  wait  until  more  boilers  could  be  pre- 
pared for   service   and   the   engines  cleaned, 
etc. 

On  Friday,  June  10th,  the  generator  of  No.  1 
engine,  a  960-kw.,  120-r.p.m.  engine  type 
alternator,  was  ready  to  turn  over,  and  was 
put  on  short  circuit.  Full  load  current  was 
sufficient  to  warm  the  coils  and  laminations. 
The  speed  of  the  engine  was  held  low  as  it  did 
not  affect  the  value  of  the  short-circuit 
current,  and  as  the  engine  bearings,  brasses, 
etc.,  had  been  assembled  with  plenty  of  play 
it  was  not  advisable  to  operate  at  high  speed. 
As  the  drying  out  progressed  the  various 
bearings  were  keyed  up  and  the  speed  raised, 
until  by  the  time  the  drying  was  completed, 
the  engine  ran  smoothly  and  with  cool  bear- 
ings. Megger  readings  were  taken  from  time 
to  time  as  the  drying  progressed.  The  seem- 
ingly long  time  required  to  get  any  indication 
of    insulation    resistance   was    discouraging. 
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No.   2   generator,   a  650-k  ,Vpe 

machine,  was  short  circuited  aboir 
before  it  showed  appreciable  in 
sistance.     The  field  never  responded  to  the 
megger   test,   but    the   entire  unit    operated 
satisfactorily  when  put  on  the  line. 

The  800-kw.,  600-volt  direct-current  rail- 
way generator  proved  the  most  difficult 
task.  This  unit  was  put  under  short  circuit 
on  June  Oth,  and  the  current  graduallv 
mcreased  to  2000  amperes.  This  current  was 
used  for  drying  out  other  machines,  such  as 
rotary  converters,  frequency  changer  sets, 
etc.,  which  could  not  be  conveniently  driven, 
to  dry  out  under  short  circuit.  This  current 
was  sufficient  to  keep  the  armature  windings 
and  laminations  quite  warm,  but  even  after  a 
week  of  continuous  operation  the  megger 
showed  zero  resistance.  Measurements  were 
then  taken  by  a  high  resistance  direct-current 
voltmeter  with  the  following  results: 

June  17 —  900  ohms 

tune  20     2200  ohms 

June  21—1600  ohms 

Such  progress  was  slow  and  discouraging. 
The  windings  appeared  to  be  well  dried  out 
and  it  was  decided  that  the  trouble  must  be 
under  the  commutator.  To  better  ventilate 
this  part  even-  other  bolt  in  the  outer  clamp- 
ing ring  was  removed  and  il  was  found  that 
the  space  under  the  ring  was  filled  with  felt 
which  was  wet.  Torches  were  applied  to  the 
underside,  of  the  commutator,  with  an 
asbestos  barrier  at  the  back  to  keep  the  flame 
from  overheating  the  armature  proper.  The 
temperature  of  the  commutator  was  raised  to 
110  or  115  deg.  C,  while  the  machine  was 
revolving  slowly.  The  torches  were  removed 
and  the  machine  shut  down  twice  daily  to 
check  the  temperatures  and  take  resistance 
measurements.  After  three  days  of  this 
treatment  it  was  disappointing  to  find  little 


850     October,  192] 


GENERAL  ELECTRIC   REVIEW 


Vol.  XXIV,  No.  10 


gain    in   insulation   resistance,    even   though 

there  was  every  indication  that  the  felt  was 

dry.     It  was  finally  reasoned  that  the  failure 

;>ond  to  the  megger  must  be  due  to  the 

ce    of   dirt   which   was   grounding   the 

commutator.      Wire    brushes    were    brought 

into  action  and  the  armature  and  commutator 

were  given  a  thorough  cleaning,   especially 

the    back,    or    inner    clamping    ring    of    the 

utator.     The   results   of  this  cleaning 

immediately    apparent    as    a    megger 

readin.  as  obtained.     No 

alar  efforts  were  made  to  dry  out  the 

series  field,  as  it  was  on  the  ground  side  of 

mature.      On  June  29th  the  machine 

perated  at  620  volts  for  two  hours  and 

w  as  passed  as  ready  for  load.    The  armature 

was  given  a  coat  of  paint  before  the  machine 

put  on  the  line  on  July  4th.      Partial 

railway    service    had    been    established    on 

June  27th  through  a  rotary  converter. 

The  1500-kw.  turbine  units,  Xos.  4  and  5, 
were  dried  out  by  direct  current  from  the 
railway  generator  w-hile  the  turbines  wrere 
being  prepared  for  sen-ice.  The  turbine 
bearings  and  oiling  systems  had  to  be  dis- 
mantled and  washed  out.  After  some  days 
of  operation,  during  the  short  circuit  run,  the 
turbines  began  to  vibrate  excessively  and  an 
investigation  showed  that  the  blades  had 
rilled  up  with  mud,  which  evidently  came  over 
with  the  steam.  During  early  operations  the 
engines  and  turbines  were  operated  non- 
condensing  as  the  condensing  equipment  was 
not  ready  to  operate,  and  the  boilers  were  fed 
with  exceedingly  dirty  river  water.  Some  of 
the  -dirt  lodged  in  the  turbine  blades.  On 
June  14th,  when  No.  4  unit  was  placed  on 
short  circuit,  the  armature  resistance  was  .2 
an.  On  June  17th  the  reading  was  .28 
megohm  and  on  June  27th,  800  megohms.  The 
field  measured  zero  with  the  megger  at  all 
times,  but  was  put  in  regidar  operation  with- 
out difficulty.  The  No.  5  unit  showed  an  in- 
sulation resistance  of  200  megohms  on  June 
17th.  and  after  cleaning  the  blades  it  was  put 
in  commission  on  June  25th. 

The  cables  between  the  generators  and 
switchboard  were  in  iron  conduits  and  the 
low  points  of  these  conduits  were  drilled  to 
draw  off  any  trapped  water  and,  where 
possible,  the  short  circuit  was  put  on  the 
machine  at  the  switchboard,  which  dried  the 
cables  as  well  as  the  generators. 

The  oil  switches  on  the  switchboard,  the 
watt  hour  meters,  relays,  rheostats,  etc.,  were 
submerged,  but  most  of  the  instruments 
escaped,  as  the  water  rose  to  just  below-  the 


lower  row  of  instruments.  All  the  oil  switch 
tanks  with  their  wooden  linings  were  dried 
out  in  an  oven  erected  at  the  back  < 
boilers,  braces  first  being  placed  in  them  to 
prevent  bulging  of  the  lining.  Relays  were 
dried  in  the  oven,  the  only  difficulty  being 
that  the  fiber  supports  which  carry  the  con- 
tacts tended  to  swell  during  the  drying  to 
r  three  times  their  former  size.  This  was 
overcome  by  placing  strips  of  wood  above 
and  below  the  fiber  and  holding  it.  I 
with  clamps  during  the  drying.  The  Thomp- 
son direct-current  watthour  meters  mounted 
on  the  sub-base  of  the  board  suffered  sur- 
prisingly little  damage.  The  close-fittin  g 
covers  with  felt  gaskets  prevented  water  from 
entering  and  none  were  hurt  in  the  least. 

In  the  basement  under  the  engine  room 
were  the  busbars,  disconnecting  switches, 
solenoid  operated  oil  switches,  etc.,  also  the 
constant  current  transformers.  This  base- 
ment had  been  filled  with  mud  and  nearly 
two  weeks  elapsed  before  it  could  be  cleaned 
out.  Potential  and  current  transformers 
were  taken  down  and  dried  in  an  oven.  The 
marble  bases  of  disconnecting  switches  showed 
practically  no  insulation  when  tested  with  the 
megger.  It  was  decided  to  try  to  dry  this 
basement  "en  masse."  Steam  pipes  were 
placed  through  the  basement,  a  good  current 
of  air  was  circulated  and  a  high  temperature 
was  maintained  for  several  days ;  and  judging 
from  the  operation  since,  this  process  was  a 
success.  A  few  potential  transformers  failed 
later,  but  they  were  all  of  old  design  and  of 
doubtful  insulation. 

The  transformer  room  has  its  floor  about 
three  feet  below-  the  street  level  and  the  water 
rose  sufficiently  to  completely  submerge 
the  transformers,  even  to  the  top  of  the  high 
tension  bushings.  There  were  twelve  500-kw. 
transformers  in  this  room.  After  cleaning  out 
nearly  four  feet  of  mud  the  oil  valves  were 
opened  and  the  free  water  drawn  off.  The 
quantity  of  water  varied  from  a  bucket  to 
nearly  the  capacity  of  the  transformers.  The 
smallest  quantity  came  from  a  bank  of  60,000- 
volt  outdoor  type  transformers,  with  their 
tightly  fitting  covers,  while  three  old  style 
indoor  type  transformers  in  low  square  tanks 
had  lost  nearlv  all  their  oil  and  were  found  to 
contain  nearlv  a  foot  of  mud  in  the  bottom  of 
the  tanks.  The  remaining  two  banks,  while 
not  of  outdoor  construction,  had  relatively 
tight  fitting  covers  and  had  not  taken  in  more 
than  a  barrel  of  water  each. 

The  primaries  and  secondaries  of  the  trans- 
formers were  meggered  and  with  the  excep- 
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tion  of  the  three  mentioned  showed  good 
insulation.  Feeling  that  the  oil  w;i 
from  leakage  of  water,  and  that  the  water  had 
undoubtedly  lodged  in  the  windings,  it  was 
decided  to  "filter  the  oil.  This  was  done  and 
water  was  found  to  be  so  plentiful  that  filter 
papers  at  first  would  be  absolutely  saturated 
and  limp  in  five  or  ten  minutes.  After 
twenty-four  hours'  filtering  the  oil  began  to 
show  up  satisfactorily  when  tested  with  a 
standard  gap.  The  "three  secondaries  were 
then  short  circuited  and  sufficient  three-phase 
voltage  supplied  to  circulate  full  load  current. 
As  the  transformers  heated  up,  moisture  was 
driven  off  and  the  oil  became  very  wet  again. 
Filtering  was  continued  until"  no  more 
moisture  could  be  caught  on  the  filter  papers 
and  the  oil  stood  a  test  of  22,000  volts  across 
the  1/10-in.  gap  and  megger  reading  of  700- 
1000  megohms  were  obtained  in  the  primary. 

During  the  early  stages  of  filtering  tin- 
filter  papers  had  to  be  changed  much  faster 
than  the  ovens  could  dry  them  out.  To  speed 
up,  a  system  of  checking  the  progress  of 
drying  papers  was  devised,  using  the  megger. 
A  sample  paper  was  placed  between  two 
metal  plates  about  4  in.  square  and  the  read- 
ing of  the  megger  gave  sure  indications  of  how 
far  drying  had  progressed.  Where  papers 
had  previously  been  left  nearly  four  hours, 
they  were  taken  out  of  the  oven  in  one-half 
to  three-quarters  of  an  hour,  and  in  this 
way  the  work  was  much  expedited.  Nine 
transformers  were  dried  by  simply  filtering 
the  oil  and  heating  up  the  transformers,  and 
these  nine  transformers  went  on  the  line 
without  failure.  Two  of  the  transformers 
were  found  to  have  been  burned  out  when 
water  entered  them,  being  excited  at  the  time 
from  the  transmission  line  to  another  plant. 

The  meter  department  of  the  company 
began  as  promptly  as  possible  to  collect  all 
the  meters  that  had  been  submerged.  Over 
1000  meters  were  brought  in,  with  still  about 
200  more  unaccounted  for.  Most  of  these 
were  in  the  houses  that  had  been  completely 
demolished  by  the  flood.  The  meters  were 
thoroughly  washed  by  spraying  with  water 
until  every  particle  of  dirt  had  disappeared. 
They  were  then  dipped  in  a  bath  of  kerosene, 
not  wetting  the  coils  more  than  could  be  helped. 
Next  they  were  placed  in  an  oven  and  baked 
for  from  eight  to  twelve  hours,  after  which 
the  insulation  was  tested  by  use  of  a  megger. 
After  a  time,  however,  it  was  found  that  a 
man  with  damp  fingers  could  detect  any 
leakage  through  the  coils  of  the  meter  by 
placing  125  volts  on  the  winding  and  placing 
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or  40  meters  a  day.     No  difficulty  was  found 
in  securing  practically   Kill  pi      ■ 
on  these  meters,   and   tin-  ones   which 
reached    promptly    after    the    flood    ha 
showed  a  mark  to  indie 
submerged.      Meiers   of   all    make 
were  broughl    in.     General   Electric  mi 
especially  l-ll  and  D-6,  developed  no  weak 
points    whatever    and    were    apparently    in 
every   respect  as  good   as   before    the 
Certain  other  mala-;  of  meters  did  not 
out  quite  so  well,  the  registers  having  steel 
shafts  rusted;  the    iteel  thrust  plates  u 
the  various  vertical  shafts  had  rusted  and  the 
shafts  and  plates  had  to  bo  renewed.     The 
fiber   in    these   meters   also    warped    bi 
Some  few  meters  were  injured  mechanically 
but  these  were  about  the  only  ones  thai 
not  put  back  into  sendee. 

The  distributing  lines  wen-  disturbed    for 
a  radius  of  six  to  eight  blocks  from  the  plant. 
The  main  circuits  were  not  badly  disturbed 
beyond  the  breaking  of  guys,  poles  benl  over, 
etc.      Most  of  tin-  expense   was   for   labor  in 
straightening  the  pole  lines,  taking  up  slack, 
etc.    About  25  ornamental  lighting 
were  knocked  down,  but  only  certain  parts 
were  broken  and  probably  80  per  cent  i 
material  will  be  reclaimed.     Throughout  the 
business  district  tin-  poles  cai 
span  wires  were  tubular  steel.      Some  5 
these   were   damaged,    being    benl    over    or 
broken  off.     Usually  only   the  lower  section 
was  injured  and  new  parts  will  be  supplied 
and  the  poles  reset.     In  the  flooded  distrii  I 
there  were  about  two  miles  of  double  ' 
wire.    This  was  all  recovered  excepting  about 
three  quarters  of  a  mile. 

A    number   of    transformer   stations 
in    the    ba  business    blocks,    and 

some    transformers    were    thrown    into 
mire    by    the    breaking    of    their    supporting 
poles.     Some  of  these  transformi 
1 1  ie  water  from  one  to  two  weeks.    They  were 
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washed  off  with  a  hose  as  soon  as  recovered 
and  dried  by  short  circuit  current;  24 
hours  uired    to    show    satisfactory 

megger  readings      These   transformers 
all  inn  back  in  si  rvice  without  loss. 

The  wiring  in  the  buildings  was  mostly  in 

1  this  condui  lower  floors 

was  filled  with  water.     Mosl  of  these  circuits 

tested  so  low  thai  the  wires  were  pulled  out,  rags 

drawn  through  and  then  new  wires  pulled  in. 

The  street  ears  suffered  less  than  any  other 
department.  They  were  all  ordered  to 
higher  parts  of  the  city  when  the  water 
i  to  rise.  Only  four,  were  caught  by  the 
flood  waters.  The  motors  of  these:  can  be 
dried  ou1  and  they  will  soon  be  in  service 
again.  Street  car  service  started  on  June 
27th.  though  the  flood  district  was  still  too 
1  with  debris  to  permit  cars  to  cross 
the  down-town  section,  so  service  started  as 
shuttle  lines  radiating  out  of  the  business 
district.  Normal  sendee  was  established  on 
July  4th. 


Looking  through  the  haze  of  first  impres- 
sions of  the  flooded  plant,  to  the  restored  and 
operating  prop,  ri  ,  ,  one  is  struck  by  the  great- 
transformation  and  how  insignifi- 
cant was  the  damage  to  the  equipment.  The 
;s  of  the  electrical  machinery  of  all  kinds 
in  besting  its  traditional  enemy,  water,  is  a 
high  tribute  to  tin  art. 

The  spirit  of  the  power  company's  organ- 
ization in  turning  its  hand  to  anything  and 
everything  which  would  speed  the  rehabili- 
tation was  an  inspiring  thing.  The  dominant 
impulse  was  to  give  the  public  full  electrical 
sen-ice  at  the  earliest  possible  moment.  The 
public  in  turn  seemed  to  realize,  in  a  way. 
the  great  obstacles  to  be  overcome  and 
very  patient  and  appreciative  as  service  ap- 
proached normal. 

Pueblo    is    far    from    discouragi 
disaster,  and  reconstruction  of  every  kind  is 
going  on  at  a  surprising  rate,  and  all  replace- 
ments are  of  a  better  grade  of  construction 
than  the  original. 


Fig.  5.     Stieet  Cars  Caught  by  the  Flood 
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Irrigation   in   Montana  with  Electrically  Operated 

Pumping  Plants 

By  K.  A    ii 
Butte  Offici    Gi     erai  i    >mpany 

The  importance  of  ii  ds  no  emphasis.     The  author  shows  wha 

in  this  direction  and  how  much  there  is  still  left  to  be  d.>n...     This  article  should  be  of  special  inl 

electrical  engineer  as  well  as  to  the  rancher  as  its  purpose  is  to  show  what  an  import,,  ricallv  driven 

pumps  can  play  in  the  scheme  of  turning  the  waste  lands  into  gardens  and  fare 

The  abnormally  dry  conditions  in    practi- 


cally all  sections  of  Montana  for  the  pasl 
three  years  have  caused  crop  producers  to 
study  how  irrigation  might  be  applied  to  in- 
sure crops.  As  one  writer  has  expressed  it: 
"Wherever  one  finds  the  must  valuable  crops, 
the  highest  priced  plant  and  the  most  pros- 
perity, there  he  finds  irrigation.  With  irri- 
gation the  element  of  chance  is  eliminated. 
Under  the  clouds,  farming  is  a  lottery.  The 
questions  are  always:  'Will  it  rain?'  'Will 
it  rain  enough?'  'Will  it  rain  at  the  right 
time?'  All  these  problems  are  settled  with 
moisture  at  convenience  and  when  wanted. " 

The  rainfall  in  Montana,  as  a  general  rule, 
averages  from  12  to  15  inches;  however,  it 
has  varied  from  year  to  year,  from  less  than 
half  to  nearly  twice  the  average  quantity.  It 
is  this  uncertainty  that  makes  farming  with- 
out irrigation  more  or  less  a  gamble. 

The  early  records  of  Old  Fort  Shaw  show 
a  total  rainfall  of  4.24  inches  in  1874,  and 
5.67  inches  in  1875;  while  in  L876  there  was 
7.2  inches  in  the  month  of  May  alone,  and 
for  the  year  a  total  of  14.02  inches. 

There  are  very  few  sections  of  the  state 
where  rainfall  is  so  plentiful  that  it  would 
not  pay  to  irrigate  every  acre  to  which  water 
can  be  brought  at  a  reasonable  cost. 

Data,  compiled  by  the  Montana  Irriga- 
tion Commission  in  a  report  dated  December, 
L920,  show  that  Montana  contains  93,000,000 
acres  of  land  of  which  two  thirds  are  classified 
as  forests  and  grazing  and  the  other  one  third 
as  agricultural  land.  Table  I  shows  the  results 
of  an  irrigation  survey  made  in  1909  by  the 
Montana  Agricultural  College  Experiment 
Station  (Bulletin  No.  103)  and  also  the  results 
of  the  irrigation  survey  of  the  Commission 
made  in  1920.  The  figures  show  the  acreage 
of  land  actually  under  irrigation. 


Irrigation  districts  .  .  . 
Other  enterprises  .  .  .  . 
U.S.R.S.   and   Indian 

Service 

Carey  Act  projects  .  .  . 

Total 


412 
1,587,530 


81,494 
9,648 


51,698 
1,839,576 


1  15,000 
100,700 


2,136,974 


|  A:,  a  i.'  .nil  of  1  -amis- 

sion, the  additional  area  thai 
by   works    being    constructed    it    by    works 
constructed  bu1  nol  in  u  e,  and  bj  Lrrij 
districts  or  private  or  corporate  enter; 
organized  for  beginning  construction  an 
follows: 

Irrigate                                  i  he  court 375,747 

Irrigation  districts  under  the  commission..  122,136 

Other  enterprises 103,360 

U.S.R.S.  and  Indian  Service 199,000 

Carey  Act  projects 85,300 

Total 885,543 

The    survey    shows    that    2,2 100    acres, 

not  included  in  any  of  the  above  figures,  are 
still  susceptible  of  irrigation. 

Following  is  a  summary  of  the  ultimate 
irrigation  development  in  the  state  under  the 
present  market  conditions,  population,  land 
values  and  duty  and  use  of  water: 

Acres 

Area  now  being  irrigated 2,136,974 

Works  already  contemplated  or  districts 

organized 885,543 

Additional  area  that  can  be  irrigated.  .  .  .   2,266,000 

Total 5,288,517 

Montana's  main  drainage  system  consists 
of  the  Yellowstone.  Missouri  and  Clarke 
Fork  of  the  Columbia  Rivers.  The  above, 
with  their  tributaries,  drain  all  of  the  state 
except  a  small  part  in  the  northwestern  por- 
tion, which  is  drained  by  the  Kootenai  and 
St  Mary's  Rivers.  The  Yellowstone  River, 
whose  source  is  Yellowstone  Lake  in  Yellow- 
stone National  Park,  drains  the  southeastern 
part  of  the  state.  The  Hie  1  lorn  River,  which 
rises  in  Wyoming,  is  its  largest  tributary 
emptying  into  the  Yellowstone  River  about 
55  miles  east  of  Bill 

The  Missouri  River  has  its  source  at 
Three  fori  u  med  bj    the  union  of 

the  Madison,  Gallatin  and  Jefferson  Rivers 
at  this  point.  The  Clarke  F<  >rk  i  if  the  Colum- 
bia is  formed  by  the  union  of  the  Missoula, 
Bitterroot  and  Flathead  Rivers. 

Practically  all  of  the  streams  in  the  state 

the   mountains   where 

the    snowfall    is    lna     .         Their    high    water 

(low   generally    occut      in    hie.  .    din     to   the 
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melting  snows,  and  a  high  rate  of  flow  is 
usually  maintained  through  July. 

Throughout  the  state  there  are  extensive 

of  land  which  can  be  irrigated  easily 

r  acre,  by  raising  water  to  a 

r   level    by    using  electrically  operated 

pumps.    As  a  rule,  when  an  irrigation  scheme 

:  self  into  a  pumping  project,  the 

layman  is  of  the  opinion  that  it  is  not  feasil  ile; 

while,  as  a  matter  of  fact,  there  are  projects 

tiding  on  long  main  line  gravity  canals 

(which   are    exceedingly    expensive   to   build 

and  maintain)   in  order  to  secure  a  gravity 

system,  where  a  pumping  system  could  be 

installed   at   a   normal    cost    per    acre,    and 

could    eliminate    the    long,    expensive    main 

line  canal  entirely. 

The  advancement  in  mechanical  methods 
of  irrigating  land,  not  accessible  from  gravity 
ditches  except  at  excessive  cost,  has  kept 
pace  with  the  needs  of  the  irrigator,  so  that 
today  it  has  been  fully  demonstrated  that 
irrigation  by  electrical  pumping  units  is  both 
practical  and  economical. 

There  are  many  factors  which  should 
govern  the  proper  selection  of  a  pumping 
plant;  the  chief  factors  are: 

Source  of  water  supply 
Capacity  of  plant 
Kind  of  pump 
Source  of  power 
Cost  of  operation 
First  cost. 

The  usual  source  of  water  supply  found  in 
the  state  is  a  surface  water  supply,  such  as 
rivers,  lakes,  canals,  etc.  Where  a  surface 
water  supply  is  available  the  water  can  be 
readily  developed  by  means  of  a  proper  intake, 
which,  in  the  simplest  form,  consists  of  the 
suction  pipe  from  the  pump  extending  into 
the  water. 

In  case  surface  w7ater  is  not  available,  it 
may  be  practical  to  develop  a  well  which 
can  be  dug,  drilled,  or  bored. 

The  required  capacity  of  the  plant  de- 
pends upon  the  number  of  acres  to  be  irri- 
gated, the  duty  of  water  required,  and  the 
period  of  operation.  As  a  rule,  it  will  be 
found  that  one  second-foot  of  water  for  each 
6G  acres  will  be  sufficient.  This  pertains  par- 
ticularly to  crops  such  as  cereal  grains  and 
alfalfa.  From  this  figure  the  proper  capacity 
of  the  pump  can  be  readily  obtained  if  the 
number  of  acres  to  be  irrigated  is  known. 

When  the  proper  capacity  of  the  pump  is 
settled  the  horse  power  of  the  prime  mover 
can  readily  be  determined  if  the  efficiency 


of  the  pump,  the  total  lift,  and  pipe  friction 
arc  kno 

There  are  several  formulas  that  may  be 
used  to  calculate  the  horse  power  required 
to  raise  the  water  to  a  given  height;  the 
following  is  a  simple  one: 

CPMXS.33X//       GPMXH 


HP  =  - 


33000  XE 


3960X.E 


where 

H  P  =  Brake  horse  power  of  prime  mover 

required  by  pump 
G  P  M  =  Capacity  of  pump  in  gallons  per 

minute 
8.33=  Weight  of  one  gallon  of  pure  water 
H  =  Total  pumping  head  in  feet 
E  =  Efficiency  of  pump  expressed  as  a 

decimal. 
As  a  short  cut  calculation  in  arriving  at 
the  amount  of  electrical  power  required  to 
raise  water,  it  can  be  remembered  that  it 
requires  1.025  kw-hr.  to  raise  an  acre  foot 
of  water  one  foot  high,  based  on  100  per  cent 
efficiency. 

By  the  term  "Duty  of  Water"  is  meant 
the  amount  of  water  used  or  necessary  to 
mature  a  certain  acreage  of  crop.  It  may  be 
expressed  in  various  terms,  but  the  most 
satisfactory  way  is  to  express  it  by  the  depth 
to  which  the  water  applied  would  cover 
the  land  if  uniformly  distributed  over  the 
surface.  The  unit  therefore  used  is  the 
acre  foot,  or  the  amount  of  water  necessary 
to  cover  one  acre  to  a  depth  of  one  foot.  Xo 
exact  rule  can  be  laid  down  for  any  particular 
crop  since  the  amount  varies  with  the  texture 
of  the  soil,  sub-surface  moisture,  temperature, 
wind  velocity,  rate  of  application  of  the  water, 
the  irrigator  and  so  on. 

The  economical  duty  of  pumped  water  is 
necessarily  higher  than  that  of  gravity 
water.  It  seems  probable  that,  with  care, 
to  mature  crops  during  a  normal  year  in 
Montana  from  3-72  acre-ft.  to  2x/2  acre-ft. 
of  water  per  acre,  delivered  to  the  land, 
may  be  sufficient.  A  fair  general  average 
for  practical  consideration  is  2  acre-ft.  per 
acre  per  season,  and  allowing  for  losses  in 
ditches  this  amount  is  conservative. 

In  this  connection  it  must  be  remembered 
that  the  growing  season  in  Montana  is  not 
long  and  irrigation  should  be  stopped  early 
enough  in  the  fall  to  allow  the  crops  to  mature 
before  frost  arrives.  If  the  land  is  not  well 
prepared  or  if  the  soil  is  very  sandy,  or  the 
irrigator  is  not  careful,  the  water  required 
to  mature  the  crop  may  be  much  more 
than  that    mentioned.       New    land    requires 
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considerably  more  water  than  old  land,  because 

it  is  first   necessary   to  introduce  sufficient 

lire  for  plant  life,  and  a  new  crop 
has  shorter  roots.  In  view  of  this,  a  larger 
pumping  installatii  m  would  be  required  the 
ear  than  would  be  required  for  sub- 
sequent years  if  it  was  intended  to  irrigate 
the  en  ge  at   first.     As  a  rule,  this 

will  not  be  the  case,  as  grading,  diti 
and  planting  the  first  crop  will  require  an 
amount  of  time  and  labor  such  that  it  would 
probably  be  impossible  the  first  year  to  place 
much  more  than  half  the  traet  under  cul- 
tivation: the.  remaining  being  cultivated 
during  the  following  year,  which  will  not 
generally  overtax  the  pumping  equipment. 
Water  must  be  applied  at  such  intervals  as 
the  crops  require,  each  usually  requiring 
water  at  a  time  peculiar  to  its  needs.  For 
instance,  winter  wheat,  spring  wheat,  oats, 
barley  and  other  cereal  grains  require,  as  a 
rule,  about  a  maximum  of  12  inches  of  water 
during  June  and  July,  or  during  the  time 
the  heads  arc  filling  out.  Alfalfa  requires 
a  large  amount  of  water  directly  following 
the  cutting  of  each  crop.  Sugar  beets  and 
potatoes  require  a  maximum  of  about  12 
inches  during  August  and  September,  which  is 
the  time  they  are  filling  most  rapidly  below 
the  surface  of  the  ground.  It  is  to  be  under- 
stood that  the  above  mentioned  crops  re- 
quire irrigating  at  other  periods,  but  the 
above  gives  the  maximum  conditions. 

Regarding  the  demand  of  water  for  the  differ- 
ent months  of  the  growing  season,  according  to 
records  kept  by  the  Uniced  States  Reclamation 
Service  on  the  Huntley  Project,  for  a  period  ex- 
tending from  1912  to  and  including  10 IS.  the 
average  demand  for  water  per  month,  is: 

Per  Cent 

May 5.4 

June 18.5 

July 36.7 

August 32.5 

September 6.9 

100.0 

The  average  water  demand  will,  of  course. 
vary  with  the  climatic  and  soil  conditions 
in  different  parts  of  the  state,  also  with  the 
crop  to  be  raised. 

The  United  States  Reclamation  Service 
has  operated  a  number  of  irrigation  projects 
in  Montana  for  several  years  and  they  have 
kept  records  of  the  duty  of  water.  The  data 
in  Table  II  are  taken  from  the  annual  report  of 
the  United  States  Reclamation  Service. 

From  the  foregoing  data  it  will  be  seen 
that  crops  can  be  successfully  grown  by  the 


application  of  a  little  over  1  acre-ft.  of  water 
re  applied  on  the  land.  It  is  the  under- 
standing, however,  that  an  irrigation  plant 
will  have  to  supply,  in  addition  to  this 
amount,  an  amount  to  cover  the  losses  in  the 
main  canals,  supply  laterals,  etc.,  which  occur 
through  seepage  and  evaporation. 

In  the  majority  of  cases  the  centrifugal 
pump  will  be  found  most  suitable  for  irriga- 
tion purposes.  The  extensive  and  growing 
■trie  power  has  doubtless  been  a 
leading  factor  in  promoting  the  development 
of  centrifugal  pumps  as  they  may  be  designed 
to  operate  at  standard  motor  speeds,  and  to  be 
direct  connected  to  motors  on  a  common  base 
plate.  These  sets  make-  ideal  units  free  from 
belts  or  gears,  with  their  attending  noise,  wear 
and  tear.  Owing  to  the  large  capacity  and 
good  efficiency  of  the  centrifugal  pump  against 
medium  heads,  it  is  exceptionally  well  adapted 
for  irrigation  work. 

Centrifugal  pumps  can  be  divided  into 
two  general  classes,  namely,  the  inclosed  im- 
peller type  and  the  open  impeller  type, 
depending  on  the  style  of  impeller  used. 
For  irrigation  work  where  high  efficiency  is 
essential,  the  inclosed  type  is  most  generally 
used.  Here  the  impellers  are  of  the  inclosed 
type,  consisting  of  a  number  of  blades  or 
vanes  of  suitable  curvature,  radiating  from 
a  hub  and  inclosed  by  two  disks  or  walls. 
The  liquid  to  be  pumped  enters  at  the  center 
of  the  impeller  around  the  shaft  on  both 
sides,  in  double  suction  pumps,  and  passes 
through  the  wheel  in  channels  formed  by  the 
walls  and  vanes.  Double  suction  impellers 
are  preferable  for  irrigation  work  as  the 
suction  is  equalized  on  both  sides,  preventing 
end  thrust.  Open  impeller  pumps  are  usually 
installed  in  irrigation  work  where  the  heads 
are  very  low  and  the  capacities  very  large. 

The  open  impeller  consists  of  a  number  of 
vanes  of  suitable  curvature  radiating  about 
a  hub,  but  without  side  walls  or  disks. 
Here  the  clearance  between  the  vanes  and 
casing  is  usually  very  small  to  prevent  as 
much  slippage  as  possible.  They  can  not 
be  made  of  as  high  an  efficiency  as  inclosed 
impellers,  owing  to  this  excessive  leakage  or 
slippage.  Open  impeller  pumps  are  less  ex- 
pensive than  the  inclosed  type. 

In  operation  centrifugal  pumps  arc  peculiar 
in  that  the  head,  capacity  and  speed  all  bear 
a  direct  relation  to  one  another.  A  change 
in  one  will  necessarily  mean  a  change  in  the 
other  two.  If,  for  instance,  a  pump  is  de- 
signed to  pump  760  gallons  per  minute 
against   a   total   head  of  40  ft.,  and   the  erfi- 
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ciency    guaranteed    is    70    per    cent,    while 
operating  at  a  speed  of  1150  revolutions  per 

minute,  the  brake  horse  power  required 
would  be  approximately  1  :;'■_,.  Am 
pump  is  installed  it  may  lie  found  that  the 
total  head  is  but  45  ft.  The  capacity  with 
this  head  would  be  880  gallons  per  minute, 
and  the  efficiency  (is  per  cent,  and  the  brake 
horse  power  14.7,  at  a  speed  of  1150  revolu- 
tions per  minute.  While  the  variation  is 
small  in  this  particular  case,  the  loss  in  effi- 
ciency will  be  greater  when  the  error  in 
ascertaining  the  head  is  greater.  It  will, 
therefore,  be  seen  that  the  pump  should  be 
designed  for  the  particular  installation.  : 
sizes  will  be  cheaper  in  first  cost,  but  this 
difference  will  soon  vanish  through  the  smaller 
power  bill  if  it  is  not  entirely  overcome  by 


can  not  lift  water  by  SU 
is    first    filled    with    v. 

it  is  necessary  to  install  somi  crim- 

ing.    This  can  be  accomplished   by   the   in- 
stallation of  a  check  valve  in  thi 
line,   and  a   small   suction    pump 
to  the  top  of  the  pump  casing  tfc  exhau 
air,  and  draw  the  water  up  ie  suc- 

tion    .  i     tin    install 

valve  in  the  suctii in  pipe. 

i.  of  pumping  which   i 
on   wind   mills  and   water  wheels,   or  on   in- 
ternal  combustion   engines  o 
have  large  i  •!  In.    the  modern 

electric   motoi       In   practically   any   pat 
the  sti  er  can  be  i  btained  at  a 

nominal   cost,   as  the  state  is  well   travi 
by  tr.i  lines.      The  Montana  I' 


TABLE  II 
DUTY   OF   WATER  AT   THE  FARM  IN  ACRE  FEET 


1912 

1913 

1914 

1915 

1916 

1917 

1918 

Average 

Huntley 

Milk  River 

Sun  River  .... 

Blackfeet 

1.50 

i.Vi 

1.53 
0.92 
1.5 

1 .43 
0.80 
L.73 

0.9. 
ii  69 
1. 10 
1.83 

1.12 
0.67 
1 .22 
0.83 

1.11 

1  111 

L.08 

l.i  ill 
1.07 

1.2.5 

i.:;7 
l  25 

Total 

Average 

1  7n 
1.20 

the  use  of  the  smaller  size  motor,  which  could 
then  be  used. 

The  failure  to  appreciate  the  characteris- 
tics of  centrifugal  pumps  fully  has  put  them 
at  a  disadvantage  and  sometimes  caused 
them  to  appear  unsuitable.  The  fundamental 
characteristics  of  a  centrifugal  pump  are  as 
follows : 

The  capacity  of  centrifugal  pump  varies 
directly  as  the  speed 

The  head  varies  as  the  square  of  the  speed 

The  brake  horse  power  varies  as  the  cube 
'  of  the  speed.  - 

While  centrifugal  pumps  will  lift  water 
approximated  26  ft.  at  sea  level,  in  actual 
practice  this"  maximum  is  never  reached. 
The  maximum  allowable  suction  lift  recom- 
mended by  manufacturers  is  20  ft.  at  sea 
level;  this' includes  pipe  friction  losses,  en- 
trance losses,  etc.  This  suction  diminishes  as 
the  altitude  increases.  The  suction  pipe  on 
the  pump  should  be  as  short  as  possible,  and 
it  must   be  air  tight.     A   centrifugal  pump 


Company  alone  has  approximately  775  miles 
of  100,000-volt,  3-phase,  60-cycle,  transmis- 
sion lines,  and  approximated  1150  miles  of 
50,000,  60,000  or  70,000-volt,  3-phase,  60-cycle 

transmission  lines. 

E  lectric  power  has  marked  advantages 
any  other  form  of  power  for  irrigation,  owing 
to  the  simplicity  of  alternating-current  motors 
which  required  practically  no  attention.     It 
necessary,  with  electrically  operated   pumps. 
they  may  be  operated  continuously  for  several 
days  at  a  time;  the  only  inspection  required 
is  to  see  that  the  unit  is  receiving  sufficient 
lubrication.     This  continuous  operating 
ture  is  of  marked  importance  to  an  in  i 
when  he  wishes  to  cover  a  certain 
the  shortest  space  of  time,  as  no  time  i 
in  waiting  for  main  canals,  etc.,  to  fill  with 
water  before  irrigation  is  started. 

The  standard  control  equipment 
nating-current   motors   is   provided    witl 

hment  which  will  automatically  dis- 
connect the  motor  from  the  source  of  power 
in  case  a  dangerous  overload  is  imposed   on 
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the  motor,  also  with  an  attachment  to  dis- 
connect the  motor  automatically  from  the 
"i  powei  in  cas  the  source  of  power 
fails.  A  bell  alarm  attachment  for  the  start- 
ing  equipment  is  also  frequently  used  to 
notify  the  rancher  whenever  the  mot 
disconnected  from  the  source  of  power  for 
any  cause.  An  ammeter  is  extremely  val- 
uable with  the  starting  equipment  to  call 
attention  to  any  overload  on  the  motor,  so 
that  correction  for  the  overload  can  be  made 
before  the  trouble  assumes  serious  propor- 
tions. 

In  reference  to  the  cost  pf  electric  p 
for  irrigation  work.  Tallies  III  and  IV 
the  rate  used  by  the   Montana    Power  Com- 
I  any  for  this  class  of  service. 

TABLE  III 

POWER  CHARGE  BASED  ON  CONNECTED 

LOAD 


Month's  Service 

Rate  Per  Horse  Power 

1st 

$2.50 

2nd 

2.00 

3rd 

1.50 

4th 

1.25 

5th 

1.00 

6th 

0.75 

7th 

0.60 

8th 

0.55 

9th 

0.50 

10th 

0.45 

11th 

0.45 

12th 

0.45 

TABLE  IV 

KILOWATT  HOUR  CHARGE,  BASED  ON 
CONNECTED  LOAD 


Horse  Power 

Rate  Per  Kilowatt-hour 

1  or  less 

$0,028 

2 

0.027 

3 

0.026 

5 

0.025 

TlA 

0.023 

10 

0.021 

15 

0.019 

20 

0.017 

25 

0.016 

35 

0.014 

50 

0.0116 

75 

0.0098 

100 

0.0087 

125 

0.0080 

150 

0.0074 

17.", 

0.0071 

200 

0.0068 

300 

0.0061 

500 

0.0055 

750 

0.0051 

1000 

0.0050 

2000 

0.0048 

The  total   charge  under  this  schedule   is 
the  sum  of  the  power  charge  and   the  kilo- 
ttour  charge. 

EXAMPLE 
Assume  that  264  acres  are  to  be  irri 
through  a  total  lift  of  30  ft.,  on  the  basis  of 
one  second-foot  for  each  6G  acres;  this  would 
require  a  pump  which  would  deliver  four 
second-feet  (17115  g.p.m.).  The  brake  horse 
pi  iwer  required  to  drive  this  pump,  assuming  a 
pump  efficiency  of  70  per  cent,  would  be  found 
by  applying  the  foregoing  formula,  that  is: 

„„     GPMxH  .     .      . 

HP=    3960x£  -.°r  substituting 

we  have 

H         1795X30 

39(50  X.  70        '     5 

Assume  that  it  was  necessary  to  pump  1^ 
a  ere -feet  of  water  per  acre  per  season.  For 
264  acres  it  would  require  a  total  of  396 
acre-feet  of  water.  Since  the  pump  supplies 
a  maximum  of  1795  gallons  per  minute, 
it  would  have  to  operate  a  total  of  1198  hours 
during  the  season. 

Since  the  brake  horse  power  required  to 
drive  the  pump  is  19.43,  the  kilowatt  hours 
consumed  during  the  season  would  be  ob- 
tained by  the  following  formula,  assuming  a 
motor  efficiency  of  86  per  cent. 

A  11   H  = = 

E 

In  which 

K  W  H=  Kilowatt  hours 

H  =  Total    number    of    hours    motor 
operates 
H  P  =  Brake  horse  power  delivered  by 
motor 
E  =  Efficiency  of  motor  expressed  as 
a  decimal. 

Substituting  the  above  values  in  this  formula 
we  have: 

A.u.„=119SX0J46X19.43  =  2||li)1(i), 

U.oO 

From  the  above  rate,  based  on  a  connected 
load  of  a  20-h.p.  motor  for  5  months,  the 
total  power  charge  would  be  as  follows: 

20  h.p    at  8.50  per  h.p.  per  month  for  5 

months $165.50 

20,191.66  kw-hr.  at  0.017  per  kw-hr 343.26 

Total  amount  for  power $508.26 
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we   figured   on  p 
.ni  each  to 
and  since  the  total  cost  for  p  i  i08.26, 

1 1 1 ;  i ;     1  '  •    ■  r   acre 

- 1  .92. 
a  lift  twi.-c  as  high  the  cost  per  acre- 
rould  not  be  twice  the  above  amount, 
due  to  the  fact  that  the  pump  wou 
efficient,  also  the  kilowatt-hour  char  i 
as  the  ses. 

The    first     cosl     of    irrigating    i 
which   will   be   correct    for  all    conditions  is 
practically  impo  isible  to  to  the 

many  factors  which  enter  when  arriving  at 
the  first   cost.     The  m>  anl    factors 

which    govern    the    first    cost    of    irri 
equipment     are    location    of    water    supply 
with  respect  to  location  of  the  pumping  unit, 
the  ti  1 1 . 1 1  lifl  -  nati 

of  water  required  for  various  cro 
pense  i  ion,  nature  of  si  >il,  etc  .  but 

the  examples  in  Table  V  will  serve  to  indicate 
the  first  cost  of  several  plants  which  were 
reci  ntly  installed  along  the  Missouri  River 
in  the  vicinity  of  Fort  Benton,  Montana. 

In  Table  V  it  will   be  noted  that  power 
was    obtained   from    a    L3,200-volt,    3-phase, 
60-i  rele   line   in   all   but    three   instances,   in 
which    cases    power    was    obtained     1- 
2300-volt,  3-phase,  60-cycle  line.     Add' 

as  allowed  in  some  of  the  13,200- 
volt  transformers  from  that  required  by  the 
motor  on  the  pump,  as  power  is  also  used 
for  other  purposes  in  these  instances. 

In    order   to   put   in   the   various   pro 
mentioned  above  it  was  necessary  to  obtain 
1  lower    from    a    50,000-volt    line    where    one 
power  transformer  was  installed  by  the  Power 
Company  to  step  the  voltage  down  to  13,200 
volts.     From  this  substation  it  was  neci 
fi  n-  t  he  various  ranchers  to  build  their  own 
line  to  take  in  the  different  pumping  plants; 
this  line  is  :>2  miles  long,  and  is  owned  and 
ted  by  the  various  ranchers,  but  built 
under  the  supervision  of  the  Power  Company. 
The  line  was  built  to  handle  a  total  of  ap- 
proximately 400  h.  p.,  but  when  first  put  into 
:  ion  handled  a  little  over  half  this  capac- 
ity.    The  ranchers  incorporated  for  the  total 
ost  of  the  line  and  issued  a  number  of 
shares  of  stock,  equal  in  number  to  the  full 
horse  power  capacity  of  the  line.     The  cost 
per  share  was  arrived  at  by  dividing  the 
cost  of  the  line  by  the  total  horse  power  which 
iuld  serve  when  first  put  in  opera- 
tion.    Each  rancher  purchased  a  number  of 
of  stock  equal  to  the  horse-power  rat- 
r  his  motor  which  took  care  of  the  first 


cost  of  the  line.     However,  when  additional 

i   I    to   the  line,    the   new 

members  were  required  to  purchase  a  number 

of  shai  ual  to  the  horse  power 

itor  being  connected.     This 

;   recei   ed  from  a  nev  ction  was 


Fig.  9.     Transformer,  Lightning  Arresters,  etc., 
for  13,200/220-volt,  3-phase,  60-cycle  Line 

divided  as  a  dividend,  the  new  members' 
shares  participating  in  the  dividend.  This 
scheme  ultimately  cut  down  the  individual's 
cost  very  appreciably.  The  stock  was  made 
assessable  by  their  articles  of  incorporation 
so  that  when  it  became  necessary  to  pay  more 
than  par,  an  assessment  was  declared.  For 
upkeep  and  additional  expense  from  time  to 
time,  assessments  are  called  for. 

It  was  necessary  to  incorporate  to  have  a 

guaranty    of    the    various    deeds    for    these 

rights  of  ways.     Another  feature  why  it  was 

found  necessary  to  incorporate  was  that  in 

of   accident    to   any   one  from   the   line, 
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providing    it    were    bo    be    owned    bj 

partnership,   each   individual   would    b 

sonally  liable  for  all  damagi 

suffered,  whereas  the  corporation 

the  extent  of  its  assets  only.      I'. 

if  a  judgment   should    be    rei 

the  corporation  for  a  certain  amount,  thi 

assets  would  be  the  power  line,   to  b 

by  the  sheriff,  and  it  could  be  bouj  hi  in  by 

some  one  of  the  Company  for  a  non 

as  no  one  would  care  to  buj  a  power  Hue  not 

interested  in  it.     There   were  '  .,-.  era! 


ol     I . 

irally 

irngati 
each 
for  tin 


Pump 
Capacity 
i  Gal.  P.  M 


1000 

10(H) 
1500 
1600 
2000 
2000 


16.5 

24 

16 

14 

17 

21 


Number 

Acres 
Irrigated 


150 
148 
221 ) 
245 
285 
300 


Horse  Power 

Direct-       :   gf  Mo.tor  alj 

Connected    '   S,qulrre01 

Belted        C*«e-         3- 

phase,      60- 

cycles 


Ki'-a.  Capacity     with      S 
of  transform-    Overload     Rela 

I-     Low     ', 


dftec.1 

direct 
direct 
direct 
belti  d 


2000 
3000 
2000 

30 
14 
17 

290 
400 
280 

direct 
direct 
belted 

1500 

22 

215 

direct 

1000 
2-2000 

18 
17 

140 
551 ) 

direct 

belted 

*  2200-volt  motors. 
f  Vertical  motor  and  pump. 
AIncludes  2  oil  pole  line  switches. 


10 

15 
151 
15 
l'h 
25* 

30 
30 

i'.v 


200-volt  Pri 
mary  220/440 
volt  50" 


III 
15 
15 
15 
25 
No.  tran 

No.  trans. 

No.  trans. 

10 
50 


mp  with 
rad  Suc- 
tion and  Discharge  Pipe 
f.o.b.  Ft.  Bent..- 


Total    ( 
410-volt,    3-pi.  , 
cycle,         Tran 
with     Combined      Dis- 
connecting Switch  and 
Primary    Fuse    with    3 
i:i200-vo!t         Arresters 
f.o.b.  Ft.  Benton,  Mont. 


Less  pumps 


■  .  80 

885.00 

816.60 

816.60 

L024  00 

1 .30 

130.65 

ins.  2200 

volt  service 

lie,, 

10.V. 

1  140.75 

No.  trans.  2200 

volt  service 

1280.55 

volt  service 

809.25 

770.25 

' 

reasons  why  it  was  found  necessary  to  in- 
corporate, but  the  foregoing  will  serve  to 
bring  out  the  most  important  reasons. 

In  connection  with  the  installations  re- 
ferred to,  it  is  of  interest  to  know  that  several 
of  them  replaced  older  installations  of  various 
kinds  such  as  steam  plants,  oil  engine  plants 
and  water  wheels,  which  either  proved  too 
expensive  to  operate  or  were  unreliable  in 
operation.  Excellent  results  have  bei 
tained  from  these  privately  owned,  el 
cally  operated  plants. 

A  number  of  large  projects  have  been  put 
into    operation    in    Montana    where    si 
thousand  acres  are  irrigated  by  means  of  a 
central  pumping  plant.     An  example  of  such 
an  installation  is  the  Prickiev  Pear  Pr< 
The   Prickley   Pear   Project   is   located   from 


year  period,  is  2,8"   '  i    in  the  Montana 

Experiment  Bulletin  No.  LOT. 

The    annual    precipitation    for 
is  about  in  in.;  the  greater  portion  of  which 
falls  during   the  June 

The    ;  ily   for  the   project    is    I 

Helena,  an  ded  by  the 

70-ft,    dam    at     Hauser    Lai 
of   the    Montana  i  ny,    on    the 

uri  River 

Two  ated  pump- 

ing   stations    sue 

rater  for  irri  ■  e  is  known 

as  the  North  I'm  d  Si  uth 

Unit  ited  about  a  mile  apart.    The 

North  Unit  suppl  proximately 

5,477  three    main    canals, 

[y,  . I,  B,  an 
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( 'anal  (  '  has  a  fc<  ttal  lifl   i  il    155  I  d  is 

30  econd-fei  i  ipacit  at  the  beginning,  and 
5-second-fee1  capacil  \  al  the  end.  It  is  0 
miles  in  leu  al  B  has  a  total  lift  of 

1  111  ft.  and  is  of  similar  size  and  construction 
bo  I  anal  I  .  and  is  7  miles  in  length,  ('anal 
.1  has  a  total  lift  of  75  feet  and  is  also  of  sim- 
ilar size  and  construction  to  Canal  C,  and 
miles  in  length.  The  three  canals  run 
parallel  to  one  another  from  east  to  west. 
All  these  canals  have  a  slope  of  1  fl  1"  1  t'1111 
fl  ;  the  side  slopes  being  1  '  •>  to  1  The  canals 
in  the  main  follow  the  general  contour  of  the 
land,  but  the  cul  and  till  system  was  used  to 
a  considerable  extent  with  numerous  flumes, 
which  vary  in  size  from  96  in.  to  r>  in.  The 
flumes  are  supported  by  standard  wooden 
frame  construction.  The  turnouts  are  of 
concrete  construction,  designed  and  con- 
structed on  the  project. 

Wood  stave  pipe  lines  convey  the  water 
from  the  station  to  the  canals.  The  pipes 
arc  .'ill  in.  in  diameter  and  were  constructed 
of  Oregon  fir  and  steel  bands.  The  wood 
was  not  treated  and  the  pipes  buried  in  the 
soil.  In  this  connection  it  is  of  interest  to 
note  that  by  the  end  of  the  sixth  season,  the 
pipe  lines  had  badly  rotted  and  were  replaced 
with  treated  timber — redwood,  unburied. 

The  length  of  pipe  line  .4  is  1600  ft. 
The  length  of  pipe  line  B  is  2100  ft. 
The  length  of  pipe  line  C  is  2900  ft. 

Concrete  outlets  are  provided  at  the  head 
of  the  canal  for  each  pipe  line. 

The  pumping  plant  consists  of  a  steel  frame, 
corrugated  iron  structure,  with  a  concrete 
foundation  60  by  45  by  3.5  ft.,  and  houses 
the  following  equipment: 

One  triple-pole,  single-throw,  70,000-volt,  100- 
ampere  oil  circuit  breaker,  with  overload  trip. 

Three  600-h.p.,  1200-r.p.m.,  2200-volt,  3-phase, 
60-cycle,  squirrel  cage  induction  motors. 

Three  900-kv-a.,  70,000-volt  primary,  2200-volt 
secondary,  60-cycle,  single-phase,  oil-cooled 
transformers,  having  taps  in  the  secondary  for 
1100  and  1600  volts,  which  taps  are  used  as 
starting  taps  for  the  motors. 

One  5-panel  switchboard. 

Nine  12-in.  Kl-second-foot,  single-stage,  double- 
suction  volute  pumps. 

Three  3-kv-a.,  2200-volt  primary,  110/220-volt 
secondary,  single-phase,  60-cycle,  oil-cooled 
transformers  for  station  lighting  and  vacuum 
pump  motor. 

One  5-h.p.  induction  motor,  direct  conno 
the  vacuum  pump. 

One  70,000-volt,  3-phase,  electrolytic  lightning 
arrester. 

The  pumps  are  arranged  in  three  sets, 
three  pumps  to  one  motor.     The  motors  and 


pumps    are    din  i  ected    through    flex- 

ible couplings,     Bach  unit  consists  of; 

( Ine  600-h.p.  motor. 

One    LO-second-foot,    12-inch   75-foot  head 

volute  pump. 
One   LO-second-foot,   12-inch   110-foot  head 

volute  pump. 
One  LO-second-foot,  12-inch   1.55-foot  head 

volute  pump. 

The  head  pump  is  locafc  d  on  one  side  of  the 
motor,  and  the  two  low  head  pumps  are 
d  on  the  other  side  of  the  motor.  The 
three  sets  are  exact  duplicates  of  each  other. 
and  pumps  for  the  same  lifts  arc  arranged 
in  parallel  with  each  other.  All  pumps  of 
the  same  lift  discharge  into  a  common 
header  which  extends  outside  the  station 
and  joins  the  pipe  line  in  a  concrete  joint. 
The  header  is  constructed  of 

The  switchboard  consists  of  five  panels, 
namely,  a  primary  panel  on  which  is  mounted 
an  indicating  wattmeter  and  integrating 
watthour  meter,  a  voltmeter  and  operating 
mechanism  for  the  primary  oil  circuit  breaker; 
a  2200-volt  incoming  line  panel;  and  three- 
motor  panels;  each  motor  panel  contains  a 
starting  and  running  switch  for  the  600- 
h.p.  motor  and  an  ammeter.  The  starting 
and  running  switches  on  each  panel  are  so 
interlocked  that  it  is  impossible  to  close  the 
running  switch  without  first  closing  the 
starting  switch;  this  prevents  the  incorrect 
starting  of  the  motors. 

The  station  is  operated  by  a  single  attend- 
ant, who  sleeps  in  or  near  the  station. 
Automatic  alarms  are  provided  to  warn  him 
of  trouble  within  the  station.  One  canal 
rider,  who  is  provided  with  a  horse,  looks 
after  the  ditches,  reads  the  wiers  and  reports 
to  the  project  manager  each  day.  In  the 
station,  curves  of  each  pump  are  kept,  which 
indicate  the  amount  of  discharge  for  each  inch 
opening  on  the  discharge  valve  stem  of  the 
pump.  This  scheme  enables  the  attendant 
to  arrive  at  the  required  amount  of  water 
for  each  ditch. 

The  South  Unit  supplies  water  for  approx- 
imately 2720  acres  through  two  miles  of  90- 
second-foot  canal;  the  total  lift  being  162  ft. 

The  original  plans  called  for  one  main  90- 
s^cond-foot  canal  divided  at  its  end  (the  two- 
mile  point),  into  two  45-second-foot  canals. 
The  plans  for  one  of  these  45-second-foot 
canals  called  for  the  construction  of  a  600-ft. 
tunnel  through  quartzite.  This  canal  has 
not  as  yet  been  built,  but  all  construction 
work  put  in  provides  for  its  future  construe- 
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tion.     The  other    15-s 

put  in  and   is  seven   miles   in   length.      The 
canals    follow    thi  ontour    oi 

land,  using  an  economic  cu1  and  till  method 
for  practically  all  of  the  excavation.  I 
is  one  96-in.  flume  approximately  150 
long.  The  turnouts  are  of  the  east  iron  gate 
valve  type,  14  and  16  in.  in  diameter  and 
fitted  to  suitable  tiling.  The  gates  are  pro- 
vided with  locks. 

The  wiers  are  of  the  Chippoletti  type,  two 
feet  and  four  feet  in  size,  ami  are  provided  with 
filling  boxes  for  accurate  measurements. 

One  wood  stave  pipe  line  constructed  of 
untreated  pipe,  laid  above  the  ground,  con- 
veys the  water  from  the  station  to  the  head 
of  the  90-second-foot  canal.  A  concrete 
automatic  syphon  spillway  was  constructed 
at  the  end  of  the  90-second-foot  canal.  This 
is  similar  in  construction  to  the  automatic 
spillways  used  on  dams,  and  was  installed 
to  protect  the  small  canal  from  excess  water, 
resulting  from  accidentally  running  both  45- 
second-foot  pumps  too  long  at  the  same  time. 

The  pumping  station  consists  of  a  steel 
frame  and  corrugated  iron  building  and  con- 
tains the  following  equipment: 

Three  900-kv-a,  70,000-volt  primary,  2200-volt 
secondary,  60-cycle,  single-phase  water-cooled, 
transformers,  having  taps  in  the  secondary  for 
1100  volts,  which  taps  are  used  as  starting 
taps  for  the  motors. 

Two  940-h.p.,  900-r.p.m.,  2200-volt,  3-phase,  60- 
cycle  squirrel  cage  induction  motors. 

Two  24-inch,  45-second-foot  volute,  single-stage 
pumps. 

One  4-panel  switchboard. 

One  5-kv-a.,  2200-volt  primary,  110/220-volt 
secondary,  3-phase  transformer. 

One  5-h.p.  induction  motor  for  driving  the 
vacuum,  pump. 

Just  outside  the  station  is  located  a  pole 
type,  triple-pole,  70,000-volt  air  break  switch 
provided  with  fuses  on  the  station  side. 

Each  of  the  two  45-second-foot  pumps  are 
direct  connected  to  one  940-h.p.,  squirrel 
cage  motor.  The  two  pumps  discharge  into 
a  common  header  which  runs  along  the  floor 
out  through  the  side  of  the  station  and  joins 
the  pipe  line  in  a  concrete  joint. 

Twenty-four-inch  gate  valves  operated 
through  gears  and  chain,  by  hand,  are  in- 
serted in  the  discharge  side  of  each  pump, 
between  the  pump  and  the  header. 

The  switchboard  consists  of  four  panels, 
namely,  incoming  line  panel  containing  an 
integrating  watthour  meter,  an  inch' 
w  attmeter,  ammeter,  voltmeter  and  an  over- 
load oil  circuit  breaker,  having  overload  and 
low   voltage   release   for   controlling   the   rn- 


2200-voll  oel   No.   2 

irting 
bus,  and  has  an  < 
trolling  this  circuit.     I' 
940-h.p.  motor  panels,  each   having   an  am- 
meter,   a  d    running    oil    circuit 
er;   the  running  side  of  which   is  pro- 
ided             i             :    relays.      Tl 
artd     nimii!  arc     SO     inter!- 
that   it    is   impo  he    running 
switch     without  ie     starting 
switch,    which    will    prevent    th< 
starting  of  the  motors. 

This  station  is  i iperated  bj    a 
ator,    and    one   canal    rider,    similar   to    that 
described  for  the  North  I 

The    valve    stems    of     these     pumps    arc 
calibrated  to  read   discharge   in 
for  each  inch  opening  of  the  valve  stem. 

The   water  users   on   this   project  an 
quired  to  give  24  hours  notice  when  request- 
ing water. 

It  has  been  demonstrated  beyond  doubt 
thai  irrigation  is  the  best  crop  insurance 
obtainable  and  it  has  been  found  to  be  a 
good  investment,  even  though  water  is  re- 
quired only  once  in  four  years. 

TABLE  OF  EQUIVALENTS 

1  acre  is  208.76  feet  square. 

1  acre  equals  43,560  squat' 

1  acre-foot  equals  325,850  gals. 

1  second-foot  equals  40  Montana  Statutory 
Miner's  inches. 

1  cubic  foot  of  water  weighs  62.5  pounds  and 
contains  7.48  gallons. 

1  second-foot  equals  7.48  gallons  per  second; 
448.8  gallons  per  minute;  646,272  gallons  per 
day. 

1  miner's  inch  equals  11.22  gallons  per  minute. 

1  miner's  inch  for  thirty  days  will  cover  an  acre 
1.49  feet  deep. 

1  miner's  inch  for  the  ordinary  irrigating  season 
of  150  days  will  cover  an  ai  n    7   136  feet  deep. 

1  miner's  inch  (lowing  from  April  to  September 
inclusive  (183  days)  will  cover  an  acre  9.072 
feet  deep. 

1  gallon  weighs  8.33  pounds. 

1  gallon  equals  231  cubic  inches. 

The  horse  power  is  the  unit  of  mechanical  energy 
and  is  the  energy  required  to  lift  a  weight  of 
550  pounds  through  a  vertical  distance  of  one 
fool  in  one  second;  550  pounds  of  water  drop- 
ping one  foot  per  second  would  be  capable  of 

doing  work  t.>  thi    ai nit  of  one  horse  power 

for  each  foot  of  drop. 

1  second-foot  falling  8.8  feet  equals  one  horse 
power. 

The  watt  is  the  unit  of  electrical  energy;  .40  watts 
equals  one  horse  power. 

The  kilowatt  is  equal  to  1000  watts,  or  approx- 
imately 1  V3  horse  power. 

The  kilowatt  hour  is  the  basis  on  which  eh 

is  sold;  it  represents  the  use  of  one  kil- 
owatt for  one  hour. 
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A  New  Type  of  Stabilizer  for  Use  With  the 
Coolidge  Tube 

By  W.  K.  Ki  aksi.iv,  Jr. 
Rkseakcii  Laboratory,  GENERAL  ELECTRIC  Company 

It  is  highly  desirable  to  hold  a  constant  current  in  a  Coolidge  tube.  Two  stubborn  factors  had  to  be  over- 
come before  this  could  be  accomplished — the  variations  in  the  line  voltage  and  some  means  of  compensating  for 
the  small  quantities  of  gases  which  are  liberated  in  the  tube  itself.  The  device  described  in  the  present  article 
overcomes  these  difficulties  and  gives  a  constant  current  under  all  conditions  of  operation.  The  subject  matter 
of  our  article  is  taken  from  a  paper  read  by  the  author  at  the  annual  meeting  of  the  Radiological  Society  at 
Deo  mber,  L920. — Editor. 


In  1913  when  Dr.  Coolidge  made  the  first 
tests  of  his  hot  cathode  X-ray  tube  he  found 
that  to  obtain  a  steady  milliamperage  through 
the  tube  he  must  keep  the  filament  tempera- 
ture steady.  To  this  end,  a  storage  battery 
was  used  as  a  source  of  current  to  heat  the 
filament. 

Storage  batteries  were  all  right  in  the 
laboratory  but  were  far  from  satisfactory  in 
the  doctor's  office  for  several  reasons.  The 
demand  for  something  better  led  to  the  use 
of  a  "filament  transformer."  This  device 
required  no  attention,  was  always  ready  for 
use  and  was  so  much  better  than  the  batten- 
that  it  has  now  come  into  universal  use. 
Substituting  the  filament  transformer  for 
the  battery  introduced  the  factor  of  line 
voltage  fluctuations  and  its  effect  on  the 
temperature  of  the  filament.  To  eliminate 
or  neutralize  these  fluctuations  various  types 
of  constant  current  transformers  or  stabilizers 
were  devised  with  varying  degrees  of  success. 

In  all  of  these  devices  the  aim  was  to  hold 
a  definite  constant  current  through  the  fila- 
ment regardless  of  line  voltage  fluctuations. 
This  would  prevent  sudden  changes  in  milli- 
amperage through  the  tube  due  to  line  volt- 
age changes,  but  would  not  take  care  of 
changes  in  milliamperage  due  to  liberation 
of  small  quantities  of  gas  in  the  tube  during 
a  long  run. 

With  these  facts  in  view  it  seemed  clear 
that  the  ideal  stabilizer  would  be  one  which 
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would  immediately  correct  any  tendency 
toward  a  change  in  milliamperage  caused  by 
either  line  voltage  or  tube. 

The  following  is  a  description  of  a  new 
form  of  stabilizer  which  is  operated  directly 
by  the  high-tension  current  which  flows 
through  the  tube.  Any  change  in  this  high- 
tension  current  causes  the  stabilizer  to  act 
directly  on  the  current  flowing  through  the 
filament.  If  for  any  reason  the  high-tension 
current  through  the  tube  tends  to  drop,  the 
stabilizer  immediately  increases  the  filament 
current  sufficiently  to  prevent  the  drop.  The 
same  holds  true  for  a  rise  in  high-tension  cur- 
rent ;  the  filament  current  in  this  case  is  imme- 
diately lowered  enough  to  keep  the  milliam- 
perage at  the  desired  value. 

Fig.  1  shows  diagrammatically  the  prin- 
ciple upon  which  the  stabilizer  operates.  .4 
is  an  electro-magnet  which  is  connected 
directly  into  the  high  tension  circuit.  All 
of  the  high  tension  current  passes  through 
this  magnet.  B  is  an  iron  armature  which 
is  free  to  vibrate  when  current  passes  through 
the  magnet  A.  C  and  D  are  contacts.  One 
of  these  is  fastened  to  armature  B  and  moves 
w  ith  it  while  the  other  remains  fixed.  These 
contacts  are  in  series  with  the  filament  in 
the  X-ray  tube.  There  is  also  a  small  fixed 
resistance  R  which  is  connected  across  the 
wires  leading  to  the  contacts.     S  is  a  spring 
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Fig.  1 


Diagram  Showing  Stabili 
High-tension  Circuit 


Fig.  2.      Diagram  Showing  Stabili; 
Low-tension  Circuit 
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which   pulls   the   armature    i    .,      from   the 
magnet. 

The  operation  is  as  follows: 

We  will  assume  that  a  small  currenl  oi  say 
1   or  2  mil-amp.  is  allowed    in    \],,,,    n 
the  tube  and  magnet  A.    This  currenl  i 
a  pull  on  the  armature  B,  but  if 
the  spring  5  is  sufficiently  sti 
the  armature  will  not  move.     Now 
if  the  current  is  increased  to  say 
10  mil-amp.  the  magnet  overcomes 
the  tension  of  spring  S,  and  the 
armature  moves  toward  the  mag- 
net.    The    instant    the    armature 
moves  contacts  C  and  D  separate 
and    the    filament    current,    which 
was  purposely  set  at  a  higher  value 
than   that    necessary   for    10   mil- 
amp.,  now  has  to  pass  through  the  f„ 
small    resistance    A'.     This   resist- 
ance  immediately   lowers   the   filament   cur- 
rent, which,  of  course,  keeps  the  high  tension 
current  through  the  tube  from  going  higher. 
This  operation  is  repeated  for  each  cycle  of 
high  tension  current  passing  through  the  tube. 


will  sepai  it(       l' 

through  the  tub 
farther  awaj  from,  or 
B  whu 


Fig.  3.     Curve  Made  with  an  Oscillograph,  "A'*  Filament  Current; 
"B"  High-tension  Current  Through  Tube 


It  will  be  seen  then  that  the  high-tension 
current  through  the  tube  is  controlled  by  the 
tension  of  spring  S.  If  20  mil-amp.  is  desired 
instead  of  10  mil-amp.,  the  tension  of  spring 
S  is   increased.      More   current  now  has   to 


WITHOUT   STABILIZER 

WITH  STABILIZER 

Volts 

Mil-amp. 

Volts 

Mil-amp. 

77 

2.2 

70 

2.0 

80 

3.3 

77 

2.0 

82 

4.3 

84 

2.05 

84.5 

6.0 

87 

2.05 

86.5 

7.0 

90 

2.05 

89.5 

8.4 

'.»3..r> 

2.05 

91.0 

10.0 

96.5 

2.05 

92.5 

11.5 

99 

2.05 

95 

13.8 

103 

2.05 

96.6 

15.0 

106.5 

2.05 

the  number  of  turns  of  wire  on  the  magnet 
may  be  varied  by  means  of  one  or  more  taps, 
or  in  other  ways.  ' 

Fig.  2  shows  another  method  of  conno 
the  stabilizer  to  the  tube  circuits       [i 
i  ase  the  magnet  coil  is  i 
the  center  taps  brought  ou1   from 
the    high-tension  winding  of   the 
transformer  and  th<  contad    i 
l>  are    inserted    in   series  with   the 
primary    of    the    filamenl 
I'  inner.     The  operation  is  the  same 
in   either  case.      On    I : 
formers  having  no  lead 
out  from  the  center  point   of  the 
high-tension   winding,   it   is 
sary  to  connect    the   stabilizer  in 
the     high-tension     lead      to     the 
cathode  of  the  tube  as  shown  in 
Fig.  1.    In  this  case  tin     tabilizer 
becomes  part    of   the   high-tension 
circuit. 

Table   I  shows   the   effeel    "t"   lii 
variations  on  a  tube  without   staiblizer,  and 
the  same  tube  with  the  stabilizer  in  circuit. 

The  stabilizer  in  this  case  was  set   for  2.0 
mil-amp. 

Table  II  shows  how  the  stabilizer  main- 
tains  the   current    through   a    radi: 


WITHOUT    STABILIZER 

WITH  STABILIZER 

Time 

Mil-amp, 

Time 

Mil-amp. 

0     min. 

10.0 

0     min. 

Ill 

Vi 

9.6 

V* 

III 

1 

9.3 

1 

1(1 

1H 

9.0 

I'-J 

1(1 

2 

8.7 

2 

1(1 

VA 

8.1 

zy. 

10 

3 

7.0 

3 

1(1 
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lulu-  during  a  long  exposure.  The  tube  was 
firsl  connected  to  a  filament  control  rheostat 
in  the  regular  way  and  the  current  adjusted 
to  10  mil-amp.  Readings  were  then  taken 
every  half  minute  up  to  three  minutes.  The 
tube  was  then  allowed  to  cool  and  the  stabilizer 
connected  in  circuit.  <  Jurrent  was  adjusted  to 
in  mil-amp.  and  readings  were  taken  again. 

Fig.  5  shows  a  curve  made  with  an  oscillo- 
graph. The  tube  was  of  the  self  rectifying 
type.  The  lower  curve  represents  a  high 
tension  current  of  15  mil-amp.  through  the 
tube,  and  the  upper  one,  the  filament  current 
taken  at  the  same  time.  The  small  irregu 
lar  lines  in  the  filament  current  curve  show 
the  points  at  which  the  stabilizer  contacts 
opened  to  prevent  a  further  rise  in  milli- 
amperage  through  the  tube.  It  will  be 
noticed  that  there  is  a  break  in  the  filament 
current  curve  for  each  cycle  of  current  through 
the  tube.  This  shows  that  the  vibrating 
armature  vibrates  in  synchronism  with  the 
alternating  current  supplying  the  tube.  This 
is  important.  If  the  armature  did  not  vi- 
brate in   synchronism,   the   filament   current 


would  not  be  adjusted  to  the  correct  value 
on  some  of  the  cycles,  which  would  cause  a 
variation  in  the  milliamperage  through  the 
tube. 

I  ha1   the  stabilizer  does  produce  an  even 

t  current  through  the  tube,  even  though 

lament  current  is  changed  on  each  cycle, 

is  shown  by  the  evenness  of  the  peaks  of  the 

waves  in  the  lower  curve,  which  is  the  curve 

high  tension  current. 

Summary 

In  the  foregoing,  a  stabilizer  has  been 
described  which  is  operated  directly  by  the 
high  tension  current  which  flows  through  the 
tube.  Using  the  milliamperage  as  the  con- 
trolling clement  the  stabilizer  maintains  the 
desired  current  through  the  tube  regardless 
of  changes  either  in  the  line  voltage  or  in  the 
tube  itself. 

It  can  be  made  small  and  it  requires  a 
negligible  amount  of  energy  for  its  operation. 

It  should  prove  useful  wherever  it  is  desir- 
able   to    automatically    maintain    a    di 
amount  of  current  through  a  Coolidge  Tube. 


A  Paint  That  Will  Not  Reflect  Ultra  Violet  Rays 

By  W.  S.  Andrews 
Consulting  Engineering  Department,  General  Electric  Company 


The  dangerous  invisible  rays  of  ultra-violet 
light,  as  produced  by  the  electric  arc  in  welding 
of  iron  or  steel,  can  be  reflected  in  the  same  way 
as  visible  light.  Ordinary  spectacles  do  not, 
therefore,  provide  entire  protection  to  the  eyes, 
because  they  fail  to  obstruct  the  rays  which 
may  be  reflected  from  objects  in  a  sidewise  di- 
rection and  in  many  cases  these  rays  may  have 
a  dangerous  intensity.  For  this  reason  opera- 
tors should  always  wear  goggles  to  cut  off 
these  side  reflections,  and  when  engaged  on 
heavy  welding  work,  suitable  helmets  or 
masks,  and  gloves  should  be  worn  to  protect 
the  otherwise  exposed  skin  of  face,  neck,  hands 
and  arms. 

Almost  all  surfaces  that  reflect  visible  light 
will  also  reflect  the  invisible  ultra-violet 
rays  to  a  greater  or  lesser  extent,  but  there  is 
at  least  one  material  which,  although  pure 
white,  absorbs  them  completely,  so  that  it 
would  appear  jet  black  if  we  could  see  it  by 
this  light  alone.  This  material  is  zinc  oxide 
or  Chinese  white,  and  its  curious  property,  as 
above  stated,  was  discovered  by  Professor 
R .  YV.  Woe  id.  While  experimenting  along  these 
lines,  he  covered  surfaces  with  various  white 
paints  such  as  white  lead,  lime,  zinc  oxide,  etc., 
and  found  that  although  they  could  hardly  be 
distinguished  one  from  the  other  under  visible 


light,  strange  to  say,  the  surface  painted  with 
zinc  oxide  absorbed  all  the  ultra-violet  radia- 
tion, so  that  it  reflected  practically  nothing 
but  harmless  visible  light. 

As  a  further  source  of  safety  to  operators 
and  chance  lookers-on,  it  is  evidently  de- 
sirable that  the  walls  and  ceilings  of  shops 
where  electric  arc  welding  work  is  done 
should  be  covered  with  a  paint  that  will 
absorb  the  ultra-violet  radiations,  so  that 
their  reflecting  power  may  be  reduced  to  a 
minimum.  Paint  made  with  zinc  oxide,  that 
is,  Chinese  white,  will  answer  this  end,  but 
pure  white  would  naturally  produce  too 
dazzling  an  effect,  so  it  is  best  to  tone  it 
down  to  a  light  gray  with  lampblack,  which 
only  slightly  affects  its  ultra-violet  absorbing 
quality.  Also  the  paint  must  be  mixed  so  as 
to  produce  a  dead  surface,  as  even  Chinese 
white  when  made  so  that  it  dries  with  a 
glossy  surface,  will  reflect  the  dangerous 
rays.  Perhaps  the  best  adhesive  medium  is 
glue  water,  such  as  is  used  with  lime  for 
kalsomining,  as  this  is  cheaper  than  oil,  and 
the  paint  so  made  will  dry  with  a  smooth 
unglazed  surface.  For  covering  any  con- 
siderable wall  surface  it  will  be  found  con- 
venient and  economical  to  apply  it  with  a 
paint  sprayer. 
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The  Ratio  Adjuster 


By  A.  E.  Wing 
Transformer  Engineering  Department,  Pittsfield  Work-,  Generai   Electrii   Company 

The  device  described  in  this  article  has  been  developed  to  provide  a  convenient  means  of  changing  the 
ratio  of  a  transformer.     The  common  practice  has  been  to  bring  the  laps  from  the  transformer  winding 
terminal  board  located  under  the  oil,  the  change  in  connection  being  m  i  by  band.     This  pra 

was  quite  often  inconvenient  and  uncomfortable  and  attended  by  the  liability  of  making  wrong  connei  I 
The  ratio  adjuster  accomplishes  the  change  of  connections  through  a  fractional  turn  of  a  ba- 
the surface  of  the  oil,  which  is  readily  accessible,  thoroughly  insulated,  and  which  carries  a  pointer  indicating 
the  connections  for  the  various  positions.— Editor. 


Heretofore,  the  usual  method  of  changing 
the  ratio  of  a  transformer  tp  compensate  for 
voltage  drop  in  transmission  has  been  by 
means  of  taps  in  either  the  high  or  the  low 
voltage  winding  brought  to  a  terminal  board 
under  oil  where  a  part  of  the  winding  could 
be  cut  out  of  use. 


Second. — Tin  oard  is  many  times 

jarily  almo  ! 

if  the  connect  ions  of  the  transformer  are 

very  o  <m\  >li<  at  'I  and  1 1  i  is  high. 

Third. — The  operator  is  liable  to  dr<  >] 

or  a  connector  into  the  windings  of  the 

transformer. 


Ready     for      Tank,     Showing 
15-amp.    Ratio    Adjuster 

Some  of  the  disadvantages  of  this  means  of 
adjusting  the  ratio  are: 

First.— The  terminal  board  must  be  under 
oil,  which  requires  that  the  operator 
either  must  put  his  hand  in  the  hot  oil 
to  change  connections  that  are  not  always 
visible,  or  he  is  put  to  the  inconvenience 
of  lowering  the  oil  below  the  terminal 
board. 


Fig.  2.     Ratio  Adjuster  Units,  25  and  15  amp. 

Fourth.     Unless    the    terminal    board    has 
been  made  "fool  proof"  it  is  possible  for 
the  operator  to  make  a  wrong  connection. 
either  short  circuiting  a  part  of  the  wind- 
ing or  leaving  the  winding  open. 
Fifth.     The  contact  parts  may  not  be  prop- 
erly tightened. 
Recognizing    these    disadvantages    it    has 
long  been  the  opinion  of  many  engineers  that 
a    thoroughlv    reliable    device    was    m 
wherein-  the' tap  connections  could  be  ei 
and  accurately  changed  without  the  nece 
of  having  any   live  parts  abo 
windings.    A  device  has  been  j  igned 

which  fulfills  all  ol  [uirements. 

is  not,  however,  intended  for  changing  the 
connections  while  the  transformer  is  under 
excitation,  it  cannot  correctly  be  termed  a 
switch  and  has  therefore  been  called  the  ratio 
adjuster. 
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ratio  adjuster  (sec  Fig.  1)  is  a  simple 
and  compact  device  so  designed  thai  all  tap 
ci  innection!  can  ea  ;il]  be  changed  by  the 
fractional  turn  of  a  handle  above  the  surface 
hi  the  oil  near  a  hand-hole  opening  in  the 
cover  of  the  transformer.  It  consists  of  a  heavy 
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insulating  tube  containing  a  connector  mech- 
anism which  is  joined  to  the  handle  above 
the  oil  level  by  a  long  insulating  rod.  The 
handle  carries  a  pointer  that  sweeps  over  the 
surface  of  a  dial  to  indicate  the  position  of  the 
connection  below. 

The  connector  mechanism  is  the  important 
part  of  the  adjuster.  It  consists  of  two  thick 
discs  of  insulating  material  that  hold  several 
vertical  brass  rods  equally  spaced  in  the 
•  niter  circumference,  the  whole  forming  a 
cage-like  frame  (see  Fig.  2).  The  rods 
extend  through  the  bottom  support,  provid- 
ing a  means  for  attaching  them  to  the  various 
taps  in  the  transformer  winding.  Within  the 
cage  is  a  crank  supported  in  the  center  of  the 
discs.  On  the  offset  of  this  crank  are  several 
cylinders  enclosing  springs,  which  force  them 
into  place  between  the  rods  as  the  crank  car- 
ries them  from  one  position  to  the  next.  The 
cylinders  provide  a  rolling  contact  against 
the  rods,  which  is  preferable  to  a  sliding  con- 
tact because  it  precludes  the  possibility  of 
the  connectors  remaining  in  an  open  circuit 
position.  The  connectors  fall  into  place  with 
a  positive  snap,  and  it  is  impossible  to  leave 
the  contacts  midway  between  positions. 

The  taps  from  the  transformer  winding  are 
permanently   attached   to   the  vertical    rods, 


and  all  designed  connections  can  be  made  by 
rotating  the  contact  cylinders  without  pos- 
sibility of  making  either  a  short  or  an  open  cir- 
cuil  'see  Fig.  3).  The  standard  adjuster  is 
designed  to  accommodate  four  taps.  Winn 
less  than  four  are  brought  out  from  the  wind- 
ing, an  open  circuit  is  avoided  by  properly 

d  stops  that  limit  the  sweep  of  the 
pointer  over  the  dial.  When  more  than  four 
taps  are  required,  two  or  more  adjusters  may 
be  used. 

e    contact-making    mechanism    is    sup- 
ported near  the  location  of  the  taps  tl 
eliminating  long  tap  leads  and  a  live  terminal 
in  anl  above  the  transformer  core  (see  Fi 

The  adjuster  is  designed  with  ample  con- 
tact surface  to  carry  any  momentary  short 
circuit  current  that  may  occur  in  the  winding 
to  which  it  is  attached,  without  damage  to 
the  contacts.  This  is  made  possible  in  very 
compact  form  by  the  self  aligning  feature  and 
the  large  radiating  surface  of  the  contacts 


Fig.     4.       Large     13,800-volt     Transformer 

Ready    for    Tank,    High-voltage    Side, 

Showing  100-amp.  Ratio  Adjuster 

The  taps  are  brought  out  of  the  body  i-i 
the  winding  (not  at  the  ends)  so  as  to  avoid 
the  abnormal  voltage  transients  to  which  the 
end  turns  are  subjected  from  the  transmission 
line.    The  ratio  adjuster,  because  of  its  eon- 
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tact-making  function,  can  have  no  solid 
insulation  between  contacts,  as  would  be 
required  to  delay  arc-over  if  placed  at  the  ends 
of  the  winding. 

The  adjuster  has  been  successfully  used 
with  many  thousand  transformers  up  to 
200  kv-a.  and  44,00(1  volts.  Its  use  as  a 
standard  feature  has  now  been  extended  to 
cover  the  majority  of  single  and  three-phase 
transformers  from  10  to  500  kv-a.,  18,200  volts 
and  higher.  Ultimately  the  adjuster  will  be 
standard  on  all  units  from  10  to  500  kv-a., 
6000  volts  and  above. 


The  following  sizes  of  rati'. 
been  designed  as  standard: 


Curretr.  Carrying  Capacity 

Transformer  Rating 

in  Amperes 

in  Kilovolti 

10  at 

17  or  less 

L5  ai 

25  at 

■tf  or 

50  at 

50  or  less 

100  at 

73  or  less 

200  at 

1 15  or  less 

500  at 

37  or  less 

500  at 

7:i  or  less 

Devices  for  Measuring  Turns  of  Coils 

By  S.  C.  Hoare 
Standardizing  Laboratory,  Lynn  Works,  General  Electric  Company 

Laboratory  methods  are  usually  developed  having  regard  to  extreme  accuracy  rather  than  sp< ■• 
many  of  these  methods  while  entirely  satisfactory  for  laboratory  use  are  too  laborious  and  slow  for  fa 
production.     This  is  true  of  the  ballistic  galvanometer  method  of  determining  the  number  of  turns  in 
and  other  methods  more  expeditious  have  had  to  be  developed.     This  article  describes  three  of  these  meth- 
ods, one  of  which  is  suitable  for  work  where  accuracy  greater  than  99  per  cent  is  not  required:  the  other 
two  methods  being  more  sensitive  are  peculiarly  well  adapted  for  testing  the  coils   of   electrical   instru- 
ments.— Editor. 


The  usual  method  of  measuring  the  number 
of  turns  in  a  coil  with  the  aid  of  the  ballistic 
galvanometer,  though  very  accurate,  is  much 
too  slow  and  laborious  for  general  shop  prac- 
tice. This  method  consists  simply  in  thread- 
ing the  coil  under  test,  together  with  a  stand- 
ard coil,  over  the  middle  section  of  a  long 
air-core  solenoid  which  acts  as  the  primary 
coil.  This  arrangement  may  be  used  in  two 
different  ways,  viz.,  a  null  method  where  the 
unknown  and  standard  coils  are  connected 
in  series  opposition  and  the  standard  is 
adjusted  so  that  upon  suddenly  reversing  the 
current  in  the  solenoid  no  galvanometer 
deflection  is  noted  (Fig.  1);  and  a  compara- 
tive method  where  the  deflections  of  the  gal- 
vanometer, when  connected  to  each  coil 
separately  through  suitable  series  resistance, 
are  noted  (Fig.  2). 

Both  methods  require  much  care  and 
patience,  and  therefore  are  wholly  unsuited 
for  uses  outside  of  the  laboratory-  More 
detailed  information  concerning  the  ballistic 
methods  mav  be  found  in  any  standard  text 
book  on  electrical  testing.  Present  day  con- 
struction of  various  types  of  electrical  appa- 
ratus demand  devices  for  quickly  and  accu- 
rately checking  the  finished  coils  in  the  fac- 
tory inspection  departments. 

All  the  devices  to  be  described  arc  deigned 
for  use  on  a  standard  110-volt,  60-cyele  sup- 
ply  line.      With  slight  changes  they  m: 
adapted  for  almost  anv  voltage  or  frequency. 


An    arrangement    developed    for   checking 

motor  field  coils  where  preci  ion  gn  ab  r  than 

99  per  cent  is  not  required  is  shown  in  Fig.  3. 

Here  P  is  a  long  iron  core  solenoid  serving  as 

a   transformer   primary    connected   across   a 

factory  alternating-curri 

having   an   open  magnetic   circuit,    is   made 

relatively  long  in  coin; 

section  to  insure  uniformity  of  magnetic  flux 

near  the  middle  part  whi  lis  S  and  A 

are  placed. 

The  unknown  X  and  standard  S  arc  each 
connected    to   a   high    resistance   voltn 
That  connected  to  5  has  a  single  index  mark- 
on  its  scale,  while  that  to  X  is  marked  in  I 

The  iron  core  is  set  up  in  a  vertical  positii  >n 
with  one-half  of  its  length   below  the  work 
bench.    The  standard  coil  being  permanently 
fixed  in  position  (in' this  particular  case 
operator  merely  drops  the  unknown  coil  over 
the  Coil   to   the   middle   part    and   insert 
leads  into  the  terminals,   thus  making 
nection  with  the  indicating  instrument.     B 
varying  the  rheostat  the  pointer  of  the  stand- 
ard instrument  is  brought  to  the  u   ' 
The  number  of  turns  is  then  very  accurately 
read  on  the  other  instrument. 

The  resistance  of  these  instrun* 
such  high  values  that  errors  due  to  variations 
in  resistance  of  the  coils  themselves  are  negli- 
gible. 

When  once  the  pointer  of  the  standard  is 
adjusted,  tl  l  of  the  other  duetto  A 
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depends  solely  upon  the  ratio  of  the  turns 
of  X  to  S.  With  the  pointer  on  the  index,  the 
primary  voltage  is  constant  and  variation  in 
voltage  of  the  source  is  compensated  in  the 
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Fig.  1.     Connection  Diagram  of  the 
Ballistic  Null  Method 


compensates  for  both  voltage  and  frequency 
changes. 

The  drawbacks  to  the  device  might  be 
summed  up  as  follows: 

1.     The  source  of  supply  must  be  steady 


KEh 


r@h 


"mmmmmmmp 


foriab/e  AG.  Source 


Fig.  3.     Connection  Diagram  of  a  Device  for  Measuring 
Tums  of  Coils  Within  a  Precision  of  99  Per  Cent 


.dattery       ffheo. 


Fig.  2.     Connection  Diagram  of  the 
Ballistic  Comparative  Method 

rheostat.  Any  variation  in  frequency  affects 
the  induced  e.m.f .  in  coil  5  and  X  in  the  same 
proportion.  A  variation  in  frequency7  can  be 
compensated  for  by  an  inverse  variation  in 
exciting   current.      Hence,    the   one   rheostat 
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Fig.  4.     Connection  Diagram  of  a  Turn-counting  Device 
of  Greater  Precision  Than  That  Shown  in  Fig.  3 


enough  to  enable  one  operator  to  read  both 
instruments  simultaneously. 

2.  It  is  not  a  "zero"  instrument  and  its 
calibration  must  be  checked  from  time  to 
time. 

3.  Precision  greater  than  90.5  cent  is 
usually  not  easily  obtained. 


DEVICES  FOF   MEAS1  I  I'RNS  OF  COILS 
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The  coils  used  in  meters  and  instruments 
cover  a  wide  range,  both  in  resistano 
number  of  turns.     For  this  class  of  work  the 
device  shown  in  Fig.  4  was  developed. 

It  forms  in  reality  an  alternating-current 
potentiometer,  the  volt  drop  over  the  slide 
wire  balancing  the  induced  e.m.f.  in  the 
unknown  coil  X.  Both  test  and  exciting  trans- 
formers are  of  the  air  core  type.  The  test 
transformer  primary  consists  of  a  rather  long 
multi-layer  solenoid  set  up  in  a  position  to 
allow  the  coil  under  test  to  be  easily  threaded 
over  the  middle  point.  The  exciting  trans- 
former is  of  short  length  and  of  such  design 
that  the  load  due  to  the  slide  wire  circuit  is 
inappreciable.  Rs  is  a  resistance  for  adjust- 
ing the  current  in  the  slide  wire,  and  when 
once  made  this  adjustment  is  permanent. 


could    be  extended   bj    addi 
a  to  take  i  ai 

upon  the  ratio  •  i         i  mer. 

An 
ment  will 
alternating-current  galvanometer  i    u  ed 

The  complete  de\  ice  with  the  exception  of 
•or   is   conl 
within    one    ease    and 
appearance    as    the    ordinary    din 
>■  t  Fig.  5). 

In  Fig.  5  the  rad 
slide  wire  extension,   the  coil  li  ad 
switch  is  near  the  center,  an  1  th      I 


Fig.  5.     Special  Potentiometer,  Based  on  Fig.  4.  for  Counting  the  Number  of  Tu 


i  Instrument  Coils 


The  turn  counter  is  adjusted  and  calibrated 
in  somewhat  the  same  manner  as  the  ordinary 
direct-current  potentiometer.  First,  each 
coil  of  the  slide  wire  extension,  n,  r2,  .  .  .  r„,  is 
closely  adjusted  to  equal  90  per  cent  of  the 
slide  wire  resistance.  They  are  made  90  per 
cent  to  allow  10  per  cent  overlap  in  the  slide 
wire.  Now  placing  a  standard  coil  of  KM) 
turns  in  place  of  X,  and  setting  arm  I  on  n 
and  k  on  0,  the  current  in  the  slide  wire  cir- 
cuit is  adjusted  by  means  of  Rs  such  that  the 
detector  indicates  zero.  Rs  is  then  perma- 
nently installed  within  the  instrument  case. 
Finally  the  arm  I  is  set  to  0  and  slider  k  is 
moved  along  the  wire  to  again  balance  the 
detector.  This  point  is  marked  100  and  the 
rest  of  the  slide  wire  is  graduated  uniformly 
from  0  to  1 10  turns.  Thus  the  slide  win 
care  of  all  turns  up  to  1 10.  In  going  to  higher 
values,  the  arm  I  is  turned  to  n,  n,  .  .  ■  r,„  each 


circuit  key  at  the  right.     The  test  primal 

with  an  unknown  coil  under  test  is  shown  at 
the  back  of  the  case. 

The  chief  advantages  of  this  type  of  turn 
counter  are  that  it  is  quite  sensitive  and 
sesses  a  long  range.     It  also  maintains  the 
same  sensitivity  over  this  long  range,     1 1 
one  turn  deviation  may  be  deti  cted  in  a  1000- 
turn  coil  equally  as  well  as  in  one  of  10  turns. 
Any  voltage  variation  of  the  soun 
the  drop  over  the  slide  wire  and  the  e  mi.  in 
coil  X  in  the  same  proportion,  and  thu 
point  of  balance  remains  unchanged.     Mod- 
erate changes  in  frequency  also  introduce  no 
errors  as  the}  affect  both   iets  of  circuits  alike. 
Though  a  wide  variation  in  frequency  would 
upset  the  phase  angli 
is    not    necessary    as    the    Erequ*  m 
tion  of  the  fact"  line  is  relatively 

small. 
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disadvantages  are  that  it  is  more  or 
less  slow  in  operation.  As  best  results  are 
obtained  with  a  reflecting  galvanometer  as  a 
detector,  it  requires  special  care  and  main- 
tenance. 
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Fig.  6.     Connection  Diagram  of  Another  Turn 

counting  Device  of  Greater  Precision 

Than  That  Shown  in  Fig.  3 

For  testing  coils  where  quick  results  of  very 
high  accuracy  are  required,  still  another 
instrument  has  been  developed.  This  instru- 
ment is  intended  for  those  places  where  it 
is  essential  to  detect  a  deviation  of  a  fraction 
i  if  one  turn  and  where  many  coils  of  similar 
i cation  are  to  be  tested.  The  prin- 
ciple of  this  instrument  is  shown  in  Fig.  <i. 
P  is  the  iron  core  primary  coil  encircled  ; 
unknown  and  standard  coils  X  and  5.  These 
two  coils  are  connected  to  the  two  movable 
coils  of  an  indicating  instrument.  The  mov- 
able coils  are  mounted  on  the  same  staff  at 
an  angle  to  each  other. 

In  series  with  each  leg  are  resistances  Ri 
and  R2,  which  serve  to  decrease  the  tempera- 
ture coefficient  of  the  device  as  a  whole,  and 
are  sufficiently  high  to  eliminate  errors  due  to 
variations  in  the  resistance  of  coils  X  and  5 

The  moving  system  has  no  control  spring 
and  therefore  the  pointer  remains  anywhere 
on   the  scale  after  removing  the  excit: 

ss  the  voltage  source  are  connected  the 
fixed  coils  in  series  with  the  necessary 
ance.     This  arrangement  allows  of  incr 

Use  is  made  of  a  tertian-  coil  placed  on  the 
core  to  obtain  a  long  scale.     This  coil 


1    in    series   opposition   with    the 

unknown  coil  X  and  has  a  less  number  of 

nding  upon   the  length  of  scale 

iurns  of  this  combina- 

"<■  thus  brought  t<  i  a  li  iwer  value  and  the 
standard  coil  S  is  alsi  qual  to  this 

ive  value.  With  this  arrangement  a 
small  variation  in  coil  X  becomes  a  large 
variation  in  the  effective  turns  of  the  com- 
bination. As  an  illustration,  with  X  and  S 
each  of  LOO  turns,  a  variation  of  one  turn  in 
X  equals  1  per  cent.  By  using  a  tertiary 
coil  of  90  turns  the  effective  turns  in  X  equal 
10.    With  the  standard  now  10  turns,  a  varia- 

•  one  turn  in  X  produces  a  variation  of 
HI  per  cent.  By  this  means  it  is  possible  to 
make  a  scale  length  of  3  inches  per  turn  vari- 

in  the  unknown.  However,  this  great 
usually  unnecessary. 
The  instrument  as  ordinarily  adjusted  has 
a  scale  displacement  of  ;'  g  in.  per  turn.  This 
is  usually  all  the  sensitivity  required  and 
permits  of  J4  turn  being  detected.  The  dis- 
tribution and  location  of  the  scale  is  adjusted 
by  changing  the  angle  between  the  two  mov- 
able coils  and  by  turning  the  combination 
around  on  the  staff. 

Where  the  instrument  is  used  to  measure 
coils  of  only  one  specification,  the  scale  can 
be  marked  in  terms  of  per  cent  of  the  nominal 
v  alue  instead  of  in  actual  turns.  Of  these 
devices  the  last  is  the  simplest   to  use,   the 


Fig.  7.     Moving  Element  of  Turn  Counter  Constructed 
in  Accordance  with  Fig.  6 

operator  merely  placing  the  coil  in  position. 
g  the  circuit,  and  noting  the  instrument 
reading.  He  makes  no  adjustments  of  any 
One  disadvantage  is  the  necessity  of 
having  an  accurate  standard  coil  for  each 
kind  of  coil  that  mav  be  tested. 


Synchronous  Motor  Starting  Torque  Characteristics 

B;    0    E   Shirley 
Alternating-current  Engineer]  ,,.xnn 

,  ■  .The  progress  which  in  1  le  in  the  desig 

highly  efficient  and  power-fact...  machine  to  be  applied 

by  reason  ot  heavy  starting  torque  require 

necessary.     As  the  resistance  of  the  ;m  rinding  permits  of  a 

t-orque  characteristics,  consiflerable  importance  is  attached  to  testing  I  ,ance  of  the  n 

Mr.  Shirley  outlines  below  a  new  testing  method  which  will  readily  and  with  commercial  accuracy  procu. 
necessary  data  and  which  is  free  from  the  disadvantages  of  the  older  meth 


The  use  of  synchronous  motors  lias  b 
extended  to  a  great  many  new  applications 
during  the  past  few  years,  and  in  a  number 
of  these  cases  the  starting-torque  require- 
ments are  quite  severe.  In  some  applica- 
tions the  starting  requirements  are  heavy 
while  the  remainder  of  the  cycle  is  compara- 
tively light,  and  in  others  the  starting  torque 
may  be  low  but  that  required  at  the  higher 
speeds  is  quite  high.  These  different  re- 
quirements make  it  necessary  that  the  de- 
signer know  the  shape  of  the  required  torque 
curve,  as  well  as  the  actual  _  values,  if  a 
properly  designed  starting  winding  is  to  be 
obtained. 

It  is  a  well  known  fact  that  a  high-resist- 
ance amortisseur  winding  gives  high  starting 
torque  with  low  pull-in  torque,  while  a  low- 
resistance  winding  will  lower  the  starting 
torque  and  increase  the  pull-in  torque.  The 
maximum  torque  is  approximately  the  same 
with  either  winding,  but  comes  at  a  different 
speed. 

The  pull-in  torque  of  a  synchronous  motor 
may  be  further  increased  by  closing  the  field 
winding  through  a  resistance.  The  value 
of  resistance  that  will  give  the  maximum 
torque  depends,  of  course,  on  the  particular 
design  of  motor.  This  value  may  be  deter- 
mined for  any  particular  motor  installation 
by  finding  by  test  the  resistance  which  will 
bring  the  motor  to  the  highest  speed.  How- 
ever, since  the  use  of  resistance  deci 
the  torque  at  starting,  it  is  preferable  that 
the  field  circuit  be  left  open  until  the  rotor 
has  reached  its  maximum  speed,  due  1 1 
torque  of  the  amortisseur  winding  only. 

The  determination  of  the  torque  charac- 
teristics of  a  synchronous  motor,  as  it  comes 
up  to  speed,  is  usually  made  by  what  is 
known  as  a  "Running  Torque  Test."  The 
motor  is  connected  to  a  direct-current 
era  tor,  and  operated  as  an  induction  motor 
at  reduced  voltage.  The  load  on  the  generator 
is  increased  by  steps  and  readings  take 
input  to  the  motor,   output  from  the 


the    '■ 

This  method  of  te  ting  is  subject  to 
marked  di  adva         i  (ficult 

and   expensb  e  to  !   the 

motor  must  be  o  ith  high  currents 

in  the  am. 

than  the  winding  can    I 
heating. 

The  following  mining  the 

torque  charact.  risl  ics  fro  both 

of    thi  just    mentioned,    and 

gives  results  whi 
tically  as  accurate  as   tho 
the  running    i 

Method  of  Testing 

The  torque  of  .  cpressed   in  syn- 

chronous kilowatts  is  equal  to  the  rotor 
input,  and  is,  therefore,  equal  to  the  input  to 
the  stator  minu  is   in    the  stator. 

These  stator  losses  are  usually  comparatively 
small  and  may  be  easil     determ 
t  lie    torque    of    the    motor   can   be 
from  readin  .r  input  as 

as  necessary  for  practically  all  applications 
of  the  motors. 

This  makes  it    practicable   to  obtain   the 
entire  torque  charai  teri  ;tic  i  if  a 
motor    simply    by    holding    the    impr. 
voltage  constant  and  r»  itor  current, 

stator   kilowatt    input  .r   speed   as 

the  motor  comes  up  to  synchronous  speed. 
[1    usually  re  ruin 

minutes  for  a  motor  without  load  to  accel 
to  full  sj.ee. !  be 

at  five-second   intervals,    hence  a 
isfactory    input   curve   can    be   obtained    on 
practically  any  motor.     It   the  motor  is  con- 
nected to  a  load,    the   time   of  acceleration 
will  be  incr  the  torque  curve 

is  obtained  from  simult  of  in- 

:  .in  and  speed,  I  h 

Since  il  requires 
,  it  is 


S7  I     ( ) 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXIV,  No.  10 


i  obtain  data  on  a  motor  for  a  num- 

rent  starting  conditions  in  a  very 

time.      The    amortisseur    winding    is 

required   to  carry  current  only  for  the  time 

cle,  therefore  there  is 

no  liabili  rheating  this  winding. 

The  limitation  of  this  method  is  of  course 

that  all  of  the  rotor  input  is 

polyphase,  because  the  force  resulting  from 


__\^ 

"'■- 

'-- 

--. 

___ 

/ 

Fig.  1.    Starting  Test  Curves,  with  Respect  to  Time,  for  a  1250- 
kv-a.,  25-cycle,  6400-volt,  300-r.p.m.  Synchronous 

Motor  at  24.4  per  cent  Voltage 

a  single-phase  component  of  input  is  radial 
and  not  tangential.  However,  with  a  properly 
designed  rotor  and  a  balanced  polyphase 
supply,  the  accuracy  of  the  test  is  usually 
sufficient  for  any  practical  purpose. 

Example  of  Tests  and  Calculations 

The  application  of  this  method  of  testing 
to  a  1250-kv-a.  synchronous  motor,  part  of 
a  frequency  converter,  will  be  given  together 
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Fig.  2.    Starting  Test  Curves,  with  Respect  to  Speed,  for  a  1250- 
kv-a.    25-cycle,  6400-volt,  300-r.p.m.  Synchronous 
Motor  at  24.4  per  cent  Voltage 

with  the  calculations  for  obtaining  the  torque 
characteristic  from  the  test  data.  The  curves' 
and  calculations  are  all  made  on  the  per- 
centage basis,  which  is  usually  most  conven- 
ient    for   this  work  and  gives  a  very  good 


means  of  checking  the  accuracy  of  the  tests 
and  calculations.  It  should  be  especially 
noted  that  in  the  calculations  and  curves 
the    p.  is    expressed    as   a    decimal 

fraction;  that  is,  0.10  =  10  percent. 

The  actual  readings  of  stator  current, 
kilowatt  input  to  stator.  and  speed  are  given 
in  Tabl     I  her  with  the  per  cent  values. 

The  stator  current  is  expressed  in  per  cent 
of  the  rated  current  at  1250  kv-a.  0400  volts, 
the  kilowatt  input  in  per  cent  of  kilovolt- 
ampcre  input  rating,  and  the  speed  in  per 
cent  of  synchronous  speed.  The  per  cent 
values  are  plotted  in  Fig.  1 .  Since  the  torque 
is  usually  desired  as  a  function  of  the  speed, 
i  red  to  Fig.  2,  which  is 
plotted  with  speed  as  abscissas. 

Table  II  shows  the  calculation  of  the  rotor 
input,  which  is  the  stator  input  minus  the 
stator  PR  loss  and  short-circuit  core  loss. 
Since  the  motor  is  started  at  only  24.4  per 
cent  of  normal  voltage,  the  stator  core  loss 
is  negligible.  It  has  been  found  from  com- 
parisons of  running  torque  tests  with  tests 
made  by  this  method  that  the  results  ob- 
tained are  practically  the  same  for  motors 
with  well  designed  rotors. 

The  values  of  rotor  input,  which  also  is  the 
torque  in  synchronous  kilowatts  from  Table 
II,  are  plotted  in  Fig.  3.  The  rotor  I2R  loss 
is  equal  to  the  rotor  input  multiplied  by  the 
slip.  The  friction  and  windage  at  normal 
speed  is  from  test  data,  and  the  values  for 
the  lower  speeds  are  assumed.  The  total 
rotor  loss  is  the  sum  of  the  PR  loss  and  the 
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Fig.  3.     Curves  for  Calculation  of  Speed-time  Curve  of  a  1250- 
kv-a.,  25-cycle,  6400-volt,  300-r.p.m.,  Synchronous 
Motor.     Data  for  24.4  per  cent  Voltage 

friction  -and  windage.  The  difference  be- 
tween the  total  input  and  the  total  loss  in  the 
rotor  represents  the  kilowatts  available  for 
ration  of  the  rotor.  This  acceleration 
kilowatt  curve  is  also  given  in  Fig.  3. 


SYNCHRONOUS  MOTOR  STARTING  TORQUE  CHARACTERISTICS 


The  time  required  to  accelerate  the  rotor 
running  without  load  may  be  calculated  from 
the  moment  of  inertia  of  the  rotor  and  the 
acceleration  kilowatt  curve.     The  calm 
speed-time  curve  is  plotted  in  Fig.  3  ami 
closely  checks  the  test  curve.     The  n 
of  calculation  of  this  speed-time  curve  is  quite 
interesting  and  is  given  in  the  appendix. 


the  heating  of  the  amortisscur  winding  dur- 
barting  period  may  be 

appn . 

The    speed-time    curve    as   derived    is   of 

interest  generally  only  to  the  designing  cn- 

but  if  the  motor  is  connected  to  a 

variable  load,  such  as  a  compressor,  the  curve 

of  the  torque  required  by  the  load  may  be 


TABLE  I 

STARTING  TEST  DATA 
Voltage  Held  at  1560  Volts  =  24.4  Per  Cent 


Time   Seconds 

STATOR  CURRENT  PER  CENT 

INPUT  PER  CENT 

Tachometer 
Reading 

SPEED— PER  CENT 

Amps. 

0.10  =  10  Per  Cent 

'■'■•                              HI  Per  Cent 

I'er  Cent 

0 

78 

0.69 

76                    0.061 

0 

o 

5 

80.5 

0.72 

81                     niir,:, 

90 

0.10 

10 

80 

0.71 

87 

0.070 

170 

0.18 

15 

79 

0.70 

90 

0.072 

240 

0.26 

20 

76 

0.68 

92 

0.074 

320 

0.35 

25 

68 

0.60 

90 

0.072 

410 

0.45 

30 

66 

0.58 

90 

0.072 

500 

0.54 

35 

61 

0.54 

80 

0.064 

550 

0.60 

40 

53 

0.47 

64 

0.051 

640 

0.70 

45 

48 

0.42 

60 

0.048 

700 

0.76 

50 

42 

0.37 

54 

0.043 

750 

0.82 

55 

40 

0.35 

44 

0.035 

810 

0.88 

60 

30 

0.27 

38 

0.030 

830 

0.90 

65 

28 

0.25 

30 

0.024 

855 

0.93 

70 

24 

0.019 

75 

16 

0.013 

Tachometer  918  =  Speed  299  r.p.m. 

TABLE  II 

CALCULATION  OF  ROTOR  INPUT,  KV-A.  INPUT  AND  POWER-FACTOR 


Stator 

Speed 

Kw.  Input 

Stator  Current 

P-R  +Short 

Rotor  Input 

Voltage 

Kv-a. 

Power-factor 

Per  Cent 

Per  Cent 

Per  Cent 

Circuit  Core  Loss 

Per  Cent 

Per  Cent 

Per  Cent 

Per  Cent 

0 

0.061 

0.70 

0.008 

0.053 

0.171 

0.36 

10 

0.067 

0.71 

0.009 

0.058 

0.174 

0.38 

20 

0.071 

0.71 

0.009 

0.062 

0.174 

0.41 

30 

0.073 

0.68 

0.008 

0.065 

0.166 

0.44 

40 

0.074 

0.65 

0.007 

0.067 

0.159 

0.46 

50 

0.070 

0.60 

0.006 

0.064 

0.146 

0.48 

60 

0.064 

0.55 

0.005 

0.059 

0.134 

0.48 

70 

0.055 

0.48 

0.004 

0.051 

0.117 

0.47 

80 

0.044 

0.39 

0.003 

0.041 

0.095 

0.46 

90 

0.028 

0.28 

0.002 

0.026 

0.068 

0.41 

95 

0.016 

0.22 

0.001 

0.015 

0.244 

I 

0.30 

In  per  cent  0.10  =  10  per  cent 


Conclusions  and  Notes 

The  method  of  testing  outlined  gives  a 
very  convenient  and  quite  accurate  means  of 
obtaining  the  torque  characteristics  of  a 
synchronous  motor  without  danger  of  in- 
jury to  the  amortisseur  winding. 

From  Fig.  3  it  is  possible  to  derive  the  curve 
of  rotor  loss  plotted  against  time  from  which 


estimated  by  separating  the  rotor  los 
acceleration  kilowatts  from  the  total  rotor 
input.  The  II 'R~  or  moment  of  inertia  of 
the  rotor  can  be  obtained  from  the  manu- 
facturer, and  from  this  data  and  the  test 
rotor  input  and  the  speed-time  curves 
the  acceleration  kilowatts  can  be  calcu- 
lated. 
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Appendix:   Calculation  of  Speed-time  Curve 

The  energy  of  rotation  of  a  mass  expressed 
in  kilowatt-seconds  is  given  by  the  equation 


En  = 


0.233  N*WR> 

106 


when' 

A'  =  r.p.m. 

II  R2  =  moment  of  inertia  in  lb.  ft.2 

Let  *0  =  time  that  the  stored  energy  of 
the  rotor  will  give  a  kilowatt  output  equal 
to  the  kilovolt-ampere  rating  of  the  machine. 

Note  that  2  t„  is  the  time  required  to  stop 
the  rotor  by  applying  a  constant  torque  cor- 

TABLE   III 

CALCULATION  OF   SPEED-TIME  CURVE 
0.233  N!TO  WRi  =  94O00  En 

N    = 


The  change  from  90  to  93  per  cent  speed  is 
derived  similarly,  and  is  also  given  in  this 
table. 

The  actual  change  in  energy  in  kilowatt- 
seconds  during  any  interval  is  K  En. 

The  average  acceleration  kilowatts  in  per 
cent  may  be  read  from  the  curve  in  Fig.  3, 
and  the  actual  acceleration  kilowatts  is 
equal  to  Acc'l  Kw.  per  cent  (acceleration 
kilowatts  in  per  cent)  times  the  kilovolt- 
ampere  rating 

Then  the  time  t  for  accelerating  during 
any  interval  is  equal  to  the  accelerating 
energy  in  kilowatt-seconds  divided  by  the 
a\  erage  kilowatts  during  that  interval. 


£k  =  - 


106 


300 


to  = 


=  0.233  X  SOP2  X  94000 

106 
=  1980  kw.-sec. 


kv-a.    rating 
1980 


1250 


=  1.58 


Speed 
Per  Cent 

K 

Kl0 

Acc'l  Kw.  Per  Cent 
0.10  =  10  Per  Cent 

Seconds  for  Interval 

Total  Seconds 

0.10 

0.01 

0.0158 

0.003 

5.3 

5.3 

0.20 

0.03 

0.0475 

0.009 

5.3 

10.6 

0.30 

0.05 

0.079 

0.016 

5.0 

15.6 

0.40 

0.07 

0.111 

0.022 

5.0 

20.6 

0.50 

0.09 

0.142 

0.028 

5.1 

0.60 

0.11 

0.173 

0.033 

5.2 

30.9 

0.70 

0.13 

0.205 

0.035 

5.9 

36.8 

0.80 

0.15 

0.236 

0.032 

7.4 

44.2 

0.90 

0.17 

0.268 

0.022 

12.2 

56.4 

0.95 

0.0925 

0.146 

0.012 

12.1 

68.5 

responding  to  a  kilowatt  output  equal  to  the 
kilovolt-ampere  rating.  In  other  words,  this 
constant  torque  is 

7i  140  X kv-a.  rating 


Then  t  ■■ 


But 


K  En 


Acc'l  kw.  per  cent  X  kv-a.  rating 
KEn      =Kt0 


kv-a.   rating 


r.p.m. 


Then  /„=- 


En 


Hence  /  = 


K  t0 


kv-a.   rating 

Since  the  energy  of  the  rotating  mass  is 
proportional  to  the  square  of  the  speed, 
the  energy  at  10  per  cent  speed  is  0.01  of  the 
energy  at  normal  speed,  and  the  energy  at 
20  per  cent  speed  is  0.04  of  the  energy  at 
normal  speed.  Hence  the  change  in  energy 
from  zero  to  10  per  cent  speed  is  0.01  and  the 
change  in  energy  from  10  to  20  per  cent 
speed  is  0.04  —  0.01  or  0.03.  The  change  in 
energy  expressed  in  per  cent  as  a  decimal  for 
10  per  cent  intervals  of  speed  from  zero  to 
90  per  cent  speed  is  given  as  K  in  Table  III 


Acc'l  kw.  per  cent 

As  illustrated  in  Table  III,  the  time  of 
acceleration  for  each  of  the  various  intervals 
may  be  calculated,  and  a  summation  of 
these  values  gives  the  speed-time  curve. 
The  interval  in  speed  must  be  small  enough 
so  that  the  average  kilowatts  over  the  time 
interval  is  approximately  equal  to  the  kilo- 
watts for  the  average  speed.  The  intervals 
chosen  in  Table  III  give  very  satisfactory 
results.  A  comparison  of  the  test  and  cal- 
culated curves  in  Fig.  3  shows  that  the  cal- 
culated curve  is  very  close  to  the  test  curve 
in  both  shape  and  actual  values. 


Royal  and  Huntington  V  i  nm  from  which 
poinl  to  Waverly  there  arc  two  tracks.  That 
part   of  the  zone   through   which   train 

handli  .1    >>     elei  trii     l itirely 

up-grade,  the  difference  in  el  nount- 
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Review  of  Operating  Data  on  B.  C&  O.  R.  R. 
Electrification 

By  J.  II.  Davis 
Electrk  vi   Engineer,  Bai  kmore  &  Ohio  Raii  road 

££2fc.£TS 

mofv,=oS.o(„p„«i„„,„d„a 

History 

The  Baltimore  and  Ohio  was  the  first 
trunk  railroad  to  adopt  electricity  as  a  motive 
power.  This  historic  event  occurred  in  the 
early  nineties  in  connection  with  the  build- 
ing of  its  Belt  Line  through  the  city  to  fur- 
nish a  direct  rail  connection  between  the 
main  line  west  of  Baltimore  and  that  cast. 
Previous  to  this,  it  was  necessary  to  ferry 
trains  across  an  arm  of  the  Patapsco  River. 
One  of  the  requirements  of  the  ordinance 
governing  the  construction  of  the  line  through 
the  city  was  that  the  trains  be  operated 
electrically.  In  addition,  the  number  and 
length  of  tunnels  necessitated  special  means 
for  reducing  the  amount  of  smoke  and  gases 
for  which  electrification  undoubtedly  offered 
the  most  satisfactory  solution. 

The  first  trial  trip  with  electric  locomotive 
No.  1  was  made  on  June  27,  1894.  The  line 
was  opened  for  traffic  May  1.  1895.  Three 
96-ton  gearless  locomotives  were  used  in  this 
connection  for  handling  castbound  (up-grade) 
trains.  Westbound  (down-grade)  trains  were 
handled  by  steam  power  as  at  present. 
After  fifteen  years'  service  the  original  loco- 
motives were  retired.  One  of  them,  however, 
has  been  preserved  in  good  condition  for 
exhibition  purposes  as  being  the  first  electric 
locomotive  used  in  this  country  under  steam 
railroad  conditions. 

Physical  Characteristics 

That  portion  of  the  Baltimore  and  Ohio 
Railroad  which  is  electrified  lies  within  the 
city  limits  of  Baltimore  and  is  a  part  of  the 
so-called  Belt  Line,  extending  from  Camden 
station  on  the  west  to  Waverly  interlocking 
tower  on  the  east,  a  distance  of  o . 7 5  miles. 
There  are  eight  tunnels  in  this  zone  together 
amounting  to  48  per  cent  of  the  total  distance, 
the  longest  tunnel,  which  is  between  Camden 
Station  and  Mt.  Royal  Station,  being  7,300 
ft.  in  length.  This  tunnel  contains  two  tracks 
while    there    are    four    tracks    between    Mt. 


Fig.  1.      Reproduction  of  the  First  Train  Order  Ever  Issued 

for  the  Movement  of  an  Electric  Locomotive 

on  a  Trunk  Line  Railroad 

ing  to  150  ft.,  which  gives  an  average  th 
grade  of  0  9  per  rent,  the  ruling  grade  being 
1.5  per  cenl  and  the  maximum  curvature  in 
deg.    16   min.      Especial   attention    is   called 
to  this  fact  as  trains  arc  handled  electrically 


-:-    • 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXIV,  No.  in 


in  only  the  up-grade  direction,  the  electric  loco- 
motives returning  light  which  results  in  a  unit 
consumption  that  is  in  all  probability 
larger  than  that  for  most  of  the  existing  steam 
railroad  electrifications.  Fig.  2  shows  the  loca- 
tion of  this  line  under  the  city  of  Baltimore,  the 
profile,  number  of  tracks,  grades,  etc. 


struction  and  in  the  tunnels  by  direct  hangers. 
In  this  overhead  slot  the  collector  shoe, 
attached  to  the  locomotive  by  a  pantograph, 
was  allowed  to  slide.  As  would  be  expected 
from  our  present  knowledge  of  methods  of 
collecting  current,  the  system  was  unsatis- 
factory and  the  presence  of  gases  from  steam 
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Fig.  2.     Map,  Track  Chart,  Profile,  and  Curvature  of  the  Belt  Line,  Baltimore,  Md. 


210    100  ft 
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System 

The  direct-current  system  is  used.  675 
volts  being  maintained  at  the  substation  bus 
bars  at  Mt.  Royal,  approximately  the  center 
of  the  electrified  zone.  In  the  original  in- 
stallation electric  energy  was  supplied  to  the 
locomotives  through  an  overhead  system  of 
power  distribution.  The  contact  conductor 
consisted  of  two  "Z"  bars  so  arranged  as  to 
form  a  box-like  structure  with  a  slot  in  the 
bottom.  Outside  of  the  tunnels  this  was 
supported    from    towers    by     catenary  con- 


locomotives  resulted  in  high  maintenance 
cost.  In  1908  the  overhead  conductors  were 
replaced  by  a  third-rail  system,  the  maior 
portion  of  which  is  still  in  sen-ice.  After 
about  ten  years'  service  the  third  rail  in  the 
Howard  Street  tunnel  became  so  badly 
corroded,  due  to  action  of  locomotive  gases 
and  electrolysis,  that  it  became  necessary 
to  completely  renew  it,  at  which  time  the  type 
of  insulator  and  guard  board  support  were 
modified  to  overcome  certain  faults  in  the 
original  design. 
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Power  Supply 

finally  all   power  for  I  ion  of 

the  el<  ction  was  supplied  directly 

from  a  power  plant  built  for  thai  ; 
located  at  the  western  end  of  the  zone.  The 
ating  station  consisted  of  five  500-kw. 
700-volt  direct-current  generators  direct-con- 
nected to  tandem  d  non-condensing 
engines.  At  the  time  of  installation,  in 
the  early  nineties,  these  were  the  largest  direct- 
connected  generators  ever  installed  up  ' 
time.      To  obtain  more  economical  opei 


including  electric  locomotive  and 
one  light  passenger  train  simultaneously. 
This  arrangement,  however,  was  outgrown 
due  to  the  increasing  weight  and  number  of 
trains,  and  it  became  necessary  in    1909   to 

de  for  a  very  material  increase  in  power 

action    purposes.      After    very    careful 

consideration    it    was    decided    to    purchase 

•  from  the  local  electric  light  and  power 
company  in  the  form  of  3-phase,  13,000-volt, 
2.3-cycle  current,  at  which  time  a  rotary  con- 
verter substation  was  installed  at  Mt.  k 


:  as  Ohio  Railr 


conditions  as  well  as  to  improve  the  voltage 
on  the  line,  a  storage  battery  substation  was 
subsequently  installed  near  the  Mt.  Royal 
passenger  station,  one  and  three-quarter 
miles  from  the  power  house.  A  booster 
system  of  control  was  used  which  included  a 
booster  located  in  the  power  house,  thus  per- 
mitting a  reduction  of  the  generating  v< 

1  in  order  that  current  could  be  used  for 
industrial    purposes.      This    booster    limited 
the  power-house  output  to  90(1  kilowatl 
traction  purposes  which  with  the  battery  was 
sufficient  to  handle  one  freight  train  of  1.600 


in  which  three  1,000-kw.,  650-volt  synchro- 
nous converters  with  necessary  auxiliaries  were 
installed,  sufficient  space  being  provided  for 
additional  machines.  The  battery,  which 
was  of  3.200  ampere-hours  capacity  at  the 
eight-hour  rate,  was  retained  for  peak  work 
and  for  minimizing  the  "demand"  for  pur- 
chased service. 

The  power  plant  was  abandoned  and  dis- 
mantled upon  inaugurating  purchased  serv- 
ice through  the  Mt.  Royal  substation.  In 
November.  1014,  when  purchased  service  was 
extended  to  cover  all  the  electrical  require- 
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ments  of  the  railroad  for  lighting  and 
in   Baltimore,    the    Mi      Royal    battel 
abandoned  and  dismantled,  as  by  the  i 
sion  of  the  use  of  electric  service  with  i 
quent   improvement   in  load   factor,    furthei 
operation    of   the   battery    was    unnece     n 
and  uneconomical.     An  additional  2,000-kw. 
rotary    converter    was    installed    about    this 
time,   thus   providing  sufficient   capacit]    to 
handle    simultaneously    two    freight    trains 
each  of  gross  trailing  weight  of  2,840  tons. 


ugh  a  spider  and  rubbi  r  di 
cushions.     After  approximately  a  quart* 

direct-current    gearless    motors 
"n  Volts  were  decided  upon 
for  thi 

the  Coasl  l  Hvision  of  the  i 
and  St.  Paul  Railn 

Operating  Features 
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Test  No  7  Nov  5.1913 

Freiqht  Train  Locomotive  No.4033 

Electric  Locomotives  No  13  and  14 

Wciqht  of  Train  and  5team  Locomotives      2452.5  Tons 

Weiqht  of  Dynamometer  Car  57.  2  Tons 

Total  Weiqht  IncludmqElec.Locomotives     2709.7  Tons 


Mt  Royal 

Mr   Ko,j* 
OBH°St 

I.  .];•..)<■. 

Min     Sec 

M  i    m 

'■•  .     '. 

TimeWinJCScc; 

6        56 

4      40 

3     8 

14    46 

Speed  (M.  P.  H) 

1}   7 

12.9         11.9 

13.1 

Draw  Bar  Pull 

Sb  IOC, 

81930    66500 

67180 

Amo  Per  Motor 

443 

598         443 

498 

Volts  (Line) 

563 

'.40     1    466 

538 

WstthoursPtr  Ton  Ml. 

60.6 

Fig.  8.     Dynamometer  Test  Curves  and  Data 


Locomotives 

Three  types  of  locomotives  have  been 
used.  The  original  locomotives  weighing  90 
tons  were  designated  as  Class  LE-1.  The 
second  lot  of  locomotives  weighing  SO  tons 
were  designated  as  Class  LE-2  and  were 
designed  exclusively  for  freight  service.  The 
last  lot  of  locomotives  purchased  weighed 
approximately  100  tons  and  are  designated 
as  OE-1  andOE-2. 

It  is  very  interesting  in  this  connection  to 
recall  that  the  three  original  Baltimore  and 
Ohio  electric  locomotives  were  equipped  with 
gearless  motors,  i.e.,  the  armatures  were 
mounted  directly  on  the  main  driving  axle, 
power   being   communicated   to   the   driving 


the  road  locomotives  furnish   no  assists 
The  ruling  grade  in  the  zone  is  1.5S  per  cent 
eastbound  while  that  of  the  remainder  oi  the 
steam  locomotive  division  to  Philadelphia  is 
but  0.8  per  cent.     This  necessitates  thai 
electric  locomotives  develop  twice  the  trac- 
tive   effort    required    of    steam    locomotives. 
On  account  of  the  shortness  of  the  run  steam 
locomotives    are    hauled    through    the 
with   their  trains.      The   electric   locomotives 
return    light    as,    on    account    of   the    grade, 
westbound  traffic  operates  through  the  zone 
without    requiring    power    from    the    steam 
locomotive  excepl  for  starting. 

The  present   maximum   rating  for  freight 
trains   handled   over  the    Belt    Line  is  about 
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COST  OF  OPERATION  AND  MAINTENANCE  OF   ELECTRIC  LOCOMOTIVE 
SERVICE  ON  B.  &  O.   R.  R. 


1911 

1913 

Per 
1000 
Ton 
Miles 

Per  100 
Locomo- 
tive 
Miles 

Per 
1000 
Ton 
Miles 

Per  100 
Locomo- 
tive 
M  iles 

Per 
1000 
Ton 
Miles 

Per  100 
Locomo- 
tive 
Miles 

Per 

1000 
Ton 
Miles 

Per  100 
Locomo- 
tive 
Miles 

$0.34 
1.46 

0.007 
0.002 
0.203 

7.85 
0.18 
0.05 
5.44 

$0,336 
1.320 

0.109 

0.002 
0.201 

$8  13 
33.20 

2.74 
0.202 
0.048 
5.05 

$0,328 

1.060 

0.230 
0.006 
0.001 
0.197 

$9  in 
30.30 

6.58 
0.18 
0.02 
5.64 

$0,325 

1.155 

0.205 

0.002 
0.213 

$9  68 

Power 

Third   rail   and  feeder    mainte- 

Inspection,  repairs,  cleaning. . .  . 

34.40 

6.12 
0.21 
0.06 
6.35 

Total 

$2,305 

$61.77 

$1,975 

$49.66 

$1,822 

S52.12 

$1,907 

$56  80 

1914 

1915 

1916* 

1920* 

Per 
1000 
Ton 
Miles 

Per  100 
Locomo- 
tive 
Miles 

Per 
1000 
Ton 

Miles 

Per  100 
Locomo- 
tive 
Miles 

Per 
1000 
Ton 

Miles 

Per  1C0 
Locomo- 
tive 
Miles 

Per 
1000 
Ton 
Miles 

Per  100 
Locomo- 
tive 
Miles 

$0,327 
1.215 

0.142 
0.007 
0.022 
0.178 

$9.67 
35.80 

4.18 
0.21 
0.06 
5.27 

$0,308 
1.015 

0.137 
0.007 
0.001 
0.170 

$9.50 
31.20 

4.20 
0.20 
0.03 
5.24 

$0,252 
.800 

0.117 
0.006 
0.001 
0.183 

$7.52 
24.40 

3.58 
0.17 
0.02 
5.42 

$19.30 
43.50 

Third  rail  and   feeder    mainte- 

8.13 

0.32 

0.08 

Inspection,  repairs,  cleaning. .  .  . 

13.60 

Total 

$1,871 

$55.49 

$1,638 

$50.37 

$1,359 

S41.ll 

$84.93 

*  Calendar  year. 


TABLE  II 
TRAFFIC  DATA  ON  BELT  LINE  ELECTRIFICATION  OF  B.  &  O.   R.   R. 


Fiscal  Year  Ending  June  30 

Number  of  passenger  trains  handled 

Number  of  freight  trains  handled 

Mileage  electric  locomotives 

Ton-miles,  including  electric  locomotives 

Gross  watt-hours  per  ton-mile 

Cost  of  current  per  kw-hr.  at  d-c.  bus. . . 


7,471 

10,456 

183,493 

49,224,569 

109 

S0.01S5 


6,963 

10,001 

213,366 

53,652,332 

92 

$0.0182 


5,784 

7,164 

192,774 

55,286,817 

93 

$0.0143 


6,049 

7,535 

191,124 

57,099,821 

118 

$0,015 


1914 

1915 

1916*                      1920* 

Fiscal  Year  Ending  June  SO 

6,211 

6,274 

7,028 

190,000 

58,539,501 

101 

$0.0126 

7,236 
183,434 

.".1,1119,376 

103 

$0.0139 

233,750             228,402 

70,571,450               

94.1                   

Cost  of  current  per  kw-hr.  at  d-c.  bus 

$0.0135             $0.0245 

*  Calendar  year. 


REVIEW  OP  OPERATING  DATA  ON  B.  &  0.  R.  P  m0N    Ss, 

TABLE  III 
BALTIMORE  AND  OHIO  ELECTRIC   LOCOMOTIVES 


Serial  numbers. 
Number  in  service  .  .  . 
Year  placed  in  service .  .  . 

Class  of  service 

System  of  traction 

Contact  conductor:    Voltage 

Type 

Classification 

Driving  wheels:    No 

Diam 

Truck  wheels:    No 

Diam 

Weights:    Total 

On  drivers 

Per  driving  axle 

Mechanical  parts 

Electrical  parts 

Dimensions:    Length  over  all 

Width  over  all 

Height  rail  to  highest  point .... 

Wheel  base:    Rigid 

Total 

Motors:    Number ' 

Type 

Horse  power — One-hour  rating  with  forced 

ventilation 

Method  of  drive 

Gear  ratio 

Tractive  effort:    At  one-hour  rating  with  forced  ven- 
tilation   

At   continuous  rating   with   forced 

ventilation 

Maximum  starting \ 

Horse  power  of  locomotive  with  forced    ventilation: 

One  hour  rating 

Continuous  rating 

Speed:    m.p.h.:    Hour  rating 

Continuous  rating 

Maximum  safe 


6  to  9 

•I 

Freight 

D-C. 

600 

3rd  rail 

0-8-0 

8 

42  in. 

0 

0 

160,000 

160,000 

40,0(11) 

I  16,000 

I  1,0011 

29  ft.  7      in. 
9  ft.  2      in. 

13  ft.  8      in. 
1-1  ft.  6Min. 

14  ft.  6M  in. 

I 
G.E.65B 

200* 
Geared 
81:19 

36,000 

40,666 
800* 
'  8.6 


11 

2 

Pass,  a: 

D-C. 
600 

oiio 

8 

50  in. 

0 

0 

66,000 
39  ft.  6 
10  ft.  2 
l  1  ft,  5 
9  ft.  6      in. 
27  ft.  (i-     in. 
4 
G.E.209 

275 

Geared 

78:24 

26,000 

13,000 

411,000 

1,100 
660 
16.6 
19.5 

45 


13  . 

1912 
Pass,  ai 

600 

3rd  rail 

0-4-4-0 

8 

50  in. 

0 

0 

200,000 

200,000 

135,000 

.ir,,Olll| 


39  ft 
10  ft 

14  ft 

9  ft 

27  ft 


6       in. 
5 


4 

G.E.209 

275 
Geared 

78:24 

26,000 

13,000 
50,000 

1,100 

660 

16.6 

19.5 

45 


*  Natural  ventilation.     This  motor  not  designed  for  forced  ventilation. 


TABLE   IV 
COST  OF   MAINTENANCE  OF  ELECTRIC  LOCOMOTIVES  OF  B.   &  O.   R.   R. 

Class  LE-2  OE-1  and  OE-2 

No.  in  service  4  4 

Serial  numbers  6-9  11-14 

Year  built  ,  3  in  1903  and  1  in  1906  Two  in  1910  and  two  in  1912 


Year 

Mileage 

Cost  per  Loco.  Mile 

Mileage 

Cost  per  Loco.  MUe 

1909 

126,258 

$0,029 

1910 

!  38,098 

0.041 

10.029 

1911 

129,140 

0.044 

61,112 

0.051 

1912 

92,550 

0.063 

91,4.30 

0.032 

1913 

87,556 

0.054 

98,816 

0.071 

1914 

78,4.32 

0.051 

100.00  1 

0.055 

1915 

93,444 

0.046 

l  13,  ■ 

0.049 

1916 

107,464 

0.051 

129,748 

0.067 

1917 

95,458 

0  052 

136,344 

0.046 

1918 

91,302 

(1.077 

133,420 

0.074 

1919 

61,916 

0.181 

145,832 

0.091 

1920 

80,298 

0.154 

l  is,  104 

0.058 
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2,250  actual  tons  inclui  locomotive 

weighing  approximately  230  tons.  Two 
1  lE-1  or  OE-2  locomotives  haul  these 
trains  on  the  maximum  grade  at  speed  of 
L5  miles  per  hour  which  is  nearly  twice  the 
speed  obtained  with  Mai  let  steam  locomo- 
tives on  corresponding  grades  with  full  load- 
in-. 

As  of  interest  in  this  connection  I 
shows  the  results  of  a  dynamometer  test 
with  two  class  OE-2  electric  locomotives 
hauling  a  2,450-ton  train  over  the  Belt 
Line,  the  total  weighl  of  train  includir 
electric  locomotives  being  2, 70!). 7  tons.  These 
curves  are  typical  of  freight  train  perform- 
ance except  the  weight  is  somewhat  above 
normal  train  weights. 


Traffic 

Traffic    at    present    consists    of    handling 
about    33    trains    eastbound    daily    of    which 
are  seven  through  passenger  trains  for 
the  east  and  one  or  two  locals,  the  remainder 
bound   freight  trains.     On  special 
Li  ms  a  considerably  greater  number   of 
eastbound  trains  may  be  handled  within  a 
24-hour    period.      Table    II    presents    traffic 
data  to  show  by  years  the  number  of  trains 
handled,   locomotive   a  i-miles,   kil- 

owatt-hours consume'! 

Operating  Statistics 

Tables  I,  II,  and  IV  include  data  of  the 
principal  operating  statistics,  also  of  the  cost 
of  maintaining  electric  locomotives,  etc. 


A  Transition  Period  in  Radio  Communication 

Part  II 

By  A.  F.  Van  Dvck 
Radio  Engineering  Department,  General  Electric  Company 

The  successive  inventions  of  devices  and  innovations  in  practice  that  have  been  made  to  perfect  radio 
communication  may  be  grouped  into  five  epochs,  the  last  being  that  which  we  are  entering  today.  The  devel- 
opments that  are  bringing  about  the  present  transition  were  detailed  in  Part  I  of  this  article.  The  present 
installment  outlines  the  influence  which  recent  devices  are  bringing  to  bear  on  the  present  status  of  radio  and 
predicts  what  effect  this  will  probably  have  on  the  practice  of  the  art  in  the  near  future. — Editor. 

actors.  The  elimination  of  such  apparatus 
as  spark  gaps,  high-tension  condensers,  to- 
gether with  the  large  uncertain  transient 
potentials  involved  in  their  use,  results  in  a 
large  increase  in  the  degree  of  reliability  of 
the  station  as  an  operating  unit. 

The  extent  of  this  development  of  the 
transmitting  station  is  shown  by  the  plan 
under  which  the  Radio  Corporation  of 
America  is  constructing  a  new  station  on 
Long  Island.  In  this  station  there  will  be 
concentrated  equipment  which  will  be  equiv- 
alent to  perhaps  eight  stations  of  previous 
types.  The  antennas  and  the  generating 
equipment  will  be  so  arranged  that  it  will  be 
possible  to  utilize  on  any  one  of  the  foreign 
circuits  as  much  generator  power  and  radia- 
tion area  as  may  be  required  to  effect  com- 
munication under  all  probable  combinations 
of  traffic  demand  and  atmospheric  condition. 
As  has  been  pointed  out  by  Mr.  Alexander- 
son,*  the  economical  factors  of  best  utilization 
of  plant  investment  and  operating  force  are 
practically  the  same  in  the  radio  station  as 
in  the  electric  power  station. 

The  same  centralization  of  equipment  and 
operation  of   receiving   stations  will   simulta- 


In  the  previous  installment  of  this  article 
the  recent  developments  in  radio  were  listed 
and  described.  Consideration  will  now  be 
given  to  their  effects  upon  the  several  divisions 
of  radio  communication,  the  conditions  in 
each  as  they  stand  today,  and  the  possibilities 
when  the  new  epoch  is  firmly  established. 
First,  in  the  division  of  long-distance  com- 
munication, it  will  be  found  that  of  the  seven 
stations  in  this  country  which  may  be  rated 
high-power  stations,  all  employ  the  con- 
tinuous-wave system;  four  are  equipped  or 
are  being  equipped  with  radio-frequency  alter- 
nators, and  the  remaining  ones  are  equipped 
with  arc  oscillators.  Likewise,  all  but  two 
of  the  foreign  stations  working  with  this 
country  are  now  of  the  sustained-wave  type. 
That  is,  continuous-wave  systems  are  already 
practically  universal  in  the  high-power  field. 
It  is  to  be  noted  that  the  modern  high-power 
radio  station  approaches  closely  in  nature  to 
the  electric  power  station.  The  equipment  of 
an  alternator  station  is  reduced  to  standard 
power  machinery,  the  radio  alternator,  and 
simple  radio-frequency  transformers  and  re- 
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885 


neously  come  about,  and  the 
reception    methods,    which    has    been    marl, 
despite  the  difficulties  previously  nun 
and  which  has  ahead}    reduced  the  number 
of  service  interruptions  to  remarkably   few, 
can    be    expected    soon    to    eliminate    them 
altogether.     Anyone  familiar  with  the  battle 
between   signals   and   strays,    who   hears   the 
adjustment  of  present  day  receiving  appara- 
tus result  in  the  decrease  of  strays  and   the 
issuance  of  clear  signals,  knows  thai  the  most 
difficult    radio   problem   is   Hearing   complete 
solution. 

It  is  well  to  note  the  great  importanci  ol 
long-distance  radio  communication.  We  have 
been  accustomed  to  consider  radio  as  a  con- 


dle     tin  rad 
In  addition  to  this  cha 

telephonj .  both  of  which  so  far 
impossible   of   accomplishment    wi 
These  fundamental  dil 

understand    why    international    radio 

munication  will  h 

communication    has    bad    in    the   past.      An 

example  of  the   h  munication 

facilitii 

knowledge  of  the  nations  of  Europe  and  those 

of  South  Ann  rica      [1      truethati  rther  factors 


Fig.  1.      Radio  Central  Station  Now  Being  Erected  on  Long  Island  by  the  Radio  Corporation  of  Ameiii 
This  station  will  communicate  with  several  European  and  South  American  stations  simultaneously, 
and  the  first  spoke  is  expected  to  be  in  operation  by  October  1st 


venient  means  of  communication  betwe  n 
ship  and  shore,  aircraft  to  ground,  and  pos- 
sibly between  land  points  where  wire  instal- 
lation or  maintenance  was  difficult,  but  wc 
have  not  had  cause  previously  to  consider  it 
as  a  factor  in  economics  or  world  politics. 
We  do  know  that,  in  the  past,  the  introduction 
of  improved  communication  or  means  of 
disseminating  information  has  resulted  in  a 
closer  unity  of  thought  and  purpose  among 
the  parties  affected.  The  familiar  examples 
of  the  railroad,  the  telegraph  and  telephone, 
and  the  newspaper  are  sufficient  to  mention. 
Likewise,  long-distance  radio  is  certain  to 
have  effect  on  international  relations.  Th 
cables,  which  have  connected  countries  in  a 
limited  way,  have  permitted  highly  restricted 
communication    only.      The    cable    has    two 


cause  some  of  this  difference,  but  we  appre- 
ciate how  little  we  know  ol'  the  South  Ameri- 
can countries,  and  can  see  what  would  he 
added  by  a  possibility  of  obtaining  plentiful 
news  of  current  events  and  opinions.  If  we 
imagine  the  state  of  radio  communication  a 
tew  years  hence,  with  central  stations  giving 
both    telegraph    and    telepho  and 

working    with    high-speed     lutomatic 
mission  and  reception  directly  into  our  cities 
which  are  large  traffic  centers,  it   is  not  diffi- 
cult to  realize  that  we  shall  come  into  i 
relation  with   other   nations.      And   of  course 
closer  relations  mean  a  better  understai, 
a    better    realization    of    the    commonw 
of  nations,  and   to  the  same  degree  that   'his 
transpires  will  conn'  improbability  of  causes 
for  international    war.      Long-distance   com- 
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munication  will  therefore  work  for  the  1. 
ment  of  world  commerce,  world  politics,  and 
world  brotherhood.     The  present  transition 
period  is  seeing  the  inauguration  of  this  work 
of  radio. 

In  the  field  of  short-distance  communica- 
tion, we  find  that  the  recent  improvements 
are  causing  radical  changes  and  additions 
to  established  radio  practice.  This  is  more 
noticeable  in  the  short-distance  field  than  in 
the  long-distance,  because  short-distance 
work  was  an  established  and  accepted  service 
more  than  five  years  ago  while  long-distance 
radio  was  still  more  or  less  experimental  in 
nature.  It  is  therefore  more  difficult  to 
accomplish    the    apparatus    innovations    for 


viously  used  required  frequent  adjustment 
to  maintain  a  good  operating  condition,  and 
many  a  call  has  been  missed  and  many  a 
message  lost  for  this  reason.  Greater  range 
irable  in  some  classes  of  ship  service 
i nit  working  with  shore  stations  nearer 
destination  of  messages.  The  value 
of  this  is  seen  when  one  considers  the  case  of 
the  large  transatlantic  liners,  whose  present 
reliable  operating  range  of  300  to  500  miles 
will  shortly  be  closer  to  1000  miles.  This 
distance  is  equivalent  to  two  days  out  of  port 
and  means  that  practically  all  traffic  of  the 
ship  can  be  handled  directly  to  the  port  of 
arrival  or  departure,  which  in  this  country,  at 
least,  is  the  destination  of  the  greatest  part  of 


Radio  Power  House  at  Marion,  Mass.     A  few  of  the  fourteen  masts  which  support 
the  antenna  system  are  visible  behind  the  power  house 


short-distance  work.  However,  the  improve- 
ments are  great  enough  so  that  commercial 
pressure  is  causing  the  introduction  of  the 
known  improvements  as  rapidly  as  is  economi- 
cally possible. 

In  short-distance  commercial  reception, 
there  is  coming  about  the  introduction  of 
vacuum-tube  detectors  and  amplifiers  as  the 
chief  departure  from  established  practice. 
The  addition  of  these  devices  means  first,  a 
better  reliability  of  operation,  partly  because 
of  greater  stability  of  this  form  of  detector 
and  partly  because  signals  can  be  amplified 
to  better  readability,  and  second,  a  greater 
distance  range  of  communication.  Greater 
stability  is  valuable  because  detectors  pre- 


the  radio  traffic.  If  traffic  is  sent  directly  to 
destination,  or  close  to  it,  time  and  expense 
of  relay  over  wire  lines  can  be  saved. 

Short-distance  transmitters  are  undergoing 
a  change  more  sweeping  than  any  other  radio 
apparatus.  Until  now,  these  transmitters 
have  been  of  the  spark  type,  that  is,  the  neces- 
sary radio  frequency  energy  has  been  obtained 
from  the  discharge  of  condensers  through 
spark  gaps.  This  method  has  been  the  most 
reliable  and  generally  most  suitable  form  of 
transmitter  for  short  distances.  It  had  been 
developed  to  the  limit  of  its  possibilities,  but 
still  retained  the  inherent  disadvantage  of 
being  an  interrupted  source  of  energy  rather 
than  a  continuous  one.     The  new  method, 
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using  the  vacuum  tube,  produces  continuous 
voltage  or  continuous  waves,  thereby 
a  more   satisfactory    transmitter  as  well   as 
permitting  the  use  of  more  efficient  me 
of  reception.     There  are  several  advari 
to  be  derived  from  the  change  to  continuous- 
wave    transmitters.      The    chief    one   is   less 
interference  among  stations  in  a  given  ana 
carrying    on    simultaneous    communication. 
This  is  important  because  at  present,  in  con- 
gested sections,  difficulty  is  experienced  with 
spark    transmitters    in    carrying    on    several 
simultaneous   communications       The   use   of 
continuous  waves  will  not  eliminate  thi 
culty  by  any  means,  but  certainly  will  reduo 
it.    Another  main  advantage  comes  1 1  on  i  the 


highly 
selecti  |    an(j 

in  the  number  of  communic 
on  in  a  gr  i 
mental  problem  in  radio,  to  obtain 
methods  that  the  number  of  static 
in    any    an 
ired.     With  radio 
n.  it  is  probable  that  th< 
of  stations  can  not  approach    thai    oi 

ions,  but  also  then 
it  will  probably  rn      «  red  to  aci  on 

I  i'  me  limit . 
A  result  of  great  imp  frdhi 

the  use  of  contini 


Fig.  3.      Alexanderson  Alternator  Installed  in  High  Power  Radio  Stati< 


fact  that  the  vacuum-tube  transmitter  is 
applicable  to  radio  telephony  as  well  as  teleg- 
raphy. Tube  transmitters  have  already  been 
used  in  service  to  a  considerable  extent, 
mostly  confined  to  short-distance  work, 
chiefly  military,  and  for  new  applications  such 
as  aircraft,  artillery  units,  and  first  line  of 
infantry  communications.  These  applications 
are  mostly  served  by  sets  with  outputs  of 
not  over  50  watts.  The  introduction  into 
commercial  communication  service  of  vacuum- 
tube  sets,  replacing  the  present  spark  sets, 
will  take  a  longer  time  than  has  their  induc- 
tion into  military  service.  Judging  from  past 
experience,  it  will  be  four  or  five  years  bet  or.' 
tube  sets  are  universally  used.     Along  with 


the  development  of  radio-telephony.     A   re- 
view of   the    present    uses  of   radio  ma' 
appear  thai  the  field  for  radio-telepl 
be  limited,   but  it  is  well  to  reflect  on 
history  of  wire  telephony,   and   with   this  in 
mind  it  will  appear  rea  onable  and  probable 
that  telephonic  radio  communication  will  in 
time  outstrip  the  radio  telegraph  in  usefulness. 
It  is  interesting  to   n  al    the  vain 

efforts  of  the  early  in- 

resulted   in    successful  and    that 

success  has  come  so  suddenly  that  it  is  some- 
what difficult  to  appreciate  it.  Even  in  the 
early  days  of  spark  transmitters,  the  pioneers 
were  searching  for  means  whereby  telephony 
could   be   accomplished.     The  use  of  spark 
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frequencies  above  audibility  was  the  only 
possibility,  and  this  was  not  a  satisfactoi 
method.  Then  De  Forest  with  the  Poulsen 
arc.  and  Fessenden  with  the  alternator, 
marked  the  next  steps  of  progress.  The 
first  completely  successful  method,  however, 
resulted  from  the  vacuum-tube  discovi 
This  method  is  completely  successful  because 
it  is  workable  with  any  power,  and  control 
of  its  output  by  speech  energy  is  easily  and 
perfectly  obtained. 

The  present  applications  of  radio  telephony, 
in  general,  are  the  following: 

.(a)  Ship  to  ship 

(b)  Ship  to  shore* 

(c)  Ship  to  land  wire  telephone  system 
(d  '   Between  fixed  land  statii  in 

(e)  Aircraft  to  fixed  stations 

(f)  Between  mobile  land  stations. 

The  first  two  classes  of  telephone  service 
will  be  used  chiefly  by  ships'  officers,  port 
officials,  etc.,  for  communication  in  con- 
nection  with  the  business  of  the  ship,  and  will 
be  of  little  use  to  passengers.  Ship  to  land 
telephone  line  communication  is  the  service 
which  will  have  greatest  public  usefulness, 
since  this  in  effect  transforms  every  tele- 
phone installation  in  the  country  into  a  radio 
station  able  to  communicate  with  ships  at 
sea.  Doubtless,  in  a  few  years,  it  will  be 
possible  to  extend  this  service  to  transoceanic 
distances,  so  that  any  telephone  in  this 
country  may  be  linked  to  any  one  in  a  foreign 
country.  One  feature  of  radio  telephony 
which  will  militate  against  it  for  a  time  is  its 
lack  of  secrecy.  This  has  not  been  felt 
seriously  in  radio  telegraphy,  since  confiden- 
tial communications  could  be  coded  easily. 
This  is  not  easily  possible  in  telephony,  so  that 
radio  telephony  will  not  be  fully  utilized  until 
technical  advance  provides  secrecy.  Fairly 
satisfactory  methods  for  accomplishing  this  are 
known  already,  and  when  thoroughly  worked 
out  the  feature  of  secrecy  will  be  added. 

Fixed  land  station  telephony  will  be  useful 
between  isolated  points  not  connected  by 
wire  lines,  and  it  is  probable  that  considerable 
use  of  this  service  will  be  made  in  the  central 
and  far  west  sections  of  this  country,  partic- 
ularly in  oil,  mining,  and  forestry  regions. 

Aircraft  to  fixed  station  telephony  will 
probably  be  useful  mainly  for  navigational 
purposes.  Telephony  is  particularly  advan- 
tageous to  aircraft  because  there  is  no  neces- 
sity for  carrying  an  expert  telegraph  operator. 

by  A.  Stein,  General 


Mobile  land  station  telephony  may  become 
important  in  various  applications  in  time, 
but  avoiding  any  stretching  of  the  imagina- 
tion we  can  sec  one  application  which  will 
come  about  early  in  the  new  epoch;  namely, 
ti  lephonic  communication  with  moving  trains 


Fig.  4.      Direction  Finding  Radio  Station  with  Camouflage 

Protection  as  Employed  for  Military 

Purposes  in  France 

and  perhaps  safety  control  of  trains  through 
radio  means,  in  addition  to  communication. 
This  will  have  an  important  effect  on  the 
dispatching  of  trains  as  well  as  afford  com- 
munication conveniences  to  passengers. 

It  is  to  be  noted  especially  that  the  intro- 
duction of  telephony,  and  the  consequent 
possibility  of  eliminating  the  expert  telegraph 
operator  in  many  classes  of  service  will 
require  a  greater  refinement  of  apparatus 
design  than  has  been  necessary  in  the  past. 
Radio  apparatus  is  unique  among  electrical 
equipment  in  that  it  involves  the  use  of  many 
devices  of  the  nature  of  laboratory  instru- 
ments, and  yet  is  submitted  to  service  con- 
ditions and  operation  which  equal  in  severity 
that  which  is  given  to  ordinary  electrical 
apparatus  of  more  robust  nature.  It  must 
be  the  object  of  the  designer  of  radio  appara- 
tus under  the  new  conditions  to  create  prod- 
uct satisfactory  in  this  important  particular. 
Much  advantage  can  be  gained  from  the 
mistakes  and  the  successes  of  the  past  epoch 
apparatus,  but  even  the  best  of  this  must  be 
improved  upon  to  give  reliable  sen-ice  with- 
out the  attention  of  expert  attendants,  which 
has  always  been  available  in  the  past. 

Some  of  the  developments  previously 
described  have  led  to  the  successful  intro- 
duction into  service  of  a  new  use  of  radio 
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which  will  be  very  important  in  the  new  i 
This  use,  direction  finding,  is  a 
from  the  field  of  pure  communii 
well  illustrates  the  fact  thai  radio  is  bran 
out  into  a  more  general  usefulness  than  has 
been  expected.  The  direction  findei 
device  for  determining  the  direction  from 
which  radio  signals  are  received,  and  is  now 
practicable  as  a  result  of  the  improvi 
in  sensitiveness  of  receiving  apparatus  I 
has  long  been  known  that  antennas  of  certain 
forms  were  highly  directive  in  rece 
ability,  but  these  forms  were  such  that  suffi- 
cient energy  could  not  be  collected  by  them 
to  operate  the  detecting  apparatus  then 
known,  and  in  consequence,  the  distance  over 
which  results  were  obtainable  was  not  suffi- 
cient to  make  the  device  useful.  Now,  how- 
ever, with  amplifying  equipment,  it  is 
possible  to  receive  signals  on  these  highly 
directional  antennas  over  sufficient  distances. 
A  modern  addition  toward  refinement  of 
the  device  consists  of  means  for  determining 
not  only  the  line  of  direction  along  which 
the  radio  signal  is  travelling,  but  also  which 
way  from  the  receiving  station  the  trans- 
mitter is  located.  The  uses  of  the  direction 
finder  at  present  are  two  in  number;  one, 
which  we  trust  will  be  of  lesser  importance 
in  the  future,  is  for  the  location  of  enemy 
radio  stations  in  war.  It  is  to  be  noted  that  a 
proper  system  of  direction  finding  stations 
will  determine  not  only  the  direction  from 
which  the  radio  signals  are  received,  but  by 
methods  of  triangulation  will  permit  the 
sending  station  actually  to  be  located.  The 
more  important  use  of  the  direction  finder  is 
for  assistance  to  navigation  of  ships.  Direc- 
tion finding  stations  have  been  erected  along 
the  coasts,  which,  upon  request  from  a  ship, 
will  make  determination  of  the  ship's  position 
and  inform  the  ship  by  radio  telegraph. 
Naturally,  mariners  were  cautious  at  first  in 
accepting  this  strange  method,  but  are 
rapidly  learning  to  trust  the  accuracy  of  this 
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mentioned   are   of  kinds   which   are   useful   in 
other  electrical   fields.     On  account   of  this 
fact,    radio    practice    is    beginning    to 
influence  on   general    practice,    and,    on    the 
other  hand,  radio  in  tl  ■  ill  be 

assimilated  in  the  electrical  family,  losii 
specialization  and  distinctiveness  which  have 
characterized  it  in  it-  past  epochs.     Some  of 
the  application  paratus  first 

developed  lor  radio  purposes  an-  a-  follows: 

Telautomatics.  or  the  control  <>t 
a   distance;    for   example,    torpedoes,   mines, 
ships,  etc 

Sound  signalling,  sound  detection;  for 
example,  the  location  of  distant  aircraft,  the 
use  of  the  loud-speaking  telephone  for 
increasing  the  voice  range  of  public  speakers. 

Microphonic  work  in  general,  including 
physiological,  chemical,  and  physical  studies 

Wired  wireless,  or  the  use  of  radio-fre- 
quency currents  on  wire  lines  for  the  purpose 
of  obtaining  the  multiplexing  possibilities  of 
resonant  tuning 

It  seems  certain  that  these  new  fields  of 
usefulness,  in  addition  to  the  great  improve- 
ments in  pure  communication,  will  cause 
the  fifth  epoch  in  radio  to  stand  out  in 
importance  over  any  which  have  gone  t>< 
It  would  seem  that  ra-li"  after  its  score  of 
years,  has  reached  maturity  and  is  ready  to 
take  its  place  among  the  established  arts. 
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Methods  for  the  Production  and  Measurement 
of  High  Vacua 

PART  XI.    TEMPERATURE  DROP,  SLIP,  AND  CONCENTRATION  DROP 
IN  GASES  AT  LOW  PRESSURES 

By  Saul  Dushman 
Research  Laboratory,  General  Electric  Company 

This  instalment,  which  completes  the  series  of  articles  on  the  subject  of  high  vacua,  contains  a  discussion 
of  certain  low-pressure  phenomena  which  are  of  importance  from  the  point  of  view  of  Langmuir's  theory  of 
the  unimolecular  layer.  A  summary  is  given  of  the  topics  discussed  in  the  previous  instalments  of  the 
series,  and  an  appendix  has  been  added  which  contains  tables  of  formulas  and  data  which  ought  to  prove 
useful  in  connection  with  investigations  at  low  pressures. — Editor. 


Reflection  of  Molecules 

In  discussing  Langmuir's  theory  of  adsorp- 
tion it  has  been  stated  as  the  fundamental 
postulate  of  this  theory  that  practically  all 
atoms  or  molecules  when  striking  a  surface 
condense,  no  matter  what  the  temperature  of  the 
surface  may  be.  It  is  true,  of  course,  that  the 
condensed  atoms  may  re-evaporate  very 
rapidly  especially  if  the  surface  is  at  a  high 
temperature.  But  the  point  is  that  there  is 
practically  little  or  no  specular  reflection  of 
molecules  striking  any  surface.  All  of  Lang- 
muir's experimental  observations  and  results 
obtained  on  adsorption  by  other  investigators 
are  in  accord  with  this  point  of  view.  In  the 
present  section  we  shall  discuss  certain 
phenomena  in  gases  at  low  pressures  which 
may  be  regarded  as  supporting  the  funda- 
mental postulate  stated  above.1  Further- 
more, these  phenomena  illustrate  in  a  strik- 
ing manner  the  radical  differences  between 
the  properties  of  gases  as  observed  at  or- 
dinary pressures  and  those  observed  at  low 
pressures. 

Coefficient  of  "Slip"  in  Gases  at  Low  Pressures 

In  discussing  the  theory  of  viscosity 
manometers2  it  was  pointed  out  that  at  low 
pressures  there  is  distinct  evidence  of  a 
slipping  of  gas  molecules  over  planes.  De- 
noting the  coefficient  of  slip  by  5,  it  can  be 
shown  that  the  amount  of  momentum,  B, 
transferred  from  a  plane  moving  with  veloeity 
u  parallel  to  a  stationary  plane  situated  at 
a  distance  d  is  given  by  the  relation 


1  Langmuir,  "The  Evaporation,  Condensation  and  Reflection 
of  Molecules  and  the  Mechanism  of  Adsorption."  Phys.  Rev.  8, 
149  (1916). 

2  Part  IV  of  this  series.  General  Electric  Review  IS, 
735  (1920). 

'  Poynting  and  Thomson,  "Properties  of  Matter."  p.  220. 
•See  Part  I  of  this  series,  General  Electric  Rly 
49S  (1920).  for  table  of  mean  free  paths. 

Knudsen.  Ann.  Phys.  28,  75  (1908);  SB,  3S9  (1911). 
»  A.  Timiriazeff,  Ann.  Phys.  40,  971  (1913). 
;  B.  Baule,  Ann.  Phys.  44,  145 


B  = 


t}U 


(1) 


d+n 

where  7]  is  the  coefficient  of  viscosity  as  de- 
termined at  higher  pressures.  Thus,  owing 
to  this  slip  there  is  an  apparent  increase  in 
Mi--  thickness  of  the  gas  layer  between  the 
1  \v< i  surfaces,  this  increase  amounting  to  5 
i'  ir  each  surface.  It  was  shown  by  Kundt 
and  Warburg  in  their  early  investigations 
on  this  subject3  that  8  is  of  approximately 
the  same  order  of  magnitude  as  the  mean 
free  path.  At  a  pressure  of  1  bar,  the  mean 
free  path  for  ordinary  gases  is  about  10 
em.,4  and  since  the  mean  free  path  varies 
inversely  as  the  pressure,  it  is  evident  that 
at  very  low  pressures,  d,  the  distance  between 
the  plates  is  negligible  compared  to  5.  Con- 
sequently, equation  (1)  assumes  the  simple 
form 


B  = 


(2) 


We  thus  see  a  radical  difference  here  be- 
tween the  viscosity  effects  exerted  by  a  gas 
at  high  and  low  pressures,  respectively.  At 
ordinary  pressures,  the  value  of  B  is  inde- 
pendent of  the  pressure,  whereas  at  very 
low  pressures  it  varies  inversely  as  the  mean 
free  path  and  therefore  directly  as  the  pres- 
sure. In  other  words,  at  low  pressures  the 
amount  of  momentum  transferred  per  unit 
area  decreases  enormously  as  compared  with 
that  observed  at  ordinary  pressures. 

Physically  this  is  accounted  for,  as  has 
been  pointed  out  in  a  previous  connection,  by 
the  fact  that  at  very  low  pressures  the  mole- 
cules can  travel  from  one  surface  to  the  other 
without  mutual  collisions.  We  have  here 
the  condition  designated  by  Knudsen  as 
that  of  "molecular  flow." 

Knudsen5,  Timiriazeff6  and  Baule7  have 
attempted   to   derive   a   relation   between   S 
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and   the  mean  free  path   (L).     In  ord 
compare  their  results  we  shall  write 

S  =  bL 
where  b  is  a  constant  whose  value  may  be 
slightly  greater  or  less  than  unity. 

According  to  the  kinetic  theory  of  gases 

7]  =  lApilL  (  |  | 

where  p  =  density,  Q  =  average  (arithmetical) 
velocity,  and  the  factor  \'A  has  been  taken  as 
the  average  of  the  values  0.31  used  by  Meyer 
and  0.35  used  by  Boltzmann. 

Substituting  for  p  and  0  the  relations 

Mp 

J     M|xM 

wc  therefore  obtain  the  relation 


L= 


3    »?    J2jRT 
4>\    M 


and  consequently 


.     36    77    \2t 

'  =  T-p\—a 


2ttRT 


(5) 


(6) 


p  \     .1/ 

All  the  investigators  mentioned  above  are 
agreed  in  the  conclusion  that  the  exact 
value  of  b  must  depend  upon  the  ratio  be- 
tween the  number  of  molecules  reflected 
according  to  the  laws  of  specular  reflection 
and  the  number  actually  striking  the  sur- 
face. Knudsen  assumes  that  in  general  this 
ratio  is  practically  zero.  In  other  words, 
the  momentum  of  all  the  molecules  striking 
a  surface  is  practically  completely  transferred 
to  this  surface.  On  this  basis  he  derives  the 
relation 

&  =  ^.£  (7) 

and  determines  experimentally  the  value  of 
Ci/Gi  to  be  0.81. 

Substituting  this  result  in  equation  (3), 
we  obtain  the  relation 

5=0.917  7.  (8) 

Timiriazeff,  on  the  other  hand,  assumes 
that  the  amount  of  reflection  in  viscosity 
effects  is  the  same  as  that  observed  in  heat 
conduction  at  low  pressures  (see  below), 
and  derives  the  relation 
.     2-/ 


/    SL 


where/  is  the  so-called  "accommodation  co- 
efficient" for  heat  transfer  in  gases. 


If  we  assume  /=1, 
the  relation 

Ihere  is  evident  hen 

deductions  obtained    by    Knuds  n    and 
Timiria 
Battle,   who  has  discus  1  d 
li    detail,    disagi 
sumption   n 

for  both  vi 
conduction.      The    relation    derived    by    him 
may  be  written  in  the  simplil 


1-5      3 


'  Quoted  by  Langmuir.  Phys.  Rev.  8.  155  (1916). 
'Ann.  Phys.  41.  289  (1913). 


where   5   is   a   complicated    function    oi 
dimensions  of  the  molecule 

constituting   the  surface.     The 
of  this  constant  may  vary  fn  i;  con- 

sequently  the  value  of  b  lies  between  0.67 
and  1.0. 

The  actual  experimental  data  on  this  sub- 
ject  are  not  sufficiently  exact  to  make  it  possible 
to  reach  am   certain  conclusions.     Prom  his 
experiments  on  the  flow  of  gases  at  low 
sures  through  capillary  tubes.   Knu 
eluded5  that  in  the  case  of  hydro 
cannot   be   a   specular  reflection   amount  ine 
to  more  than  about  one  per  cent.     On  the 
other   hand.    "Millikan8   has   calculated    the 
coefficient  of  slip  from  his  measurements  on 
the  fall  of  small  spheres  and  has  conch 
that  the  slip  in  air  is  about  10  per  cent,  and 
in  hydrogen  about    8  per  cent  greater  than 
would  be  expected   according  to   Knudsen's 
assumption  regarding  the  absence  of  specular 
reflection. " 

Gaede9  has  made  the  interesting  observa- 
tion that  at  pressures  ranging  from  0.001 
mm.  to  20  mm.  the  amount  of  gas  which 
flows  through  a  narrow  tube  is  less  than  that 
calculated  by  Knudsen  on  his  theory.  This 
would  correspond  to  a  -negative  value  ol 
coefficient  of  slip,  and  Gaede  therefore  con- 
cludes from  his  measurements  thai  a  certain 
fraction  of  the  incident  molecules  tend  to 
return  after  collision  in  the  direction  from 
which  they  came. 

"Temperature  Drop"  at  a  Surface  in  Gases  at  Low 
Pressures 

In  analogy  with  the  existence  of  slip  in 
viscosity  effects  at  low  pressures  there  has 
been  observed  in  the  case  of  heat  conduction 
at  low  pressures  between  two  surfaces  the 
nee  of  a  temperature  drop  at  each  sur- 
face corresponding  to  a  fictitious  distance  7. 
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This  constant  is  designated  as  the  coefficient 
oj  discontinuity  oj  temperature.  The  analogy 
between  this  coefficient  and  that  of  slip  is 
seen  from  the  relation  for  the  heal  transferred 

per  u' lit  area  per  unit  time,  which  assumes 
the  form 

_2_  =  -JL_  (12) 

where  K  is  the  heat  conductivity.  The 
similarity  between  this  equation  and  equation 
(1)  is  evident. 

The  existence  of  this  effect,  although  pre- 
dicted by  Kundt  and  Warburg  as  a  result 
of  their  investigations  on  the  coefficienl  oi 
slip,  was  first  observed  and  investigated 
theoretically  by  Smoluchowski10  in  1898. 

Assuming,  as  Maxwell  did  in  his  treatment 
of  slip,  that  the  fraction  /  of  the  incident 
molecules  is  absorbed  and  evaporated  again 
with  a  velocity  distribution  corresponding 
to  that  in  the  still  gas  at  the  temperature  of 
the  solid,  while  the  fraction  1  — /  is  reflected, 
Smoluchowski  derived  a  relation  which  may 
be  written  in  the  form 


y=^-^     -L* 


(13) 


Assttming  that  /  in  heat  transfer  has  the 
same  value  as  in  the  case  of  slip,  it  follows 
by  comparing  with  equation  (9)  that 

7=y5  Mli 

It  will  be  observed  that  for  /=  1,  equation 
(13)  becomes 

7=  L.25L 

Actually  it  was  observed  that  between 
glass  surfaces  in  air,  7=1. VOL  and  in  hydro- 
gen, 7  =  6.96  L.  According  to  equation  (13) 
this  would  correspond  to  the  values  0.85  and 
0.305  for  /  in  air  and  hydrogen  respectively. 
That  is,  in  the  case  of  hydrogen,  69.5  per 
cent  of  the  molecules  striking  a  heated  glass 
surface  would  suffer  specular  reflection. 

Smoluchowski  also  suggested  another 
method  of  considering  this  phenomenon. 
When  molecules  with  kinetic  energy  corre- 
sponding to  a  temperature  T\  strike  a  surface 


*  Using  the  factor  0.31  in  Meyer's  equation  for  L  in  terms  of 
it,  Smoluchowski  derives  a  relation  with  the  coefficient  15  W 
in  place  of  5/4. 

t  These  relations  have  been  calculated  from  the  equation1; 
given  by  Baulefor£  and  the  relations  derived  for  ,<  in  the  kinetic 
theory  of  gases  (See  General  Electric  Review.  1915,  pp. 
1046-7)  using  the  relations 

„  =  B,r:    and    ,  =  11    3)    pfjZ.. 

For  monatomic  gases  i?=2.50  and  for  diatomic,  B=  1.9. 

»>  Phil.  Mag.  46,  192  (1S9S).  Ann.  Phys.  Si,  983  ( 191 1  i. 

11  For  a  summary  of  Baule's  discussion,  the  reader  may  con- 
sult Langmuir's  paper,  Phys.  Rev.  g,  149  (1916) 


at  a  higher  temperature  7*2,  the  molecules 
leaving  this  surface  have  this  temperature 
only  if  there  is  complete  equalization  of 
temperature  during  the  act  of  impact  on  the 
plate  If  this  is  not  the  ease,  the  molecules 
leaving  the  surface  have  a  temperature  T 
intermediate  between    /',   and    7*«  such  that 


T  =  aT2+(l-a)Ti 


(15) 


where  a  is  a  number  less  than  unity,  which 
has  been  designated  as  the  "accommodation 
ci "  fficienl  "  by  Knudsen. 

At  very  low  pressures,  where  the  mean  free 
path  is  greater  than  the  distance  between 
the  plates,  it  can  be  shown  that  the  amount 
of  heat  transferred  per  unit  time  per  unit 
area  and  per  unit  difference  of  temperature 
between  the  plates  is 


0  = 


E.  p 


(10) 


where    E   denotes    the   molecular   heat    con- 
ductivity at  the  temperature  T. 
Since  at  these  pressures 

0=4- 


(17) 


27 

it  follow 

s  that 

K 

y~p~E' 

2-a 

a 

For  a 

monatomic  gas 

-^  =  2  5L 

p.E 

For  a 

diatomic  gas 

p.E 

L.83  /. 

Hence  for  monatomic 

gases 

(18a)t 


(18b)t 


7  = 


a 


(2.5L) 


and  for  diatomic  gases 
2— a 
a 

For  a=\  we  must  therefore  obtain  values 
of  7  which  vary  from  0.915  L  in  case  of  dia- 
tomic gases  to  1.25  L  in  that  of  monatomic 
gases. 

Baule11  who,  as  mentioned  above,  has 
critically  discussed  the  whole  problem  of  slip 
and  temperature  drop,  has  pointed  out  that 
it  does  not  at  all  follow  that  the  accommoda- 
tion coefficient  should  be  the  same  for  both 
slip   and    heat   conduction.      Instead   of    the 
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value  -  =  --_    as  deduced   by  Smoluchowski 

7        1.) 

he  concludes  that  -  must  vary  with  the  na- 

7 
ture  of  the  gas  and  that  of  the  surface.     For 
the  case  of  a  nickel  surface  he  calculati 
air,  carbon  dioxide  and  hydrogen,  the 
8   13,    8/13,    and    8/80,   respectively, 
values  are  in  substantial  agreement  with  the 
experimentally  observed  results. 

Langmuir11  has  adopted  Baule's  theory 
as  a  starting  point  but  points  out  that  the 
latter  has  failed  in  his  arguments  to  take 
into  account  the  existence  of  attractive  (and 
repulsive)  forces  between  the  atoms  on  the 
surface  and  the  colliding  molecules.  The 
existence  of  these  forces  would  tend  to  lessen 
the  velocity  of  molecules  after  collision  and 
thus  modify  to  a  certain  extent  the  values 
derived  by  Baule  from  theoretical  consider- 
ations, and  the  conclusion  is  arrived  at  that 
the  probability  of  any  considerable  amount  of 
specular  reflection  is  extremely  small  except 
in  such  a  case  as  that  of  hydrogen. 

Experimentally  it  has  been  found  that  in 
the  latter  case  the  coefficient  of  accommoda- 
tion for  heat  transfer  is  only  about  0.19. 
This  is  lower  than  that  observed  in  any  other 
case,  and  Langmuir  has  suggested  various 
reasons  for  this  exceptionally  low  value. 
On  the  whole  the  experimental  work  on  tem- 
perature drop  leads  to  the  conclusion  that 
the  amount  of  specular  reflection  in  heat 
transfer  is  ordinarily  quite  negligible  and 
does  not  exceed  a  few  per  cent. 

Recent    Experiments    of    Wood    and    Knudsen    on 
Condensation 

Some  more  recent  experimental  observa- 
tions made  by  R.  W.  Wood12  and  M.  Knud- 
sen13 have  been  interpreted  by  these  investi- 
gators as  indicating  that  under  certain  con- 
ditions there  may  be  considerable  reflection 
of  molecules  at  surfaces  upon  which  they 
impinge.  In  Wood's  experiments  a  stream  of 
cadmium  vapor  in  a  well  exhausted  bulb  was 
allowed  to  strike  a  glass  surface  at  different 
temperatures.  No  visible  deposit  was  ob- 
served unless  the  glass  was  held  at  a  tem- 
perature below  about -90  deg.  C.  On  the 
other  hand,  once  a  deposit  was  started  by 
cooling  the  glass  at  that  spot  with  liquid 
air.    the    deposition    of    cadmium    continued 


Phil.  Mag.  SO,  300  (1915) ;  32,  364  (1916). 
'Ann.  Phys.  SO.  472  (1916). 

Ann.  Phvs.  68,  505  (1919). 
-Ann.  Phys.  !,S.  1113  (1915). 
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luded    thai   while  cadmium 

cadmium  surfai  ■  mper- 

ature,   they   condense 
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v  temperatun 
Similar  ol 
Knudsen     and     still     i 

iff."     Knudsen  experimented  with 
mercury   vapor   a  tem- 

pi ra1 

molecules  impinging  on  a  gl 
apparently   reflected.     With  othi  i 
similar  "cri  erature"  was  observed 

above  wh  ci  urred.     \\- 

the  ease  of  A //,('/.    this  critical   change  oc- 
curred  at— 183   deg.   C,   in    thai 
at    temperatures   varying   between   350 
and   ."iT.'i   deg.    ('..    while   in    the   ease   of   /inc. 
cadmium  and  magnesium,  the  critical  • 
I  83    deg     and  -78 
C.     All   these   observations   held    true   only 
for  a  glass  surface.      On  the  other  hand    mer- 
cury atoms  condensed  on  a  mercury  surface 
at  all  temperatures.     This  la  ation 

had  been   made  by    Knudsen   in   a   previous 
investigation.15  and    in   fact    he   ' 
the  relation 

to  determine  the  vapor  tension  of  mercury 

at  extremely  low  temperatures  from  thi    I 
of   evaporation    (m).      As   has    been    po 
out  in  a  previous  connection,    the  applica- 
tion of  this  equation  involve  imption 
that  there  is  no  oi    the 
vapor  striking  the  surface  from  whii 
ation  is  occurring. 

Weyssenhoff  cai  ome  experiments 

in  order  to  determine  the  amount  of  n 
tion  of   mercury   atoms   striking   surfaces   of 
gold  and  iron.    While  no  absolute  determina- 
tions of  the  amount    i 
tained,    he   concludes   from   his   experin 
that   at— 10(1    deg.    C,    the    reflection    from 
gold   is   .")   to    10   times   less   than   that    from 
iron. 

These  observations  have  been  interpn 
by  these  in   i  as  indicating  thi 

some    tempi  accommodation    co- 

efficient for  condensation  changes  very  rapidly 
from  zero  to  unity.  Langmuir  has,  however. 
repeated  Wood's  experiment  hides 

from  his  observations  that  this  deduction 
is  not  justifiabli 
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In    his  experiments,    Langmuir  used   cad- 
mium vapor  in   a  well  exhausted  bulb  and 
bed   the  effect  of  cooling  a  portion 
of  the  glass  surface  to  d  mpcratures. 

He  finds  that  "traces  of  residual  gas  may 
prevent  the  growth  of  the  deposit,  particu- 
larly in  those  places  which  n  most 
tively  cooled.  This  is  probably  due  to 
ion  of  the  gas  by  the  cooled  metal 
deposit."  By  using  a  side  tube  containing 
charcoal  immersed  in  liquid  air  this  effect 
was  eliminated. 

"If  all  the  cadmium  is  distilled  to  the 
lower  half  of  the  bulb  and  this  is  then  hi 
to  220  dcg.  in  an  oil  bath  while  the  upper 
half  is  at  room  temperature,  a  fog-like  de- 
posit  is  formed  on  the  upper  part  of  the  bulb 
in  about  fifteen  seconds.  This  deposit  is 
very  different  from  that  obtained  by  ci 
the  bulb  in  liquid  air.  Microscopic  examina- 
tion shows  that  it  consists  of  myriads  of 
small  crystals.  According  to  the  condensa- 
tion-evaporation theory,  the  formation  of 
this  fog  is  readily  understood.  Each  atom 
of  cadmium,  striking  the  glass  at  room  tem- 
perature, remains  on  the  surface  for  a  certain 
length  of  time  before  evaporating  off.  If 
the  pressure  is  very  low,  the  chance  is  small 
that  another  atom  will  be  deposited,  adjacent 
to  the  first,  before  this  has  had  time  to  evapo- 
rate. But  at  higher  pressures  this  frequently 
happens.  Now  if  two  atoms  are  placed  side 
by  side  on  a  surface  of  glass,  a  larger  amount 
of  work  must  be  done  to  evaporate  one  of 
these  atoms  than  if  the  atoms  were  not  in 
contact.  Not  only  does  the  attractive  force 
between  the  cadmium  atom  and  the  glass 
have  to  be  overcome,  but  also  that  between 
the  two  cadmium  atoms.  Therefore  the 
rate  of  evaporation  of  atoms  from  pairs  will 
be  much  less  than  that  of  single  atoms. 
Groups  of  three  and  four  atoms  will  be  still 
more  stable.  Groups  of  two,  three,  four 
atoms,  etc.,  will  thus  serve  as  nuclei  on  which 
crvstals  can  grow.  The  tendency  to  form 
groups  of  two  atoms  increases  with  the  square 
of  the  pressure,  while  groups  of  three  form 
at  a  rate  proportional  to  the  cube  of  the 
pressure.  Therefore  the  tendency  for  a 
foggy  deposit  to  be  formed  increases  rapidly 
as  the  pressure  is  raised  or  the  temperature 
of  the  condensing  surface'  is  lowered. 

"On  the  other  hand,  according  to  the  re- 
flection theory,  there  seems  to  be  no  satis- 
factory way  of  explaining  why  the  foggy 
deposit  should  form  under  these  conditions. 

"Experiments  show  clearly  that  when  a 
beam  of  cadmium  vapor  at  very  low  pressure 


a  given  glass  surface  at  room  tem- 
ire  no  foggy  deposit  is  formed,  although 
when  the  same  quantity  of  cadmium  is  made 
to  impinge  against  the  surface  in  a  shorter 
time  (and  therefore  at  higher  pressure)  a 
deposit  results.  This  fact  constitutes 
strong  proof  of  the  condensation -evaporation 
theory. 

"A  deposit  of  cadmium  of  extraordinary 
small  thickness  will  serve  as  a  nucleus  for 
the  condensation  of  more  cadmium  at  room 
rature.  Let  all  the  cadmium  be  dis- 
tilled to  the  lower  half  of  the  bulb.  Now 
the  lower  half  to  nO  deg.  C.  Apply 
a  wad  of  cotton,  wet  with  liquid  air,  to  a 
portion  of  the  upper  half  for  one  minute, 
and  then  allow  the  bulb  to  warm  up  to  room 
temperature.  Now  heat  the  lower  half  of 
the  bulb  to  170  deg.  C.  In  about  thirty 
seconds  a  deposit  of  cadmium  appears  which 
rapidly  grows  to  a  silver-like  mirror.  This 
deposit  only  occurs  where  the  bulb  was  pre- 
viously cooled  by  liquid  air." 

Langmuir  calculates  from  the  vapor  pres- 
sure data  for  cadmium  that  "a  deposit  which 
forms  in  one  minute  with  the  vapor  from 
cadmium  at  60  deg.  contains  only  enough 
cadmium  atoms  to  cover  3  1000  of  the  sur- 
face of  the  glass.  Yet  this  deposit  serves  as 
an  effective  nucleus  for  the  formation  of  a 
visible  deposit. " 

At  lower  temperatures  where  the  vapor 
pressure  is  much  smaller  the  probability 
that  the  atoms  striking  the  glass  will  fail 
into  positions  adjacent  to  atoms  already  on 
the  surface  becomes  very  much  smaller  and 
the  latter  re-evaporate  before  this  occurs, 
consequently  there  is  no  apparent  condensa- 
tion. Langmuir  states  the  difference  be- 
tween his  point  of  view  and  that  of  Wood  and 
the  others  quite  clearly : 

"When  an  atom  strikes  a  surface  and  re- 
bounds elastically  from  it,  we  are  justified 
in  speaking  of  this  process  as  a  reflection. 
Even  if  the  collision  is  only  partially  elastic, 
we  may  still  use  this  term.  The  idea  that 
should  be  expressed  in  the  word  'reflection' 
is  that  the  atom  leaves  the  surface  by  a 
process  which  is  the  direct  result  of  the 
collision  of  the  atom  against  the  surface. 

"On  the  other  hand,  according  to  the  con- 
densation-evaporation theory,  there  is  no 
direct  connection  between  the  condensation 
and  subsequent  evaporation.  The  chance 
that  a  given  atom  on  a  surface  will  evaporate 
in  a  given  time  is  not  dependent  on  the  length 
of  time  that  has  elapsed  since  the  condensa- 
tion of  that  atom.    Atoms  striking  a  surface 
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have  a  certain  average  'life'  on   the  surface 

depending  on  the  temperature  of 

and  the  intensity  of  the  forces  holdiri] 

atom.     According  to  the  'reflection'    i! 

the  life  of  an  atom  on  the  surface  is  simply 

the  duration  of  a  collision,  a  time  practically 

independent  of  temperature  and  oi    Hi. 

nitude  of  the  surface  forces." 

"The  above  experiments  prove,"  as  stated 
by  Langmuir,  "that  the  range  of  atomic  forces 
is  very  small  and  that  they  act  onh  bel 
atoms  practically  in  contact  with  each  i 
Thus  a  surface  covered  by  a  single  layer  of 
cadmium  atoms  behaves,  as  far  as  condensa- 
tion and  evaporation  are  concerned,  like  a 
surface  of  massive  cadmium.  " 

In  this  manner  it  is  possible  therefore  to 
account  very  well  for  the  apparent  reflection 
of  cadmium  and  mercury  from  glass  surfaces 
and  it  is  seen  that  these  observations  are  not 
all  in  contradiction  with  Langmuir's  theory. 

Concentration  Drop  at  a  Surface 

As  pointed  out  by  Langmuir17  "the  diffusion 
of  one  gas  through  another  is  a  phenomenon 
closely  related  to  heat  conduction.  In  the 
case  of  the  evaporation  of  a  solid  surrounded 
by  a  gas,  where  the  vapor  must  diffuse 
outward  through  the  gas,  the  partial  pressure 
of  the  vapor  at  the  surface  of  the  solid  will 
be  less  than  that  of  the  saturated  vapor. 
In  other  words,  there  will  be  a  'concentration 
drop'  at  the  surface,  just  as  there  is  a  'tem- 
perature drop'  in  the  analogous  case  of  heat 
conduction,  and  a  'slip'  in  gases  where 
viscosity  effects  are  involved.  Analogy 
suggests  that  this  concentration  drop  will 
be  inversely  proportional  to  the  pressure." 

Thus,  in  the  case  of  a  tungsten  filament 
evaporating  in  argon  it  is  to  be  expected 
that  there  will  be  a  difference  in  the  con- 
centration of  the  tungsten  vapor  at  the 
surface  and  that  existing  at  a  distance  from 
this  surface,  corresponding  to  the  mean  free 
path  of  tungsten  atoms  in  the  particular 
pressure  of  argon. 

This  drop  in  concentration  is  a  maximum 
in  vacuo  and  decreases  as  the  pressure  of 
argon  is  increased,  thus  tending  to  prevent 
more  and  more  the  escape  of  tungsten  atoms 
from  the  filament.  Consequently  the  actual 
rate  of  evaporation  of  tungsten  is  decreased  by 
the  presence  of  the  gas,  as  atoms  of  tungsten 
colliding  with  gas  molecules  tend  to  be  thrown 
back  towards  the  surface  of  the  tungsten.18 
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Significance  of  t  and  its  Relation   to  the  Accom- 
modation Coefficient 

Mention  has  been   i  [uently 

ot   the  quantity   e  introduced  bv  Langmuir 
in  Ins  discussion  of  chemical  reactions  at  low 

tires.  By  definition,  e  is  tin-  ra- 
the number  of  molecules  actual! 
in  any  reaction  and  the  total  i 
collisions  in  unit  time.  Thus,  in  :: 
oxygen  reacting  with  a  1 
filament,  c  is  the  ratio  between  tl 
of  molecules  of  oxygen  disapp  ■  unit 

time    per    unit    area,    and    the 
molecules  of  oxygen  striking  unii 
unit  time.     In  the  case  of  reactioi 
two    gases,    such    as    tungsten    vapor 
nitrogen,  «  is  the  ratio  betwi 
of   atoms   of    tungsten    combining    with    Nt 
molecules  to  form   H'.Y2  and   the 
collisions  between  II'  atoms  and  A  , 
in  unit  time. 

In  the  latter  ca  e,  Langmuir  finds  that  t  is 
equal  to  unity,  that  is,  combination  occurs 
at  every  collision,  while  in  the  reaction 
between  oxygen  and  tungsten  t  is  extremely 
small  at  low  temperatures  and  tends  towards 
unity  as  the  temperature  is  increased  to  very 
high  values.  In  order  to  account  for 
observation,  Langmuir  assumes19  that  oxygen 
atoms  striking  the  filament  condense  either 
as  02  or  O-O,  forming  either  WOt  or  WO  on 
the  surface,  and  these  two  forms  are  in 
equilibrium  at  any  temperature.  An  oxygen 
molecule  striking  WO,  forms  WO>  which 
distills  off;  on  the  other  hand,  an  oxygen 
molecule  striking  II'(92  does  not  react  with  it. 
Thus  the  low  value  of  e  at  lov.  atures 

is  referred  to  the  presence  of  a  very  stable 
layer  of  WOt  on  the  surface,  and  this  view  is 
confirmed    by    the    behavior    of    hydrogen- 
oxygen    mixtures    in    presence    of   a    h< 
tungsten  filament. 

In  a  similar  manner,  Langmuir  accounts 
for  low  values  of  t  in  other  reactions  between 
gases  and  a  metal  surface  by  the  theory  that 
some  constituent  adsorbed  on  the  su- 
acts  as  a  catalytic  poison  for  the  reaction. 
The  point  is  that  the  low  values  of  t  are  not 
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due  to  any  reflection  oi  ga  molecules  from 
the  metal  surface.  There  is  every  evidence, 
as  has  been   repeatedly   stated   above,    thai 

the  accommodatioi fficient   is  in  general 

approximately  equal  to  unity,  and  tin  ■ 
low  values  of  j  whenever  they  are  obsi 
in    heterogeneous    chemical    reactions    must 
be  accounted   for  by  some  condition  of  the 
surface. 

It  has  already  been  stated  that  the  ac- 
commodation coefficient  for  hydrogen  in 
viscosity  effects  is  practically  unity.  However, 
in  the  case  of  heat  transfer  there  i 
evidence  that  the  accommodation  coefficient 
is  much  lower.  Langmuir  has  observed20  thai 
at 'temperatures  up  to  aboul  L500  deg.  K.. 
at  a  tungsten  surface,  the  accommodation 
coefficient  is  about  0.19.  "In  other  words, 
only  about  L9  per  cent  of  all  the  hydrogen 
molecules  striking  the  filament  reach  thermal 
equilibrium  with  ii  before  leaving  it."  This 
is  in  good  agreement  with  the  value  0.26 
obtained  by  Knudsen  with  platinum  at  room 
temperature.  On  the  other  hand,  at  high 
temperatures  it  is  observed  that  (is  per  cent 
of  all  the  hydrogen  molecules  striking  the 
filament  reach  chemical  equilibrium  before 
leaving  it.  "The  explanation  of  this  apparent 
paradox  is  that  the  surface  of  the  tungsten  is 
largely  covered  by  adsorbed  hydrogen  at 
lower  temperatures,  whereas  at  the  higher 
temperatures  it  is  practically  bare.  The 
l!i  per  cent  thus  corresponds  to  the  fraction 
of  the  molecules  which  condenses  when  they 
strike  a  surface  already  covered  with 
hvdrogen,  while  the  lis  per  cent  represents 
the  fraction  condensing  on  a  bare  surface." 

In  the  case  of  the  homogeneous  gas 
reactions  so  far  investigated  by  Langmuir, 
t  has  been  observed  to  be  unity.  If  any  cases 
should  be  found  in  which  it  is  less  than  this, 
the  most  plausible  assumption  would  be 
that  the  molecules  must  collide  in  some 
particular  manner  in  order  that  reaction 
should  occur,  and  this  might  easily  be 
expected  where  the  molecules  are  large  and 
complex.  In  another  connection  the  writer 
recently  carried  out  some  calculations  on  the 
velocities  of  decomposition  and  formation 
of  hydrogen  iodide.11  It  was  found  that  the 
observed  velocities  could  be  quantitatively 
accounted  for  by  the  theory  that  every 
collision  between  hydrogen  and  iodine  mole- 
cules is  effective  in  the  formation  of  hydrogen 
iodide,   and  similarly  every  collision  between 
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hydrogen  iodide  molecules  is  effective  in 
producing  hydrogen  and  iodine.  In  a  similar 
manner  the  conclusion  was  drawn  that  in  the 
case  of  the  dissociation  of  iodine  vapor  {It) 
into  atoms,  every  collision  between  the 
atoms  musl  lead  to  the  formation  of  a 
molecule  of  Zj.  So  that  there  is  no  evidence 
that  would  point  to  any  reflection  in  collisions 

en  atoms  or  simply  constituted  mole- 
cules  It  is,  however,  probable  that  in  the 
dissociation  of  such  a   complex  molecule  as 

'  OOH)^  not  every  collision  between  the 
dissociation  products  would  result  in  the 
formation  of  a  di-acetic  acid.  Association 
would  then  occur  only  when  certain  groups 
in  each  molecule  are  adjacent.  The  possible 
existence  of  such  a  "steric"  factor  has  been 
pointed  out  by  other  investigators,  but  further 
investigation  is  necessary  before  any  definite 
conclusions  regarding  this  point  can  be 
formed. 

SUMMARY 

In  this  series  of  articles  the  writer  has 
discussed  a  number  of  topics  which  he 
considered  would  be  of  interest  to  those 
engaged  in  experimental  work  with  high 
vacua.  It  may  be  well,  therefore,  in  conclud- 
ing the  series  to  summarize  briefly  the 
subject  matter  of  the  different  parts  and 
point  out  their  relative  connection. 

The  sine  qua  non  for  intelligent  experimen- 
tation at  low  pressures  is  a  knowledge  of  the 
fundamental  principles  of  the  kinetic  theory 
of  gases.  A  very  brief  discussion  of  the 
essential  points  has  therefore  been  given  in 
Part  I  of  the  series,  together  with  a  more 
detailed  consideration  of  the  laws  of  flow  of 
gases  at  very  low  pressures.  This  may  be 
regarded  as  the  introduction  to  the  subject 
matter  of  the  series. 

Parts  II  and  III  deal  with  the  mechanical 
and  mercury  vapor  pumps  respectively. 
This  section  is  prefaced  by  a  general  dis- 
cussion of  speed  of  exhaust,  and  also  contains 
an  appendix  describing  the  arrangement  of  a 
typical  system  for  high  vacuum  experiments. 

The  problem  of  manometers  for  low 
pressures  is  discussed  in  Parts  IV  and  V. 
together  with  all  the  essential  theoretical 
principles  of  the  different  devices  that  have 
been  used. 

Different  physical-chemical  methods  for 
cleaning  up  residual  gases  in  sealed-off  tubes 
are  discussed  from  a  theoretical  and- experi- 
mental point  of  view  in  Parts  VI,  VII,  VIII. 
and    IX.       This    includes   the   adsorption    of 
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gases   by  charcoal    and    palladium    black    in 
Part  VI;  the  adsorption  of  gases  by  metal 
and  glass  in  Part  VII;   the  clean  up  oi 
by  chemical  reactions  in   Part   VIII,  and  the 
phenomena    of    electrical    clean-up    in    P 
VIII  and  IX.    In  this  latter  section  there  is 
also  a  discussion  of  the  commercial  method 
for  clean-up  of  residual  gases  in  incande 
lamps. 

The  last  two  installments  (if  the  series 
have  been  devoted  to  a  consideration  of 
Langmuir's  theory  of  unimolecular  layer 
and  its  applications.  The  mam  reason  for 
discussing  this  theory,  as  stated  in  Part  X,  is 
that  it  presents  us  with  "a  point  of  vie 
low-pressure  phenomena  which  is  of  extreme 
importance  for  a  thorough  understanding  of 
the  significance  of  observations  in  this  field  " 
From  this  point  of  view  we  find  a  correlation 
between  such  phenomena  as  slip,  temperature 
drop,  and  the  rate  of  attack  of  a  tungsten 
filament  by  oxygen  at  low  pressures. 

Appendix  II  contains  a  summary  of 
formulas  from  the  kinetic  theory  of  gases, 
molecular  data  and  various  constants  which 
have  been  found  useful  by  the  writer  and 
others  in  high  vacuum  experimental  investi- 
gations. The  formulas  given  in  Table  I  have 
all  been  discussed  in  different  sections  of  the 
present  series  and  are  gathered  together  here 
for  convenience  of  reference.  Table  II 
contains  formulas  and  data  which  are  of 
importance  in  dealing  with  electron  emission 
phenomena  in  high  vacua.2-  Tables  III  and 
IV  represent  an  amplification  and  revision  of 
similar  data  published  by  the  writer  in  1!)!."). 
as  an  appendix  to  a  series  of  papers  dealing 
with  the  kinetic  theory  of  gases.23  The 
reader  is  therefore  referred  to  this  publication 
for  a  discussion  of  the  method  of  deriving 
these  constants  and  for  references  to  previous 
literature. 

Table  III  gives  molecular  data  which  are  of 
special  interest  in  high  vacuum  work.  The 
values  have  been  calculated  from  the  equa- 
tions given  in  Table  I  for  a  temperature  of 
25  deg.  C,  as  this  is  the  most  usual  room 
temperature.  In  the  calculation  of  the  mean 
free  path,   the  values  of   t\  used  were  those 

»I.  Langmuir.  Phys.  Rev.  _>.  450  (1913);  Trans.  Am.  Elec- 
.rochem.     Soc.   in,    11'.)   i  L916) 

A.  W.  Hull,  Phys.  Rev.  IS.  31  (1921). 
H.  D.  Arnold,  Phys.  Rev.  16,  70 

"General  Electric  Review,  IS,  952,  nil:',  L1S9    19 

"Phys.  Rev.  /.;.  361  (1919). 

"Jahrbuch  d.  Elektronik,  tr,  93 

MSee  especially  the  "1919  Report  of  Standards  Committee 
on  Pvrometry"  by  W.  E.  Forsythe.  J.  Opt.  Soc.  A-..  (,  305 
(1920). 

«J.  Franklin  Inst.  May,   1920,  p.  603. 


derived  from  the  coefficient 

as   tabulated    in    the   publii 
referred    to.    con 
mean 

for  the  mo 

■  lie  tables 
monati 
mate    '  aim 
diami  t(  r    (dm)    maj    b 

v.    p,    and    the   atomii 

I  P  ■  \       3  ;p  X  6.0(52  X1G23 

\      1  \         ~A~ 

Hence    tin-    number    of    a 
required  to  form  a  layer  I  atoi 


./',. 


SX7.163 


(>) 


Comparing  the  values  given  m  Table  IV 
with  those  published  in  1915,  it  will  be 
observed  that   the  value  of  I'lancl: 

h,  generally  accepted  a1  present  is6.55X  10    ■ 

This  is  probably  accurate  to  about  0.15 
per  '  en1  The  enormou  number  of  investi- 
gations earned  out  in  the  pa  t  lev  eai  on 
the  determination  of  this  constant  have 
been  summarized  by  R  T.  Birge24  and  R. 
LadenbuiL' 

The  former  arrives  at  the  value  /;  = 
6.5543 ±0.0025,  while  Ladenburg  concludes 
that  the  most  probable  value  is  (;..">4  X  10"27 
erg-sec.  The  value  given  in  Table  III  is  the 
approximate  average  of  these.  This  value 
has  been  used  in  calculating  the  radiation 
constants  in  the  Planck  and  W'ii  n  equations 
given  in  the  table.  It  ought  to  be  noted  that 
in  recent  publications  from  the  Nela  Research 
Laboratories  the  value  c2=  1.435  cm.  deg. 
has  been  used.26  This  agrees  with  the  value 
fe  =  6.564.  On  the  other  hand,  the  value 
/i=(i..35  leads  to  the  derived  value  a  =  L.432. 
For  this  reason  both  values  of  c2  have  been 
given  in  the  table,  and  for  the  present  n  is 
recommended  that  in  all  investigations  dealing 
with  optical  pvrometry  the  value  Cs  =  1.435 
be  used. 

The  value  e/m  =  1.769 X  ID7  is  that  given  by 
Ladenburg.  Sommerfeld  in  his  book  on 
"  Atombau  und  Spektrallinien"  (Nov.,  HUH). 
calculates  the  value  1.7686.  In  a  n 
paper27  Langmuir  has  drawn  attention  to  a 
method  of  deriving  h  which  is  independent 
of  Alilhkan's  determination  of  t  n In-  value 
given  in  the  table). 


cm.  sec." 
M 


cm.  sec. 
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APPENDIX   II 

TABLE  I 

FORMULAS  FROM   KINETIC  THEORY  OF  GASES 

(1)  Velocity  of  molecules 

Root-mean-square  velocity,  C  =  »  I.  ——  =  15,800*  | 

VS  /•'  7  /  t* 

lr  =  14,551*1-— 
TC  M  \  M 

Most  probable  velocity,  W=^-j?-  =  12.900*  f^cm.  sec.-' 

(2)  Amount  of  gas  striking  unit  area  per  unit  time 

m  =  (1  /4)  pfl,  where  p  =  density 

=  43.74  X10-6p-J—gm.  cm."5  sec."1  (p  in  bars). 
=  58.32  X10-3  p»  f— gm.  cm.-2  sec.-1  (p  in  mm.  mercury) 
»  =  No.  of  molecules  =  6.062  X  10s3 -^=  2.653  X1019  — ^cra."'  sec.-'  (p  in  barsl 
=  3.535  XlO^-T^T^cm.-2  sec.-1     (p  in  mm.  mercury) 

v  j/r 

in  free  path 

L  =  — ^  =  17.15  X103  — *' —  (p  in  bars;  ?)  =  viscosity  in  c.g.s.  u: 
(>2  P  \  -V 

=  12.S6  — -»  —     (J  in  mm.,  n  in  c.g.s.  units) 
/>  \  M 

(4)    Speed  of  exhaust 

S  =2.303  —  log  h.      (ordinary  logs) 
t  p, 

where  F  =  volume  exhausted  (in  cm3), 
pi  =  initial  pressure. 
pt  =  pressure  at  end  of  period  /  (in  sec). 

te  of  flow  of  gases  through  an  opening  or  tube 
„         Q  9.11SX103     \T      ,       ,    t  ,  ■      v 

F=p^wr — w—\m  <cm-3atlbar> 

where  Pi  — Pi  =  pressure  difference  in  bars. 

and  W  =    'jrr-  for  circular  opening  of  diameter  D  cm. 

2.394  L  .  3.184  ,      .   .       , .       ..    T         ...         n 

=  — =rr i =.-  for  tube  of  length  L,  and  diam.  U. 

Dz  u- 

RATE  OF  FLOW  OF  AIR  AND  HYDROGEN  AT  LOW  PRESSURES  AND  20  DEG.   C. 


L 

D 

w 

F  (Air) 

F  (Hydrogen) 

1  cm. 

1  cm. 

5.58 

5,204 

19,710 

10 

1 

27.12 

1,070 

4,053 

1 

0.1 

2712  4 

10.70 

40.53 

10 

0.1 

24,258 

1.196 

3.60 

[Note. — These  relations  are  valid  for  pressures  so  low  that  the  mean  free  path  is  equal  to  or  greater  than  D.\ 


For  pump  exhausting  through  resistance 

S,~S,.      F 
where  S„  =  observed  speed  of  exhaust. 

Se=  speed  of  pump  through  negligible  resistance. 
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TABLE   II 
LAWS  OF   ELECTRON   CURRENTS  IN   HIGH   VACUA 

(1)    Richardson' s  Equation:  i  =A-/t  e~Vr 

If  i  =  saturation  current  in  amperes  per  cm.-  at  temperature  T,  ti 


Substance 

A 

b 

.•  at  2000°K 

w 

Mo 

C  (untreated) 

Th 

Oxide  coated  Pt. 

!3  6X106 
21.0X10' 

200     X10» 
16     X104 

52,500 
50,000 
48,000 
39,000 

■j(  1,1)1  in 

0.0042 

30.0 
325 

(2)    Space  Charge  Equations  (Langmuir) 

(1)    For    filament   in   axis   of   cylinder   of   radius   r  cm.     Current   per   cm.   length,   i=-   - — ■»  — . —  = 

9      \  m     r 


14.69X10" 


V/*  amps.,  where  l/  =  anode  volts. 


2  33  X 10-6 

(2)    For  parallel  plane  electrodes  separated  by  d  cm.    Current  per  cm.2,  i  =  - — -jj V/'  amps. 

(3)    Effect  of  Magnetic  Field  {Hull) 

For  filamentary  hot  cathode  in  axis  of  cylindrical  anode  of  radius  r 

•  where  H  =  magnetic  field  strength  required  to  decrease  electron  i  urrent  to  zero  with  anode  potential  V. 
For  H  in  gauss,  V  in  volts,  and  r  in  cm. 

/f_6.725\/Tr 
r 

TABLE   III 
MOLECULAR  DATA 


H2 

He 

N2 

02 

A 

Hg 

CO 

C02          H20 

Mass  of  molecule 

Unit=gm.X10-24 

\    3.326 

6.582 

46.23 

52.78 

65.79 

330.9 

46.20 

72.59    29.73 

Mean  velocity  at  25  deg.  C. 
Unit  =  cm.X105  sec.-1 

j    1.922 

1.366 

0.515 

0.482 

0.432 

0.193 

0.515 

0.411 

0.643 

Average  velocity  at  25  deg.  C. 
Unit  =  cm.  X  10s  sec.-' 

|    1.769 

1.257 

0.475 

0.444 

0.398 

0.177 

0.474 

0.379 

0.592 

Mean  free  path  (in~cm.) 
at  25  deg.  C.  and  l.bar 

|  19.2 

29.6 

10.0 

10.7 

10.6 

[3.24]* 

9.92 

6.68 

[6.031* 

Molecular  diameter  (d) 
Unit=cm.X10-8 

]    2.4 

1.91 

3.15 

3.0 

2.9 

3.0 

3.2 

3.3 

2.9 

(l/d)2X10"16 
Number  of  molecules  per  cm.2 

\    1.74 

2.74 

1.01 

1.11 

1.19 

1.11 

0.98 

0.92 

1.19 

Mass  of  gas  striking  1  cm.2  per  sec. 
at  25  deg.  C.  and  1  bar 
Unit=gm.X10-6 

[    3.597 

5.062 

13.42 

14.33 

16.01 

35.89 

13.42 

16.81 

10.76 

Number  of  molecules  striking  1  cm.-' 
per  sec.  at  25  deg.  C.  and  1  bar 
Unit  =  10" 

10.82 

7.693 

2.837 

2.717 

2.433 

0.1085 

2.837 

2.317 

3.620 

Values  in  square  brackets  refer  to  0  deg 
Note:  1  bar  =  0.75X10"3  mm.  mercury. 


C. 
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TABLE   IV 
ATOMIC   AND   ELECTRONIC   CONSTANTS 

Vi  ilume  pei  leal  gas. 

At  it  deg.  C  and  L.01323  <  10«  Lars  (760  mms.  Hg) P  =  22,412  cm.3 

A.1  (i  deg.  C.  and  1  •  Hi"  bars  (750  mms.  Hg)  I      22,708  cm.1 

int PV  T=R  =83.15X10"  erg  deg. 

987  cal  deg. 

Faraday  Constant F=96,500  coulombs. 

Unit  electric  charge  e  =4.774  X  L0~"  c.s.u. 

=  1.591  X10~2°  e.m.u. 

Numbei  oi  moleculi  ;  per  gram  molecular  weigh) F  e  =  N  =  0.062  x  1  ()'-'■' 

Number  oi  molecules  per  i  m 

At  it  deg.  C.  and  1.01323X106  Lars N/V  =  2.7048 X10" 

\t  ii  deg.  C.  and  1  X10"  bars =2.6696X10" 

Boltzmann  gas-constant R/N=k=  L.372X  10~"  erg. /deg. 

o 
Kinetii   energj  of  a  molecule. at  0  deg    C  ==  feX273.1  =5.621  X10-*4  erg. 

Ma      of  hydi n  atom m„=  1.008 /iV  =  1.663  X  10~!4  gm. 

Ratio  of  charge  1 a      of  electron .  e/mo=  1.769  X10'  e.m.u.  gm._l 

of  electron nto  =  8.995X10""  gm. 

Velocity  of  light    c  =2.9986  X1010  cm.  sec."1 

Constant  of  quanl um  theory       h  =6.55 X10-27  erg.  sec. 

Constant  of  Einstein's  photo-electric  equation  -  =1.372  X10-17  (c.g.s.  units) 

Potential  corresponding  to  frequency  v .......  V=hvjt  =4.115 X10~"  v  (volts) 

Potential  corresponding  to  wave  length  X"  (Angstrom  .  ''  =  r~  =  12,340/X  (volts) 

Cons  i  oil    i     ;pecific  heat  equations 0  =hjk  =4.774  X  10~"  sec.  (leg. 

Cl\— 6 
Planck's  Distribution  Law  for  "Black  Body" I\  = 

eXT_1 

Radiation  Constants 

C,  =2  w  c-  h  =3.700  erg.  cm.--    i 
c.,=    ch/k     =  1.432  (1.4350)  cm.  deg. 

ch 

Xwr=  =0.2883  cm.  deg.  (Wien's  displacement  cor 

2  ir  &H4.9651  J5  Th 
1 m  =  ~ — 3  Li-  j'0051 — il —  =  1.305  erg.  cm.-3  sec.-1  deg.  ~5  (maximum  inter 

St i  fan-Boltzmann  law:   Total  energy  radiated  from  surface =   (    I\  d\  =  o(T,  —  Toi) 

12  tX  1.0823  k*     ._„„  _.         _.   ,      _4 

a  = j-jj =  5./22  erg.  cm.  ■  sec.   '  Ueg.   * 

Rydberg's  constant  (Bohr's  theory). 

*o=2  it-  m„  e4  h~3  =3.287X10"  sec."1 
Radius  of  first  Bohr  ring  of  hydrogen  atom. 
e  '  W_ 

IT2 

Chemical  constant,  C  =  C0  +  1.5  log  M 

where  M  =  molecular  weight 

„      .  (2  »•)«/.  ¥h 


BN>hh3X  1.013  X106 
=   —1.5877   (press,  in  atmospheres). 
=       1.2931    (press,  in  mm.  of  mercury). 


The  Randfontein  Central  Pumping  Plant 

By  W.  1)  Galpin 

Engineer,  Sot  m  Ai  ri<  vn  Generai   I'.i  b>  rRi<  Co.,  Ltd. 

This  article  describes  an  underground  pumping  plant  having  a 
against  a  head  of  2600  feet,  which  makes  it   the  largest  or  i  i 
The  installation  was  madi    to  replace  and  centralize  in  o 
individual  pumping  units  scattered  in  small  groups  along  the  length 
thus  secure  the  highest  possible  efficiencj    and  reliabilil  . 
plishes  its  economic  purpose  is  indicated  by  the  iu 

one  year  repays  the  investment  although  this  amounts  to  about  a  half  million  dolli 
is  given  of  the  motors  and  pumps  of  the  new  units,  the  control  switi  I 
to  neutralize  its  acidity  and  reduce  the  amount  oi  dirt  carried  in  I  I  [TOR. 


The  gold  mines  of  the  Randfontein  Central 
Gold  Mining  Co.,  Ltd.,  are  situated  about  28 
miles  west  of  Johannesburg,  South  Africa.  A 
considerable  amount  of  water  accumulates  at 
the  bottom  of  these  mines,  on  account  of  their 
depth,  and  continuous  pumping  is  necessary 
in  order  to  render  the  ore  workable  for  3000 
or  more  feet  below  the  surface.  In  the  past, 
five  of  the  shafts  of  this  Company  each  had  its 
own  pumping  equipment;  and  as  none  of  the 
pumps  used  was  suitable  for  a  lift  of  more  than 
S00  feet,  a  series  of  three  or  four  pumping 
stations  were  required  per  shaft,  each  of  these 
often  containing  as  many  as  five  or  six  pumps, 
making  a  total  of  about  17(1  altogether. 

Recently  it  was  decided  to  eliminate  these 
many  stations  and  to  centralize  all  the  pump- 


ing at  one  poinl   \\  here  a  la 
plant  could  serve  I ' 

The  mine  water  has  an  acidit  j  vat 
0.01   to  0.06  per  cenl  huric 

aeid  I,  due  mainly  to  th< 

rites  in  thi  anil  surrounding 

rock,  and  i    also    ei 

siderable  amount  <>\  mud  and  grit,  different 
analyses  indicating  as  much  as  n  12  to  0  137 
per  cent  of  solids  by  weight,  the  latter  I 
representing  about  1  11)   per  30 

Water  of  this  natun    i  andled  by 

medium-lift  reciprocating  pumps  although  the 
resulting  wear  i  hi  plungers,  valves,  etc.,  is  rather 
severe.  With  large  high-lift  centrifugal 
pumps,  however,  neutralization  of  the  acidity 
and  removal  of  as  much  of  the  sediment  as 


Fie    1       The  New  Centralized  Pumping  Station  of  the  Randfontein  Centra.  Gold  M.n.ng  Co     Ltd. 
"■        Located"  an  Underground  Chamber  Cut  in  Solid  Rock  and  Coasts  of  Four  Pump.ng 
Units  Each  Comprised  of  a  Motor  and  Two  Direct-connected  Pumps  ,n  Ser.es 
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possible  is  considered  absolutely  essential. 
This  procedure  not  only  reduces  the  cost  of 
nunts  to  a  minimum,  but  also  pre- 
vents the  fi  Tination  of  scale  in  the  pipes  which 
is  very  difficult  and  expensive  to  remove,  es- 
pecially from  a  vertical  delivery  column  two 
or  three  thousand  feet  long. 


The  new  central  pumping  station,  as  will 
be  seen  from  Fig.  1,  is  a  large  chamber 
cut  out  of  the  solid  rock  and  containing  four 
units  each  consisting  of: 

One  4-pole,  1750-h.p.  (30  deg.  C),  1500/1475- 
r.p.m.,  3-phase,  50-cycle,  2000  volts  delta,  phase- 
wound    induction   motor,   with   shaft  extended   at 


Fig.  2.     One  of  the  Pumping  Sets,  Showing  the  Motor,  Couplings,  and 
Two  Halves  of  the  Pumping  Unit 


Arrangements  have  now  been  made  so  that 
all  the  water  is  conveyed  to  the  north  ver- 
tical shaft  by  means  of  flumes,  pipes,  tunnels, 
etc.  Here  lime  is  added  to  reduce  the  acidity 
and  prevent  corrosion  of  the  pumps,  neutral- 
ization to  the  methyl-orange  stage  being  con- 
sidered satisfactory  for  practical  purposes. 
The  water  then  passes  through  an  ingenious 
arrangement  of  settling  sumps,  the  result  of 
a  very  thorough  and  systematic  investigation, 
including  numerous  experiments  with  tanks 
of  various  sizes,  etc.,  which  removes  almost 
all  the  suspended  matter.  The  main  channel 
can  be  diverted  into  any  one  or  more  of  six 
large  sumps  where,  after  passing  through 
sieves  to  eliminate  foreign  substances,  such  as 
wood,  pieces  of  candle,  etc.,  the  velocity  of 
the  water  is  greatly  reduced  and  the  impuri- 
ties soon  deposited  in  the  form  of  a  thick 
sludge.  Across  the  end  of  each  sump  oppo- 
site to  that  at  which  the  water  enters  are 
two  sets  of  narrow  parallel  lip  launders  cov- 
ering about  one-quarter  of  the  surface,  These 
skim  off  the  clean  water  and  deliver  it  into  a 
central  flume  which  discharges  into  the  main 
storage  dam,  The  clean  water  thus  obtained 
contains  only  0.007  per  cent  of  solids  by 
weight.  At  intervals  of  about  a  week  to  ten 
days  the  incoming  stream  is  cut  off  from 
each  sump  one  at  a  time,  and  after  the 
clear  surface  water  has  been  drawn  down 
the  accumulated  sludge  is  removed  and  the 
sump  placed  in  service  again.  This  sludge 
does  not  contain  enough  gold  to  render  its 
extraction  payable,  due  to  the  difficulties  of 
satisfactory  treatment  and  the  large  amount 
of  expensive  chemicals  required. 


each  end,  and  direct  connected  by  rubber  bushed 
pin  type  flexible  couplings  to  No.  IV  B.e.d.  5  +  8 
stage  high-lift  centrifugal  pump  capable  of  deliver- 
ing 83,000  gal.  per  hour  against  2600  ft.  head  with 
suction  half  of  5  stages  at  one  end  of  the  motor 
and  pressure  half  of  8  stages  at  the  other. 

The  whole  unit,  consisting  of  motor  and 
two  halves  of  pump  as  shown  in  Fig.  2,  is 
mounted  on  a  common  base  plate  provided 


Fig.  3.     Switchboard  for  Controlling  the  Operation  of  the 
Pumping  Plant  Illustrated  in  Fig.  1 


with  slide  rails  to  facilitate  removing  the 
motor  for  internal  inspection  or  repairs,  and 
weighs 48,000  lb., the  overall  dimensions  being: 
length  25}  <2  ft. ,  width,  blA  ft.,  and  height,  6  ft. 


THE  RANDFONTEIN  CENTRAL  PUMPING   I 


The    switchboard    controlling    these    four 
pumps,  illustrated  in  Fig.  3,  is  comparatively 
simple  and  consists  of  a  sheet-steel  housing 
at   the  termination  of  the  incoming 
lines,  with  panels  on  which  are  mounted 

One  power  totalizing  meter  equipment. 

Four  T.  P.  S.  T.  primary  oil  circuit  breakers  with 
overload  protection. 

Four  motor  secondary  control  equipments  con- 
sisting of  drum  controllers,  with  starting  resistors 
and  short  circuiting  contactors. 

Interlocks  are  provided  so  as  to  prevent  the 
closing  of  any  oil  circuit  breaker  unless  the 
corresponding  controller  is  in  the  "off"  position 
thus  avoiding  the  possibility  of  any  injury  to 
the  equipment  due  to  a  motor  being  thrown 
on  the  line  without  starting  resistance  in  cir- 
cuit. 

All  the  electrical  equipment  was  manufac- 
tured by  the  General  Electric  Co.,  and  the 
pumps  by  Messrs.  Sulzer  Freres,  Winterthur, 
Switzerland.  Figs.  4  and  5  show  the  excellent 
characteristics  of  the  motors  and  pumps  com- 
prising these  units,  the  efficiencies  particu- 
larly being  very  much  superior  to  those  ob- 
tained with  the  smaller  outfits  previously 
used. 

Four  10-inch  steel  suction  pipes  convey  the 
clean  water  from  the  main  storage  dam  to  each 
pump,  where  after  passing  through  the  five 
stages  of  the  suction  half  it  is  transferred  to 


Fig.  4.     Motor  Characteristic  Curves  of  On 
Pumping  Units 

the  other  end  of  the  motor  and  passes  through 
the  eight  stages  of  the  pressure  half  to  the  de- 
livery end  of  the  unit.  The  four  pumps  are 
arranged  so  that  each  of  them  can  be  con- 
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i^of  One  of  the 


8,000,000  gal.  per  day  against  a  head  oi 
ft.,  making  this  one  of  the  largest  if  not  the 
largest  underground   pumping  plant   in 
world. 

At  present  only  two  pumps  are  used  at  a 
time  but  three  will  be  required  when  moi 
the  old  equipment  has  !  aving 

one  as  a  spare.    Space  has  al  ided 

in  the  pump  chamber  for  the  addition  of  a 
fifth  unit  at  some  future  time.  The  north  ver- 
tical shaft  where  these  pumps  are  installed 
is  at  present  being  sunk  to  j  1000 

ft.  and  this  will  subsequent!  ed  to 

5000  ft.,  when  it  is  ex]  idd  a  prac- 

tically duplicate  equiqment  at  the  bott'  i 
the  mine  to  feed  I ;  i  plant. 

The  new  centralized  pumping  station  has 
already  eliminated  the  necessity  for  operat- 
ing 70  of  the  old  pumps,  and  is  shortly  ex- 
pected to  permit  the  removal  of  an  additional 
50.  In  thus  superseding  L20  smal 
the  greatly  reduced  operatii  ainte- 

nancecosts,  together  with  the  increased  overall 
efficiency  obtained,   will  enable  the  present 
plant  to  pay  for  itself  in  one  year,  in  spil 
the  fact  that  it  represents  an  investment  of 
about  one-half  million  dollars. 
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For  everything  you  must  have  a  plan.  Whatever 
is  not  profoundly  considered  in  its  detail  produces 
no  good  results.   I  trust  nothing  to  chance. 

— T^apoleon. 
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ELECTRICAL  PRECIPITATION 


The  conduct  of  many  industrial  processes  is 
necessarily  accompanied  by  the  formation  of 
fumes,  or  dust-laden  gases.  In  the  manufacture  of 
metallurgical  cement,  and  chemical  products,  the 
discharge  of  valuable  by-products  to  the  atmosphere 
frequently  occurs  in  volumes  sufficient  to  lower  the 
efficiency  of  manufacture  materially.  Even  though 
the  material  content  be  of  no  commercial  value,  as 
in  the  case  of  coal  smoke,  the  liberation  of  laden 
gases  in  quantity  may  be  adjudged  a  public  nuisance. 

It  is  interesting  to  note  that  in  many  cases  elec- 
tricity furnishes  the  best  solution  to  the  problem  of 
cheaply  and  efficiently  recovering  finely  divided 
solid  or  liquid  particles  from  the  gas  in  which  they 
are  suspended,  and  also  that  the  phenomenon  of 
electrical  precipitation  was  first  observed  long  before 
stern  economics  and  congested  population  required 
its  application.  In  fact  we  have  records  of  experi- 
ments which  illustrate  its  fundamental  principles 
and  which  were  performed  at  least  eighty  years 
before  Dr.  F.  G.  Cottrell  began  the  work  which  has 
resulted  in  the  present  broad  application  of  the 
process  to  which  his  name  has  been  applied. 

The  first  successful  electrical  precipitator  of 
industrial  magnitude  was  constructed  in  accordance 
with  the  designs  and  patent  specifications  of  Dr. 
Cottrell,  and  was  placed  in  operation  at  the  plant  of 
the  Selby  Smelting  and  Lead  Company,  Vallejo  Junc- 
tion, California,  in  1907.  The  rapid  development  of 
the  process  since  that  time  is  evidenced  by  the 
immense  installation  located  at  the  Anaconda 
smelter  of  the  Anaconda  Copper  Mining  Company, 
having  a  capacity  for  treating  750  times  the  volume 
of  gas  handled  at  the  Selby  plant. 

The  operation  of  the  process  is  based  on  the  fact 
that  charged  electrodes  exert  forces  of  repulsion 
and  attraction  on  surrounding  electrically  charged 
material  particles.  The  application  of  the  phenom- 
enon to  practical  use  is  accomplished  by  passing 
the  gas  which  is  to  be  treated  between  two  electrodes 
which  are  maintained  at  a  high  potential  difference 
by  a  unidirectional  current,  one  of  the  electrodes 
being  of  such  shape  as  to  facilitate  electrical  dis- 
charge and  the  other  to  minimize  it.  The  use  of 
fixed  instead  of  alternating  polarity  maintain 
slant  the  direction  in  which  the  electrostatic  i 
are  applied  to  the  material  particles,  with  the  result 
that  the  particle  intinuously  moved   toward 


one  electrode,  on  which   they  collect .     I  , 

not  be  precipitated   and  collei  ' 

and  the  process  is  therefore  not 

ing  true  gases  as  such;  howev. 

cases    wherein,    by    properly    adjust n 

perature    of    the    mixture,   fractional    precipitation 

may   be   employed   to  separate  gases   which 

different  i  i  upcratures. 

In  i  Ml  process  is  found 

in:     (a)  the  recovery  of  valual 
either  solids  or  liquids,  which  arc  carried  in  : 
sion  in  gases;  (b)  the  cleaning  of  gases  for  disi 
into  the  atmosphere;  and  (c)  the  cleaning  of  gases 
for  use.     In  many  cases  the  process  serves  more 
than  one  of  these  purposes  simultaneously, 
example,  a  large  cement  plant  was  forced  to  install  a 
precipitator  to  clean  its  stack  gases,  in  or 
prevent    the    dust    settling    on    the    surrounding 
agricultural    district;   it    was   soon   found    that 
precipitated   dust   contained   valuable   amounts  of 
potash,  and  the  recovery  of  this  material  provided 
a   very   good    return    on    the    capital   investment. 
Among    the    varied    applications    of    the    Cottrell 
process  may  be  mentioned :    the  recovery  of  vali 
metals  from  smelter  smoke;  the  cleaning  of 
from  cement  kilns;  the  cleaning  of  sulphur  dioxide 
gas   for   use   in   sulphuric   acid    manufacture;    the 
cleaning  of  blast  furnace  gases;  the  pn 
coal  smoke;  the  precipitation  of  acid  mi 
tarring    of    illuminating    gases;    the    collecting    of 
phosphoric  acid;  ailing  of  air. 

As   illustrating    the   important    part    played 
electrical   precipitation  in  industrial  processes  the 
following  data,  given  by  P.   E.  Landolt,  in  Chemical 
and  Metalluri  ■"?,  Vol.  25.  No.  9,  are  of 
interest.     He  states  that   the  total  in 
Cottrell  installations  in  copper  smelters  is  $5,000,- 
000,  over  8,000,000  cubic  feet  of  gas  bi 
per  minute,  with  a  recovery  of  at  least  5,000,000 
pounds  of  copper  per  annum,  yielding  a  net  return 
of  20  per  cent  on  thi 
precipitators  total  S3, 000,000  in  value, 
15,000,000  to  20,000,000  pounds  of  lead  per  annum. 
In  tin  smelting  plants  the  investment  in  precipita- 
tion is  nearly   $400,1 with  a  saving  of  at 

2,000,000  pounds  of  tin  yearly.     In  silvi 
while   the  investment  in   prccip- 
000,  the  total  recovery  of  sih 
500,000  ounces  per  annum,  in  addition   to   which 

rable  gold  is  saved. 
A  complete  description  of  the  theory  and  equip- 
ment of  the  Cottrell  process  of  electrical  precipita- 
tion appears  on  page  910  of  this  issue  of  the  Ki.vn  w. 
Subsequent  issues  will  contain  articles  treating  of 
various  and   install- 
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The  Cottrell  Process  of  Electrical  Precipitation 

By  H.  A.  WlNNE 
Power  and  Minim,  Engineering  Department,  General  Electric  Company 

The  Cottrell  process  whereby  fume  and  dust  particles  can  be  electrically  precipitated  from  the  gases  in 
which  they  are  suspended  is  coming  into  extensive  use  for  recovering  the  material  particles,  for  cleaning  the 
gases,  or  for  both  purposes.  In  the  following  article  the  theory  of  the  process  is  carefully  explained,  and  then 
a  comprehensive  description  is  given  of  the  construction  and  operation  of  the  types  of  precipitator  that  have 
■  ind  to  be  most  successful.  Information  is  then  furnished  as  to  the  amount  and  character  of  the 
electrical  power  required,  the  necessary  electrical  equipment,  and  the  field  for  application  of  the  Cottrell 
process.  Our  December  issue  will  contain  an  article  on  the  Cottrell  precipitator  at  the  plant  of  the  Duquesne 
Reduction  Company.  —Editor. 


History 

that  fume  and  dust  can  be  precip- 
rostatically  lias  been  known  since 
1824,  and  various  investigators  have  experi- 
d  with  this  method  of  cleaning  gases. 
However,  it  remained  for  Dr.  Fredri 
Cottrell.  while  a  professor  in  the  University 
of  California,  in  1906,  to  realize  the  com- 
mercial possibilities  of  the  application  of 
this  process  and  to  work  out  the  technical 
details. 

Because  of  Dr.  Cottrell's  pioneer  work  on 
the  subject,  the  precipitation  of  fume  and 
dust  by  electricity  is  universally  known  as 
the  Cottrell  Process.  Dr.  Cottrell's  first 
laboratory  work  on  the  process  was  in  con- 
nection with  the  precipitation  of  sulphuric 
acid  mist,  and  the  first  commercial  installation 
was  for  the  purpose  of  recovering  the  mist 
escaping  from  kettles  of  boiling  sulphuric 
acid,  used  in  parting  dore  bullion,  at  the  plant 
of  the  Selby  Smelting  and  Lead  Company. 
Vallejo  Junction,  California.  This  first  plant 
was  put  in  operation  in  1907,  and  it  is  a  high 
tribute  to  the  ability  of  Dr.  Cottrell  and  his 
associates  that  the  original  plant  is  still  in 
successful  operation.  It  is  a  far  cry  from  the 
Selby  precipitator,  with  an  electrical  installa- 
tion of  o-kv-a.  capacity  treating  possibly  41 H II  > 
cubic  feet  of  gas  per  minute,  to  the  immense 
Anaconda  plant,  with  its  sixteen  75-kv-a. 
electrical  sets  and  its  treaters  capable  of 
handling  2,000,000  to  3,000,000  cubic  feet  of 
gas  per  minute,  but  Dr.  Cottrell's  ideas  and 
inventions*  made  both  possible. 

Theory  of  the  Cottrell  Process 

In  brief,  the  process  of  electrostaticallv 
precipitating  fume  and  dust,  or  the  Cottrell 

*  The  Cottrell  process  is  fully  covered  by  patents,  and  licenses 
must  be  obtained  for  its  use.  The  Research  Corpora^: 
York  City,  controls  the  application  of  the  process  to  al!  in 
but  cement  mills  and  in  all  states  of  the  United  States  except 
Arizona,  California.  Idaho,  Nevada,  Oregon,  and  Washington. 
The  Western  Precipitation  Co..  Los  Angeles.  Cat.  and  Phila- 
delphia, Pa.,  has  rights  to  all  applications  in  these  six  states,  and 
to  cement  mills  throughout  the  United  States.  In  most  foreign 
countries  the  patents  are  controlled  by  the  International  Precipi- 
tation Co.,  Los  Angeles,  Cat.  or  their  agents. 

t  The  quoted  paragraphs  of  this  subdivision  of  the  article  are 
copyrighted  by  Lefax.  The  Standard  Corporation.  C21.30, 
Lefax  30  by  Research  Corporation. 


process,  consists  of  simply  passing  the  fume 
or  dust-laden  gas  between  two  suitably 
shaped  electrodes  which  are  charged  with  a 
high,  unidirectional  potential  difference.  One 
of  the  electrodes  is  so  shaped  as  to  facilitate 
electrical  discharge,  and  the  other  to  mini- 
mize it.  As  a  result  of  the  discharge  between 
the  two  electrodes,  the  gas  is  ionized  and  the 
material  particles,  or  dust,  receive  charges 
of  the  same  polarity  as  the  "discharge  elec- 
trode." They  are  consequently  driven  away 
from  the  discharge  electrode  and  attracted  to 
the  surface  of  the  "collecting  electrode,"  on 
which  they  lodge  and  from  which  they  can 
be  removed  at  intervals  by  rapping  the  elec- 
trodes. When  dislodged  they  fall  into  hoppers 
beneath  the  precipitator. 

A  more  detailed  description  of  the  theory 
of  the  process  follows  :f 

"The  precipitation,  or  removal  of  sus- 
pended particles  from  gases  by  electrical 
means,  is  accomplished  through  the  use  of  a 
strong  electric  or  so-called  'static'  field.  An 
electrically  charged  particle  when  in  an  elec- 
tric field  between  two  electrodes  tends  to 
move  towards  the  negative  electrode,  if  the 
charge  is  positive,  and  towards  the  positive 
electrode,  if  negative. 

"The  suspended  particles  receive  electric 
charges  in  two  ways:  First,  if  the  particles 
are  suspended  in  gases  which  are  'ionized,' 
they  receive  charges  from  the  gases  directly. 
Second,  if  the  gases  pass  through  an  electric 
field  they  receive  charges  by  'induction.' 

"A  gas  may  be  ionized  by  intense  heat, 
cathode  or  Roentgen  rays,  radium  emana- 
tions, and  by  other  means.  In  electrical 
precipitation  advantage  is  taken  of  the  fact 
that  a  strong  electric  field  will  cause  ioniza- 
tion of  a  gas.  and  the  familiar  corona  discharge 
is  evidence  that  this  ionization  is  taking  place. 
Gas  molecules  are  normally  balanced  elec- 
trically, being  made  up  of  a  nucleus  having  a 
positive  charge  and  a  number  of  electrons 
having  negative  charges  which  total  and 
balance  the  positive  charge  of  the  nucleus. 
Ionization  is  the  phenomenon  of  separating 
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electrons  from  the  positive  nuclei.     The  gas 
molecules  or  what  remains  of  them  are  now 
charged   positively   and   arc   called 
'ions';   the   negative   electrons   may    p 
free  or  they  may  become  attached  to  neutral 
molecules  and  so  make  up  negative  ions. 

"The  ions  and  electrons  become  ai 
to  the  suspended  particles  and  the  resulting 
agglomerates  move  across  the  electric  field 
because  of  the  force  exerted  upon  the  balanced 
electric  charges  they  carry. 

".Suspended  particles  in  an  electric  field 
receive  charges  by  induction  similarly  to  the 
way  in  which  a -glass  rod  rubbed  with  silk- 
induces  charges  upon  a  pitch  ball  in  the 
familiar  classroom  experiment.  The  par- 
ticles having  the  induced  charges  upon  them 
move  towards  one  or  the  other  of  the  elec- 
trodes, depending  upon  the  sign  of  the  charge 
and  the  position  of  the  particles  with  respect 
to  the  electrodes.  It  is  possible,  however, 
that  precipitation  is  more  largely  due  to 
ionization  of  the  gases  than  to  induction. 

"If,  in  apparatus  for  the  electrical  precipi- 
tation of  suspended  particles,  one  of  the  elec- 
trodes is  filamentary  or  has  sharp  points  or 
edges,  and  the  other  electrode  has  a  smooth 
and  extending  surface,  it  is  possible  by 
impressing  a  high  voltage  across  the  electrodes 
to  obtain  ionization  of  the  gases  and  cause 
any  liquid  or  solid  particles  suspended  therein 
to  be  precipitated  upon  the  electrode  with  the 
smooth  surface. 

"An  example  of  such  apparatus  is  a  smooth 
pipe  having  a  fine  wire  held  axially  in,  but 
insulated  from,  the  pipe.  The  pipe  is  con- 
nected electrically  to  ground  and  the  wire  is 
connected  to  a  source  of  high-tension  cur- 
rent. The  gases  to  be  treated  pass  through 
the  pipe  and  as  they  pass  between  the  dis- 
charge and  collecting  electrodes  they  act  as 
part  of  the  electric  circuit,  the  ions  made  in 
the  gases  acting  as  carriers  of  electricity  from 
one  electrode  to  the  other. 

"For  electrical  precipitation  work,  dired 
current  is  found  to  give  much  better  results 
than  alternating  current,  and  the  best  results 
are  secured  when  the  ionizing  or  so-called 
discharge  electrode  is  of  negative  polarity. 
It  is  possible,  by  making  the  electric  field 
around  the  ionizing  electrode  very  info 
to  keep  particles  from  being  deposited  upon 
it,  and  practically  all  the  suspended  material 
is  deposited  upon  the  smooth  or  collecting 
electrode  which  has  an  extended  surface,  the 
adjacent  electric  field  being  relatively  s 

"This    characteristic    of    the    particle 
migrate  towards  the  weakest  part  of  Up 


ctricwind.' 

cules  of  the  gases  which  ha\  i 

lie  suspended  particles  to  whi 
charges  are  attacl 
through  the  gases  by  the  for 
field.    The  mow: 

molecules  has  an  aspirating  effect  upon  adja- 
cent gas  molecules,  set  I  ,tion — 
the  direction  being  from  the  strongest  to  the 
est  part  of  the  field.     Charges  of  both 
positive  and  negative  sign  a  I 
gases  and  they  tend  ;>osite 
ions,   but   those   which   tend   to   move 
counter-current  to  the  electric  wind  ha 
overcome    considerable    resistance    and 
probably  swept  back  or  neutralized,  especially 
if  these  charges  are  endeavoring  to  take  with 
them  suspended  particles.     By  making  the 
central    electrode    of   negative    polarity    the 
movement  of  the  gases  is  set  up  by  electrons 
and  negative  ions  which  havea  hij ' 
than  positive  ions,  and  the  results  described 
above  are   then    the  most    |                  I    and 
most  satisfad 

Plate  Type  of  Precipitator 

In  practice,  the  precipitator,  or  "t: 
may  assume  any  one  of  several  forms.  The 
original  Selby  treater  consisted  of  a 
lined  flue,  four  feet  by  four  feet  in  section; 
the  collecting  electrodes  were  lead  strips, 
four  inches  wide  and  four  feet  long,  spaced 
about  four  inches  from  each  ween 

each  pair  of  collecting  electrodes  was  a  dis- 
charge electrode,  consisting  of  a  lead-c<>- 
iron  pipe.    As  a  comparatively  low  potential 
(17,000  volts)  was  used,  it  |  i  ssary 

to  provide  a  large  number  of  sharp  points  on 
each  discharge  electrode  in  order  to  obtain 
sufficient  corona  discharge.  It  was  dis- 
covered that  either  -asbestos  cord  or  small 
pieces  of  mica,  fastened  to  the  electrode, 
served  the  purpose.  These  materials  were 
made  sufficiently  conductive  by  the  moisture 
present  in  the  gases,  and  the  sharp  points  of 
the  mica,  and  fiber  ends  on  the  cord,  made 
excellent  discharge  points. 

The  "plate"  or  "box"  type  of  treater  is 

usuallv  a  rectangular  box  or  section  of  flue, 

in  which  the  electrodes  are  placed.    Thi 

lecting  electrodes  are  ordinarily  iron  or  steel 

plates,  corrugated  to  give  them  stiffness  suffi- 

to  maintain  the  desired  spacing  accu- 

This  spai  con- 

individual  plant,  such 

ure  of  the  ime,  and  is 

usuallv  froi 
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of  course  electrically  grounded.  The  dis- 
charge electrodes  may  be  wires  or  chains  sus- 
pended-from  an  insulati  ork  so  that 
they  hang  midway  between  the  pairs  of  plates. 
The  spacing  between  adjacent  discharge  elec- 
trodes in  the  same  row  is  ordinarily  about  one 
half  or  one  third  of  the  distance  between  adja- 
cent plates.  The  chains  or  wires  arc  kept 
taut  by  weights  suspended  on  their  lower 
-Men  a  pipe  or  channel-in  >n  framework 


e  would  have  to  be  lowered  very 
materially  until  the  swinging  stopped.  This 
of  course  reduced  the  efficiency  of  precipita- 
The  only  explanation  that  occurs  for 
this  phenomenon  is  that  since  the  arc-over 
usually  took  place  some  distance  below  the 
top  of  the  discharge  electrode,  there  was  a 
repulsive  force  exerted  between  the  arc  cur- 
rent in  the  discharge  electrode  and  that  in 
the  plate.     While  this  force  undoubtedly  was 


CURRENT  OFF 
Figs.  1  and  2.     Comparison  Showing  the  Effectiveness  of  i 

is  also  suspended  on  the  discharge  electrodes, 
the  wires  or  chains  passing  through  small 
holes  in  it.  Such  an  arrangement  helps  to 
limit  the  swaying  of  the  individual  electrodes, 
and  if  it  is  guyed  to  the  wali  of  the  tiv 
through  suitable  insulators,  acts  as  an  effi- 
cient preventive  of  this  swinging,  which  may 
otherwise  interfere  with  the  operation  of  the 
treater. 

The  writer  has  seen  instances  in  the  opera- 
tion of  a  treater,  in  which  the  framework  at 
the  bottom  of  the  discharge  electrodes  was 
not  stayed,  when  arcing  between  the  discharge 
and  collecting  electrodes  would  start  the  dis- 
charge electrodes  swinging,  and  gradually 
increase  the  amplitude  to  such  a  '1 


CURRENT  ON 
an  Electrical  Percipitator  in  Eliminating  Coal  Smoke 

very  small,  as  the  arc  current  was  usually 
less  than  one  ampere,  it  was  apparently 
sufficient  to  give  the  system  of  discharge 
electrodes  a  slight  motion  away  from  the 
plate  to  which  the  arc  took  place.  Then  on 
the  return  swing  another  arc  would  occur, 
giving  the  system  another  push,  and  so  the 
action  was  rapidly  cumulative. 

In  some  plate  treaters  the  gas  enters  at 
one  of  the  sides  to  which  the  plates  are  per- 
pendicular, and  leaves  at  the  other.  Again, 
it  may  enter  beneath  the  plates  and  leave 
above  them.  In  any  case  the  gas  flow  is 
parallel  with  the  surfaces  of  the  plates. 
iers  are  usually  provided  in  both  inlet 
and  outlet,  so  that  the  distributioi 
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through  the  treater  can  be  controlled,  within 
limits,  or  the  gas  flow  stopped. 

The  International  Smelting  Compai 
Tooele,  Utah,  is  using  a  plate  treater  • 
is  novel  in  that  it  is  built  simply  as  a  section 
of  the  flue.     The  gas  passes  through  four 
treater  sections  i  :ach  section 

about  10  feet  long.  This  gives  an  effective 
length  of  40  feet,  so  that  a  fairly  high  gas 
velocity  (15  to  20  feet  per  second)  can  be 
used.    The  plates  are  of  th<  corru- 

gated type,  but  the  discharge  electrodes  are 
34-in.  iron  pipes,  placed  horizontally  and  sup- 
ported between  treater  sections  by  grids  of 
lK-in.  pipe  which  rest  on  suitable  insulators. 
The  horizontal  arrangement  of  discharge 
electrodes  eliminates  the  necessity  for  large 
spaces  above  and  below  the  plates,  in  which 
to  place  the  electrode  supports. 

The  plate  type  of  treater  is  one  of  the  most 
economical  in  first  cost,  but  it  is  somewhat 
difficult  to  secure  and  maintain  uniform  spac- 
ing between  the  plates  and  wires,  as  the  plates 
naturally  tend  to  warp  out  of  shape  as  their 
temperature  changes  with  varying  gas  con- 
ditions. Obviously,  the  arc-over  voltage  is 
determined  by  the  minimum  distance  between 
electrodes  at  any  point  in  the  treater,  so  that 
any  deviation  from  a  uniform  spacing  will 
lower  the  maximum  operating  voltage  and 
consequently  the  efficiency  of  precipitation. 

Pipe  Type  of  Precipitator 

Another  widely  used  type  is  the  pipe  or 
tube  precipitator.  In  this  the  collecting  elec- 
trodes are  pipes,  usually  of  steel,  from  6  to  18 
inches  in  diameter  and  from  10  to  20  feet  in 
length.  They  are  mounted  vertically,  a 
group  of  pipes  forming  each  treater  unit. 
Wire  discharge  electrodes  are  suspended  from 
an  insulated  framework,  so  that  one  hangs 
along  the  axis  of  each  tube.  The  same 
arrangement  for  staying  the  bottom  ends  of 
the  wires  is  adopted  as  in  the  plate  treaters. 
In  a  treater  of  this  type  care  must  be  exercised 
in  the  manufacture  and  erection  of  the  pipes 
to  prevent  any  unevenness  or  bending  which 
might  affect  the  uniformity  of  the  spacing 
between  wires  and  pipes.  An  experimental 
pipe  form  of  precipitator  is  shown  in  Figs. 
1  and  2,  and  a  commercial  installation  of  a 
similar  type  of  precipitator  in  Fig.  3. 

Collection  Electrodes 

Precipitator  collection  electrodes  are  usually 
of  steel.  However,  other  materials  are  used, 
such  as  lead,  if  the  gases  contain  corrosive 
agents.     Even  tile  or  masonry  may  be  used 
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Discharge  Electrodes 
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m    diameter.      Small    steel    chains    are 
employed.      In    Dr.    Cottrell's    early    work 
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Dust  Precipitator.  Alpha  Portland  Cement  Co., 
Cementon,  N.  Y. 
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Insulation  of  Discharge  Electrodes 

In  all  types  of  treaters,  the  insulation  of  the 
framework  which  supports  the  discharge 
electrodes  is  somewhat  of  a  problem.  This 
is  especially  the  case  when  the  gases  are  at  a 
high  temperature,  or  contain  moisture  or 
corrosive  agents.  It  is  general  practice  to 
extend  the  end  members  of  the  framework, 
through  openings  in  the  precipitator  walls, 
into  small  chambers  in  which  the  supporting 
insulators  are  placed.  These  housings  are 
fitted  with  doors  so  that  the  insulators  are 
readily  accessible  for  cleaning  or  repairs. 
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This   arra  ilator 

from  the  path  ol  the  main  gas  stream,  bul 
sometimes  cau  es  trouble  due  to  the  Eact  thai 
tlif  temperature  of  the  insulator  is  usually 
less  than  that  of  the  gas  in  the  treater,  and 
consequently  moisture  may  condense  on  it. 
However,  if  the  system  operates  under  draft 
from  a  stack,  or  from  a  fan  beyond  the  treater, . 
the  gas  pressure  inside  the  treater  and  insula- 
tor housing  will  be  less  than  that  of  the 
atmosphere,  so  that  provision  in  the  housing 
of  a  small  opening  to  the  air  will  cause  a 
stream  of  air  to  flow  through  the  housing  into 
the  treater,  thus  helping  to  prevent  the 
deposition  of  dust  and  moisture  on  the 
insulators. 

The  insulators  employed  are  of  various 
types,  one  being  a  porcelain  post  with  the 
usual  corrugated  surface.  In  some  installa- 
tions each  insulator  is  composed  of  a  pile  of 
slabs  of  Catalina  marble.  Slabs  of  two 
different  sizes  are  placed  alternately  in  the 
pile  to  increase  the  creepage  surface  along  the 
insulator.  In  one  plant  slabs  of  ordinary 
fire  clay  were  used  with  some  success.  The 
type  of  insulator  that  will  give  the  most 
satisfactory  service  will  depend  on  the  nature 
and  temperature  of  the  gas,  and  other  con- 
ditions. 

Removal  of  Collected  Dust 

The  methods  adopted  to  remove  the  col- 
lected dust  from  the  electrodes  vary,  the 
general  scheme  being  to  rap  the  pipes  or  plates 
with  a  series  of  hammers  which  may  all  be 
actuated  from  a  common  lever  or  by  a  motor. 
As  a  certain  amount  of  dust  collects  on  the 
wires  or  chains,  some  arrangement  is  required 
for  rapping  or  vibrating  the  insulated  frame- 
work from  which  these  electrodes  are  sus- 
pended. While  the  treater  is  being  rapped  its 
dampers  are  closed  to  shut  off  the  gas  flow 
through  it,  and  it  is  disconnected  from  the 
power  supply.  Obviously,  if  the  gas  flow  were 
not  stopped,  a  large  proportion  of  the  dis- 
lodged dust  would  be  carried  in  the  gas  stream 
through  the  treater  and  out  the  stack.  Hop- 
pers are  located  beneath  the  electrodes  at  a 
distance  sufficient  to  prevent  the  dust  in 
them  from  being  disturbed  by  the  gas  stream. 
The  dust  falls  into  these  hoppers  from 
which  it  may  be  removed  at  suitable 
intervals.  In  some  instances  conveyors  are 
used  to  remove  the  dust  from  the  hoppers 
continuously. 

The  length  of  time  between  rappings  de- 
pends upon  the  operating  conditions,  and 
usually  varies  from  two  to  ten  hours.     A  clean 


precipitator  will  usually  give  more  ell. 
precipitation  than  a  dirty  one.    As  the  dust 

collects  on  the  di  i  trades,  the  effec- 

liameter  of  these  electrodes  increases 
thereby  decreasing  the  amount  of  corona 
discharge,  which  is  so  necessary  to  effective 
operation. 

Installation  Features  of  Precipitator 

The  treater  proper  is  usually  installed  some 
distance  above  the  ground  in  order  to  allow 
room  for  the  dust  hoppers  and  flues  beneath 
it.  In  pipe  treaters  the  gas  may  be  led  in 
either  at  the  bottom  or  top  of  the  pipes.  As  a 
general  rule,  more  uniform  gas  distribution 
among  the  various  pipes  of  a  unit  will  be 
obtained  if  the  gas  is  led  in  at  the  top  and 
down  through  the  tubes.  This  is  especially 
true  with  hot  gases,  as  the  inner  pipes  in  a 
bank  will  naturally  lose  less  heat  by  radiation 
than  the  outer  and  consequently  the  up-draft 
in  the  inner  tubes  will  be  stronger.  As  a 
result,  if  the  normal  gas  flow  is  upward,  the 
gas  velocity  in  the  inner  pipes  will  be  greater 
than  in  the  outer.  Occasionally,  in  order  to 
correct  such  conditions,  the  whole  precipitator 
is  enclosed  in  a  housing  of  brick  or  other 
material. 

In  any  precipitator  installation  means 
must  be  provided  for  by-passing  the  gas 
around  any  treater  unit  while  that  unit  is 
being  cleaned  or  repaired.  This  requires 
dampers  in  the  flue  at  the  inlet  and  outlet 
of  each  unit,  and,  if  the  plant  consists  of  only 
a  single  unit,  a  by-pass  flue.  If  there  are  two 
or  more  units  the  dampers  on  one  can  be 
closed,  forcing  all  the  gas  through  the  others 
while  the  first  one  is  being  cleaned.  The 
cleaning  operation  requires  only  a  few 
minutes  so  that  such  action  will  not  cause  any 
great  loss  of  dust. 

Size  of  Precipitator 

The  size  of  a  given  precipitator  installation 
is  of  course  determined  by  the  volume  of  gas 
to  be  treated.  The  gas  velocity  in  the  treater 
itself  usually  does  not  exceed  ten  feet  per 
second  and  often  is  only  five  to  seven  feet. 
If  higher  gas  velocities  are  used,  the  efficiency 
of  the  precipitator  is  decreased  unless  the 
path  of  the  gas  through  the  precipitator  is 
lengthened  or  the  spacing  between  electrodes 
decreased.  The  reason  for  this  is  evident, 
when  it  is  considered  that  even-  material 
particle  in  the  gas  stream  through  the  treater 
has  two  forces  acting  on  it :  one  in  a  direction 
parallel  to  the  electrodes,  due  to  the  velocity 
of  the  gas;  and  one  perpendicular  to  the  elec- 
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trades,  due  to  the  electrostatic  field.  The 
motion  of  the  particle  will  be  due  to  the  result- 
ant of  these  forces.  Now  if  the  velocity  of 
the  gas  is  too  high,  a  particle  entering  the 
precipitator  near  the  discharge  electrodi 
take  a  path  which  gradually  approaches  the 
collecting  electrode,  but  will  not  reach  it 
before  it  is  carried  beyond  the  treater.  Con- 
sequently it  is  of  extreme  important. 
only  that  the  average  gas  velocity  in  the 
precipitator  be  kept  at  a  low  value,  but  also 
that  the  velocity,  or  gas  distributiun,  in  all 
parts  of  the  treater  be  uniform. 

Subdivision  of  Precipitator   Installation 

Almost  all  precipitator  installations  are 
divided  into  several  units  or  treaters,  usually 
with  individual  electrical  equipment.  Tha't 
is,  if  a  given  plant  requires  a  total  of  400 
tubes  or  pipes  to  handle  the  gas,  the  installa- 
tion may  consist  of  four  treaters  of  100  pipes 
each,  a  portion  of  the  gas  passing  through 
each  treater. 

There  are  several  reasons  for  this  practice. 
Probably  the  most  important  one  is  that  the 
gas  flow  through  a  treater  must  be  stopped 
while  the  electrodes  are  being  cleaned. 
Obviously,  the  larger  the  number  of  treaters 
the  smaller  will  be  the  decrease  in  efficiency, 
due  to  overloading,  when  one  treater  is  closed 
for  cleaning  or  repairs.  Furthermore,  in  a 
very  large  treater  it  would  be  difficult  to  get 
uniform  gas  distribution,  unless  it  were 
divided  into  sections  each  equipped  with 
dampers.  This  would  amount  to  the  same 
thing  as  a  number  of  treater  units. 

A  third  reason  lies  in  the  fact  that,  for  a 
given  treater,  better  precipitation  is  obtained 
as  the  operating  voltage  is  increased,  since 
of  course  the  electrostatic  field  is  stronger. 
As  a  consequence,  it  is  desirable  to  operate  at 
a  voltage  just  below  that  which  will  cause 
arcing  in  the  treater.  Now  the  arc-over 
voltage  will  be  determined  by  the  minimum 
spacing  between  electrodes  at  any  point. 
Consequently,  if  any  one  plate,  tube,  or  wire 
is  bent  or  distorted  so  that  the  spacing  is 
reduced  below  the  normal  value,  the  operating 
voltage  on  the  entire  treater  must  be  reduced. 
If  this  defective  treater  constitutes  a  large 
portion  of  the  entire  plant,  the  overall  effi- 
ciency of  the  plant  will  be  reduced  more  than 
if  it  is  only  a  small  section.  This  feature  also 
constitutes  an  argument  against  operating 
two  or  more  treaters  electrically  in  multiple 
on  one  electrical  equipment,  for  if  one  treater 
is  defective  the  voltage  on  both  must  be 
lowered. 


Type  of  Current  and  Values  of  Voltage  Employed 
in  Precipitator 

All  i 
unidirectional  current.    If  all 
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gas  stream,  thus  causing  a  certain  amount  of 
cleaning.  It  has  been  found  that  better 
operation  is  obtained  with  negative  corona 
than  with  po  I  is,  when  thi 

electrode  is  made  negative  and  the  collecting 
•unded  electrode  posit r  nega- 

tive corona  a  higher  voltage  can  be  carried 
without  arcing    than  with  positive,  and  the 
operation  is  in  general  smoother  and  more 
efficie 
The  rom  25,000 

o  100, Somi  ■  ndency  was 

toward  very  high  voltages,  and  it  was  pre- 
dicted that  250,000  volts  would  be  used. 
However,  with  such  high  voltages  the  insula- 
tion difficulties  increase  tremendously,  with 
no  commensurate  gain,  so  that  at  present  the 
majority  of  plants  operate  at  from  50,000  to 
.  •"), ii(ii)  volts,  and  few  installations  are  now 
being  made  to  operate  at  higher  vol  I 

Power  Required 

The  amount  of  power  required  by  a  precipi- 
tator varies  with  the  composition  and  tem- 
perature of  the  gas,  and  with  other  con- 
ditions, so  it  is  impossible  to  give  a  value 
which  will  be  accurate  for  all  cases.  An 
average  figure  is  perhaps  2  kw.  input  for 
10,000  cubic  feet  of  gas  treated  per  minute, 
although  in  some  plants  the  power  require- 
ments are  much  lower.  Since  each  treater 
unit  is  rif  comparatively  small  size  and  each 
usually  has  an  individual  electrical  unit,  the 
electrical  sets  themselves  are  of  relatively 
small  capacity.  There  are  very  few  plants 
which  have  electrical  units  of  more  thai 
kv-a.  each.  The  largest  in  operation  are  75 
kv-a.  each,  and  by  far  the  majority  are  of 
10  or  15  kv-a.  capacity. 

Means  of  Securing  Suitable  Energy  for  Precipitator 
In  all  cases,  the  high  unidirectional  voltage 
is  obta  tepping  up  a  single-phase, 

alternating.  rough   a   special 

transformer,  and  rectifying  it  by  means  of  a 
icuum-tube  rectifier.     Two 
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general  systems  arc  in  use  for  obtaining  the 
single-phase  low-voltage  power.  One  in- 
volves a  small  motor-driven  generator,  usually 

used 


A  Portion   of  the    Electrical   Equipment   for 
Precipitator   Installation 


Large   Cement   D 


with  each  transformer  as  shown  in  Fig.  4. 
This  arrangement  affords  a  ready  means  of 
adjusting  the  treater  voltage- for  varying  gas 
conditions,  by  merely  changing  the  generator 
field  excitation,  and  the  mechanical  rectifier 
can  be  directly  coupled  to  the  shaft  of 
the  motor-generator  set.  In  the  second 
system  power  is  taken  directly  from  one 
phase  of  an  available  low-voltage  circuit, 
the  treater  voltage  adjustment  being 
obtained  by  means  of  taps  on  the  trans- 
former low-voltage  winding  together 
with  an  induction  regulator  or  a  regu- 
lating rheostat  in  the  low-voltage  circuit 
to  obtain  close  adjustment.  For  small 
installations  the  rheostat  is  satisfactory, 
but  for  large  units  the  power  losses  in 
such  a  resistance  are  considerable  and 
the  use  of  the  induction  regulator  is  ad- 
visable. With  the  second  arrangement 
a  small  synchronous  motor  is  required 
for  driving  the  mechanical  rectifier. 

When  there  is  available  a  low-voltage 
alternating-current  supply  circuit,  satis- 
factory operation  can  be  obtained  with- 
out the  use  of  a  motor-generator  set 
provided  the  voltage  of  the  circuit  is 
reasonably  constant.  Obviously,  if  the 
supply  voltage  varies  greatly  it  will  be 
impossible  to  hold  the  treater  voltage 
at  the  value  necessary  for  most  efficient 
precipitation.       Under    such    conditions,    or 


when  only  direct  current  is  obtainable,  the 
motor-driven  generator  must  be  used.    Xat- 
urally.  the  first  cost  of  the  electrical  equip- 
reater   when    the   motor-generator 
is  employed.     However,  since  the 
investment  in  electrical  apparatus  is 
rarely  more  than  ten  per  cent  of  the 
total  cost  of  a  precipitator  installa- 
tion, the   difference    in  total   invest- 
ment ,  whether  a  motor-generator  is  or 
is  not  included,  is  hardly  appreciable. 

Motor-generator 

The  motor-generator  set  is  illus- 
trated in  Fig.  5,  and  consists  ordi- 
narily of  a  single-phase  four-pole 
220-volt  60-cycle  generator,  driven  by 
either  an  alternating-current  or  direct- 
current  motor,  depending  on  the  avail- 
able power  supply.  The  generator  is 
often  so  designed  that  its  armature 
voltage  may  be  varied  front  110 
by  adjusting  the  field  rheostat.  This 
gives  very  flexible  control  of  the 
treater  voltage.  It  is  always  a  four- 
pole  machine,  for  as  will  be  evident 
from  an  inspection  of  the  illustration 
of  the  mechanical  rectifier,  Fig.  9,  and  of  the 
diagram  of  connections  of  a  mechanical  recti- 
fier equipment,  Fig.  10,  the  rectifier  must 
rotate  at  a  speed  corresponding  to  that  of  a 
four-pole  machine.  A  shaft  extension  is  pro- 
vided for  coupling  to  the  mechanical  rectifier. 


Fig.  5.     Motor-Generator 


Set  for  Obtaining  High-voltage    Unidirectional 
Precipitation  Current 


If  no  direct  current  is  available  for  excita- 
tion of  the  generator  field,  an  exciter  set  must 
be  included  in  the  installation. 
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Synchronous  Motor 

In  case  the  motor-generato  i  mitted 

and  power  is  taken  direct  from  an  alternating- 
current  supply  circuit,  if  a  mechanical  rectifii  c 
is  used  a  small  synchronous  motor,  Fig  6 
must  be  employed  to  drive  it.  For  this  pur- 
pose, motors  requiring  no  direct-current  field 
excitation  have  been  developed.  I 
motors  are  really  squirrel-cage  type  induction 
motors  having  rotors  especially  slotted  to 
form  salient  poles.  Such  a  motor  starts 
induction  motor,  but  operates  at  synchroni  u 
speed  provided  it  is  not  loaded  too  heavily. 
The  power-factor  is  of  course  low,  approxi- 
mately 30  to  50  per  cent.  As  one  horse  powei 
or  less  is  sufficient  to  drive  the  rectifier,  these 
motors  are  highly  satisfactory  for  the  purpose. 
They  are  built  to  operate  on  either  single- 
phase  or  polyphase  power  at  any  standard 
low  voltage  and  frequency. 

Transformer  and  Its  Protection 

The  transformer  is  the  most  vital  part  of 
the  electrical  equipment,  and  is  subjected  to 
extremely  severe  service.  Since  the  rectifier 
merely  rectifies  the  middle  portion,  or  top,  of 
the  voltage  wave,  the  high-voltage  circuit 
is  made  and  broken  once  every  half  cycle 
with  an  arc  at  each  make  and  break.  Further- 
more, the  construction  of  the  rectifier  is  such 
that  the  rotating  points  never  make  actual 
contact  with  the  stationary  shoes,  so  there  are 
alwavs  four  arcs  in  series  in  the  circuit.     As 


ill'1   i  reater  has  rostatic  capacity 

and    th     transforms  amount    of 

inductance,  conditions  may  arise  which  cause 
very  hi  cuit,  pari  icularly 

H    i 'i    of  thi   high-voltage  n  inding  of  I  hi 
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Fig.  6.     Self-excited    Synchronous    Motor    for    Driving 
Mechanical  Rectifier 

Consequently,  extreme  precautions  are 
necessary  in  the  design  and  building  of  the 
transformer,  particularly  of  the  high-voltage 
windingand terminals.  Theinsulationbetween 
turns  and  between  coils  must  be  extra- 
ordinarily good,  especially  on  the  end  coils. 
In  precipitation  transformers  of  General 
Electric  manufacture  the  insulation  between 
turns  of  the  end  coils  is  sufficient  to  with- 
stand from  50  to  100  per  cent  of  the  full  rated 


Fig.  7       External  and  Internal  Views  of  60-cycle.  10-kv-a.,  100,000/87,500/75,000 62,500/50,000-220-volt  Precipitator  Transformer 
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high  voltage  of  the  transformer.  Three  views 
of  the  transformer  are  shown  in  Fig.  7,  and 
the  extra  heavy  insulation  is  plainly  visible. 
It  is  an  interesting  fact  that  of  the  failure 
of  precipitation  transformers,  of  varied  manu- 
facture  and  of  which  the  writer  has  knowledge. 


Fig.  8.     Protective  Resistance  for  Precipitator  Transformer 

all  have  been  breakdowns  in  the  insulation 
between  turns  or  coils  of  the  high-voltage 
winding,  and  not  one  from  the  high  voltage 
to  the  low  voltage  or  ground.  This  illustrates 
the  futility  of  depending  on  an  extremely  high 
potential  test  to  ground  in  order  to  insure  a 
serviceable  transformer.  Even  at  300  per 
cent  normal  voltage,  the  volts  between  turns 
would  not  ordinarily  be  over  30,  whereas  the 
insulation  between  turns,  even  at  the  weakest 
point,  will  withstand  2000  volts  or  more. 

In  order  to  protect  the  transformer  so  far 
as  possible  from  high-voltage  surges,  it  has 
been  found  advisable  to  adopt  certain  pro- 
tective devices  in  the  high-voltage  circuit. 
These  originally  took  the  form  of  choke  coils, 
or  reactance  coils,  mounted  on  the  trans- 
former terminals.  Such  coils  are  still  used 
to  some  extent.  However,  the  General  Elec- 
tric Company  after  much  experimental  work 
has  proved  that  resistors  in  the  high-voltage 
circuit  afford  much  better  protection  than 
choke  coils.  Fig.  8  illustrates  a  group  of 
these  resistors.  While  the  amount  of  resist- 
ance used  is  high,  the  line  current  is  small, 
and  the  voltage  drop  and  power  loss  are 
pondingly  low.     The  resistors  are  rods 


in  connection  with 
lightning  arr< 

The    low-voltage    winding    of    the    trans- 
former is  often  provided  with  taps  to  give 
i  utial  voltages  such  as  100,- 
000  87,500  7."., (1(10/62,500/50,000,  or  85,000/ 
S 75,000  ft),) 15,000. 

Mechanical  Rectifier 

The  construction  of  the  mechanical  rectifier 
can  be  easily  understood  from  r"ig.  9.  The 
rotor  is  a  disk  of  bakelite  or  similar  material 
with  two  metallic  strips  each  90  mechanical 
degrees  in  length,  mounted  opposite  each 
circumference.  Four  stationary 
metallic  shoes  are  supported  on  insulating 
rods  as  shown.  The  position  of  the  structure 
which  supports  the  shoes  may  be  adjusted 
so  that  any  portion  of  the  alternating  wave 
may  be  rectified  or  picked  off. 

In  another  type  of  rectifier  the  rotating 
element  has  four  arms,  each  carrying  a  con- 
ducting point.  Two  adjacent  points  are  con- 
nected by  a  steel  wire,  and  the  two  opposite 
points  are  also  connected  together.  The 
stationary  member  is  similar  to  that  of  the 
disk  rectifier. 
Kenotron  Rectifier 

The  kenotron,  Fig.  1 1 ,  a  rectifier  of  the  hot- 
cathode    vacuum-tube    type,    has    not    been 


Mechanical  Rec-ifier 
100,000  Volts 


for  Potentials  up  to 


extensively  used  in  precipitation  sen-ice,  but 
preliminary  tests  show  that  it  pos 
certain  advantages.  As  is  evident  from  the 
oscillograms  which  are  shown  in  Figs.  12  and 
I  3,  it  gives  a  smoother  rectified  voltage  wave, 
and  this  tends  to  give  better  precipita-: 
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i   y 


the  average  voltage  is  nearer  the  maximum 
value.  Furthermore, thehigh-frequciH  \  i>,;il  ., 
present  in  the  rectified  currenl  wave  from  the 
mechanical  rectifier,  are  absent  when  the 
kenotron  is  used.  This  reduces  the  high- 
voltage  stresses  on  the  transformer  and  other 
equipment.  The  kenotron  also  shows  a  con- 
siderable gain  in  electrical  efficiency  ovei 
the  mechanical  rectifier  equipment,  especially 
when  comparatively  large  currents  (one  hall 
to  one  ampere)  are  rectified.  It  is  of  course 
noiseless,  a  pleasing  contrast  to  the  mechan- 
ical rectifier. 

The  one  disadvantage  of  the  kenotron  is 
the  fact  that  it  has  a  limited  life.  After  a 
certain  amount  of  operation  the  hot  cathode, 
or  filament,  "burns  out,"  just  as  does  an  in- 
candescent lamp  filament.  The  life  depends 
on  the  temperature  at  which  the  filament 
operates,  which  is  in  turn  determined  by  the 
rectified  current  output  desired.  Commercial 
tubes  are  ordinarily  operated   al    a   filament 


of  the  Kenotron  Used  in  Place  of 
the  Mechanical  Rectifier 

temperature  which  will  give  a  life  of  at  least 
2500  hours,  and  reasonable  outputs  can  be 
obtained  with  temperatures  low  enough  to 
give  a  life  of  5000  or  even  10,000  hours. 
However,  it  should  be  noted  that  when  a 
filament  does  burn  out,  it  can  be  renewed  at  a 


fract  ioi he  co  ew  tube.     R< 

improvements    in    the    qor  titution    oi    tin 
cathodi  terial 

increase  in  life. 

Remaining  Equipment 

A  precipitation  switchboard  equipment  in- 
cludes the  necessary  circuit  breakers,  switches, 


To  Precipitator 


Fig.   10.      Connection  Diagram    for  Mechanical 
Rectifier  Equipment 

and  instruments,  and  also  a  double-pole 
double-throw  reversing  switch  in  the  low- 
voltage  circuit  of  the  transformer.  By  means 
of  this  reversing  switch  the  direction  of  flow 
of  the  unidirectional  current  through  the 
treater  can  be  controlled,  making  it  possible 
to  insure  negative  corona  on  the  discharge 
electrode. 

In  addition  to  the  protective  resistors  on 
the  transformer  high-tension  terminals,  it  is 
generally  advisable  to  place  similar  resistance 
units  in  the  high-tension  lines  between  the 
rectifier  and  the  treater.  Smoother  operation 
is  obtained  and  the  current  surge  in  case  of 
arc-over  is  limited  by  their  use. 

Field  of  Application 

As  to  the  field  of  application  of  the  Cottrell 
process,  it  is  evident  that  only  material 
particles  can  be  precipitated.  That  is,  it  is 
not  possible  to  separate  one  gas  from  another, 
but  only  to  remove  dirt,  fume,  or  mist  par- 
ticles from  a  gas.  As  has  been  mentioned,  the 
first  commercial  application  of  the  process 
was  to  the  collection  of  sulphuric  acid  mist. 
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The  next  field  whid  ked  was  the 

precipitation  of  fume  and  dust  from  the  stack 
gases  of  copper  and  other  smelters.  It  is 
claimed  thai  the  suspended  matter  carried  in 

gases  work-,  greal  damag ■  egetation 

in  the  country  surrounding  the  smelter 


Fig.  12.       Oscillogram     of     Smoke    Precipitation    Test     with 

Mechanical    Rectifier 

A.  Rectified  Voltage;    B.  Rectified  Current 

C,  Transformer  Primary  Voltage 

there  has  been  much  litigation  between 
smelters  and  farmers,  some  smelters  being 
compelled  to  close  down.  Those  that  are 
operating  have  almost  all  been  forced  to  adopt 
some  scheme  for  cleaning  the  gases.  Some 
have  installed  bag  houses,  in  which  the  gas 
is  forced  through  woolen  bags,  but  these  bag 
houses  are  expensive,  cut  down  the  draft,  and 
the  bags  may  be  destroyed  by  acid  fumes  or 
high  temperatures. 

Very  many  smelting  plants  have  adopted 
the  Cottrcll  process  as  a  means  of  cleaning 
their  stack  gases,  with  satisfactory  results. 
Not  only  is  the  outgoing  gas  freed  ffom  the 
objectionable  suspended  matter,  but  this 
matter  is  as  a  rule  rich  in  metal  values,  which 
are  conserved.  Obviously,  a  treater  which 
every  24  hours  collects  ten  tons  of  dust  con- 
taining 3  to  8  per  cent  of  copper  besides  lead, 
gold,  silver,  and  arsenic  will  easily  pay  a  good 
return  on  a  considerable  investment. 

It  is  possible  to  obtain  very  pure  arsenic 
trioxide  from  smelter  fume  by  what  is  termed 
fractional  precipitation.  When  the  gases  are 
at  a  temperature  of  250  deg.  C.  or  above, 
the  arsenic  content  is  in  the  form  of  a  true 
gas  so  that  the  dust  content  may  be  precipi- 
tated without  affecting  the  arsenic.  If  then, 
by  passing  the  gas  through  a  cooling  flue,  its 
temperature  is  lowered  sufficiently,  the  arsenic 


will  separate  out  as  a  cloud  of  fume  which 
may  be  collected  in  a  second  treater. 

Portland  cement  manufacturers  have  also 
encountered  trouble  with  fanners  near  their 
plants,  due  to  the  dust  carried  out  in  the 
gases  settling  on  the  surrounding  country. 
A  number  of  such  plants  have  in 
Cottrell  precipitators  with  excellent  results. 
Here  also  the  recovered  dust  is  usually  valu- 
able, containing  a  considerable  amount  i  f 
pi  it  ash. 

While  smelters  and  cement  plants  use  the 
majority  of  the  precipitators  now  installed, 
there  are  many  other  applications.  Among 
these  may  lie  mentioned  the  detarring  and 
cleaning  of  illuminating  gas;  the  collection  of 
powdered  foods  manufactured  by  the  spraying 
proi  ess;  the  collection  of  phosphoric  acid  from 
the  gases  from  furnaces  smelting  phosphate 
rock;  the  cleaning  of  blast  furnace  gases;  the 
precipitation  of  coal  smoke,  and  others. 

The  application  of  the  process  to  blast 
furnace  gases  is  progressing  rather  slowly, 
owing  to  difficulties  due  to  the  high  tem- 
perature and  explosive  nature  of  the  gas,  and 
other  causes.  This,  however,  should  prove  a 
fertile  field  as  the  advantages  of  dry  cleaning 
the  gas,  as  compared  to  present  methods,  are 
obvious. 

Very  few  installations  for  treating  coal 
smoke  have  been  made.    While  coal  smoke  is 


Fig.  13.       Oscillogram     of     Smoke    Precipitation    Test     with 

Four   Kenotrona 

A,  Rectified  Voltage;    B.  Rectified  Current 

C,  Primary  Voltage 

objectionable,  it  does  not  of  course  cause  the 
devastation  alleged  against  smelter  fumes. 
Furthermore,  the  material  recovered  from 
coal  smoke  has  little  if  any  value  so  that  all 
that  is  gained  by  the  use  of  the  precipitator 
is  the  mitigation  of  a  nuisance,  and  there  is 
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little  return  on  the  money  invested.  Con- 
sequently there  seems  little  prospect  of  the 
extension  of  the  process  to  coal  smoke.  The 
solution  of  this  problem  lies  rather  in  burning 
the  coal  under  conditions  which  minimize  the 
smoke. 

It  is  evident  that  the  Cottrell  process  is 
performing:  an  important  service  in  the  pre- 
vention   of   waste,    and    the    eliminatio 


(1.1111.-1  forests.     It 

is  also  being  used  as  an  important  step  in 
industrial  processes,  as  in  the  production  of 
phosphoric  i  li    volatiliza- 

tion process  of  ore  reduction.  In  the  short 
time  since  Dr.  Cottrell  began  his  experiments, 
it    has  assumed  ,  tant  place  in    oui 

1 1 lie  life  and  undoubtedly  it-,   u  - 
impi  irtance  will  continu  ease 


Adjustable  Varying  Speed  Alternating-current 
Commutator  Motors 

By  R.  A.  Jones 
Power  and  Minim.  Engineering  Department,  General  Electric  Company 
This  article  discusses  the  polyphase  a-c.  brush-shifting  motor  for  the  benefit  of  the  engineer  or  user  who 
wishes  to  make  a  selection  of  a  motor  for  a  particular  service,  and  it  deals  principally  with  the  operating 
characteristics  of  the  motor  and  the  methods  of  speed  control.  For  those  applications  where  the  brush-shift- 
ing a-c.  commutator  motor  may  be  used  the  choice  usually  lies  between  this  motor  and  the  slip  ring  poly- 
phase induction  motor,  and  the  author  has  therefore  drawn  a  comparison  between  the  performances  of  these 
two  types  The  advantages  of  the  brush-shifting  motor  are  conspicuous  in  almost  all  respects.  The  single- 
phase  brush-shifting  motor  also  has  wide  application  in  industry  and  a  brief  description  of  the  theory,  control 
and  application  of  this  motor  is  included.- — Editor. 


INTRODUCTION 

Alternating-current  commutator  motors 
were  known  before  the  polyphase  induction 
motors  found  their  enormous  application;  but 
because  of  inherent  troubles  from  commuta- 
tor wear  and  sparking  at  the  brushes  they 
found  no  commercial  field  of  usefulness.  The 
advent  of  the  induction  motor  turned  atten- 
tion from  the  commutator  motor,  and  a  num- 
ber of  years  elapsed  before  the  latter  type  of 
motor  received  any  further  consideration. 

The  growing  demand  in  the  last  ten  or  fif- 
teen years  for  an  alternating-current  motor 
having  speed  regulation  over  a  wide  range 
with  small  increments,  and  without  the  con- 
siderable loss  of  energy  involved  in  the  use  of 
the  induction  motor  having  polar  wound  arma- 
ture and  secondary  resistance  control,  led  to 
the  development  of  the  adjustable  varying 
speed,  brush  shifting,  single-phase  and  poly- 
phase motors  having  series  characteristics. 

POLYPHASE  ALTERNATING-CURRENT 
SERIES  BRUSH-SHIFTING  MOTORS 
General  Theory  of  Operation 

A  detailed  development  of  the  theory  of 
the  type  BTS  and  BQS  motors  is  given  in 
the  February,  1916,  General  Electric  Re- 
view. An  abbreviated  explanation  is  given 
in  the  issue  of  September,  1921,  pages  804 
and  805. 

In  addition  to  inherently  providing  the 
necessary  flux  for  counteracting  the  induced 
commutation  voltage,  polyphase  machines 
have  a  further  advantage  in  the  possibility  of 
increasing  the  number  of  phases  in  the  rotor. 


This  may  be  explained  by  comparison  with 
the  direct-current  and  alternating-current 
single-phase  scries  motors.  It  is  evident  that 
with  a  direct-current  or  single-phase  machine 
the  change  of  direction  of  the  current  when 
the  rotor  coil  is  passing  under  the  brushes  is 


Fig.  1.     Type  BTS-10-150-720-r.p.m.,  2200-volt  Motors 

with  Master  Switch  (cover  removed)  and  Pilot  Motor 

for  Automatic  Brush-shifting  Control  Actuated  by 

Air  Pressure  or  Push  Button 

180  deg.  With  a  3-phase  rotor  this  is  reduced 
to  120  deg.,  6-phase  to  60  deg.,  and  12-phase 
to  30  deg.  Assuming  that  this  voltage  equals 
unity  for  a  single-phase  machine,  then  for  the 
6-phase  rotor  it  will  be  reduced  to  sin  60° /2 
or  0.43.  Increasing  the  rotor  phases  also 
provides  additional  circuits  for  the  rotor  cur- 
rent and  decreases  the  current  per  brush  stud. 
It  is  also  a  fact  that  the  interaction  of  the 
fluxes  of  the  different  phases  is  such  that  a 
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in   the  armature  which 
tends  to  improve  the  power-factor.   Poh  | 
motors  can  be  designed  to  operate  at  full  load 
and  synchronous 

Construction 

In  actual  construction  the  motor  consists  of 
innarv  member  or  stator,  and 


r.p.m.,  60-cycle  motor  with  a  10-pole  300- 
r.p.m.,  25-cycle  motor.  The  synchronous 
speed  of  the  two  being  the  same,  they  may  be 
equipped  with  commutators  of  the  same 
diameter  and  same  number  of  bars.  If  the 
10-pole.  25-cycle  motor  is  designed  with  2.4 
(that  imes  the  flux  of  the  24-pole, 

60-cycle  motor,  then  at  half  speed  the  voltage 


Fig.  2.     Type  BTS  25-h.p.,  1200-r.p.m.,  550-voIt  Motor  with  Semi-automatic  Control  Accessories  for 
Constant  Torque  Applications  Such  as  Textile  Mill  Machines 


member  or  rotor,  and  a  transformer  connect- 
ing the  rotor  in  series  with  the  stator. 

The  stator  has  a  distributed  winding  and 
is  similar  to  that  of  the  ordinary  induction 
motor.  The  stator  of  an  induction  motor 
having  the  same  number  of  poles,  horsepower, 
voltage  and  frequency  can  be  used  without 
change  for  numerous  ratings. 

The  rotor  is  in  appearance  and  design  essen- 
tially like  that  of  a  direct-current  motor  or 
generator,  except  that  the  armature  voltage 
is  considerably  lower. 

The  rotor  transformer  is  simply  a  series 
transformer  with  the  primary  in  series  with 
the  stator  of  the  motor  and  the  secondary 
connected  to  the  rotor  through  the  brushes 
and  commutator.  This  transformer  not  only 
supplies  a  lower  commutator  voltage,  bul  by 
its  ability  to  become  saturated  limits  the 
no  load  speed  of  the  motor  to  a  safe  value. 
This  limit  is  approximately  I50percen1 

eneral  understanding  of  the  action  of 
the  transformer  saturation  in  limiting  the 
maximum  speed  can  be  obtained  by  thinking 
of  the  motor  rotor  as  the  rotor  of  a  slip 
induction  motor.  As  the  speed  varies  from 
synchronism  the  voltage  across  the  rings 
increases.  This  increases  the  counter  e.m.f. 
opposing  the  secondary  voltage  of  the  rotor 
transformer.  Therefore,  unless  the  trans- 
former secondary  voltage  increases,  the  cur- 
rent and  torque  decrease  with  a  corresponding 
reduction  in  speed.  Since  the  maximum  trans- 
r  secondary  voltage  is  limited  by  the 
transformer  saturation  the  speed  is  limit 

The  influence  of  frequency  upon  the  dimen- 
sions of  the  commutators  of  these  machines 
be  shown  by  comparing  a  24-pole,  300- 


between  bars  and  the  commutation  condi- 
tions will  be  identical.  On  the  10-pole  motor, 
between  two  brush  studs  spanning  a  full  pole 
pitch,  there  will  be  2.4  times  as  many  com- 
mutator bars  as  on  the  24-pole  motor,  giving 
2.4  times  the  secondary  voltage  of  the  24-pole, 
60-cycle  motor.  Since  the  number  of  rotor 
phases  may  be  increased,  and  since  the  full 
number  of  brush  studs  equals  the  number  of 
pairs  of  poles  times  the  rotor  phases,  the 
secondary  of  the  transformer  for  the  10-pole 


Fig.  3.     Type  BTS  300-h.p..  750-r.p.m.,  550-volt  Motor  with 
Worm  and  Hand  Wheel  for  Shifting  the  Brushes 

motor  may  be  designed  with  2.4  times  the 
number  of  phases  and  the  same  number  of 
brush  studs.  This  increase  in  the  number  of 
phases  of  the  10-pole  motor  rotor  decreases 
the  current  per  phase  for  the  same  output, 
and  therefore  increases  the  capacity  of  the 


ADJUSTABLE  VARYING   SPEED  A-C.  COMMUTATOR  MOTORS 


commutator  in  the  same  nit  io.  For  this  reason 
25-cycle  circuits  are  better  adapted  foi 
phase  motors  than  circuits  of  higherfrequ 
With  motors  having   a   large   numbi 
poles  it  is  often  desirable  to  eliminate  some 
of  the  brush  studs,  by  equalizing  the 
mutator  bars  and  allowing  one  stud  to  carry 
the  current  of  two  or  more. 

Rating 

The  standard  polyphase  motors  arc  built 
in  capacities  of  5  to  40  h.p.,  1200  r.p.m.,  220, 
440  and  550  volts,  and  are  continuous 
on  the  basis  of  constant  horsepower  outpul 
at  speeds  from  1200  to  1350  r.p.m.,  constant 
torque  from  1200  to  600  r.p.m.  In  addition 
the  motors  are  given  an  intermittent  rating 
for  constant  torque  covering  speeds  from  600 
to  450  r.p.m.  Fig.  2  illustrates  a  standard 
25-h.p.  motor  with  control.  Fig.  3  illustrates  a 
300-h.p.  motor.  These  motors  are  called  type 
BTS  for  3-phase  and  BQS  for  quarter-phase. 

The  maximum  capacity  for  which  these 
motors  can  be  built  is  limited  by  commutat- 
ing  conditions.  It  has  been  found  by  expe- 
rience that  a  limit  of  30  h.p.  per  pole  for  60- 
cycle  motors,  and  70  h.p.  per  pole  for  25-cycle 
motors  may  be  used  for  rough  approxima- 
tions.    This  rule  of  thumb  gives  a  limit  of 
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Motor  for  Various  Positions  of  the  Brushes 

about   175  h.p.  for    1200-r.p.m.   motors   and 
350  h.p.  for  600-r.p.m.  motors 

Speed  Torque 

The    speed-torque  curves  ol    Fig     1    show 
thai    the  characteristics  of  this  motor  com- 


pare favorably  with  those  of  slip  ring  induc- 
tion i 01    bavin      la 

ring    induc- 
tion motor  is  applicable  for  adjustable 
ing  spe<  '1  brush   shifting  n 

be  applied,  and  in  adi 
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similar  series  characteristics  it  provides  an  infi- 
nite number  of  speed  points.  At  extremely 
low  speeds  the  available  torque  decreases,  and 
for  constant  torque  duty  a  minimum  speed 
limit  device  is  required  for  protection  against 
stalling.  The  tripping  point  of  this  device 
may  be  adjusted  to  suit  the  load. 

Where  constant  torque  is  required  over  a 
speed  range  greater  than  that  provided  by 
the  standard  design  (3  to  1)  a  larger  motor 
and  rotor  transformer  are  necessary.  In 
general  the  lower  limit  for  loads  having  more 
or  less  constant  torque  is  about  65  to  75  per 
cent  below  synchronous  speed. 

For  centrifugal  pumps,  fans,  etc.,  where 
the  torque  decreases  rapidly  with  the  speed, 
stable  conditions  exist  at  all  speeds  prac- 
tically down  to  standstill.  Fig.  6  (solid 
curves)  shows  the  characteristics  of  a  BTS 
150-h.p.  450-r.p.m.  motor  with  stator  con- 
nected delta.  By  arranging  the  motor  line 
switches  so  that  the  stator  connections  can 
be  readily  changed  from  delta  to  Y,  which  is 
equivalent  to  reducing  the  voltage,  the  low 
speed  torque  characteristics  will  be  practi- 
cally the  same  as  shown  by  the  dotted  curves, 
but  the  efficiency  and  power  factor  will  be 
greatly  improved  as  will  be  shown  later.  This 
delta- Y  change  is  used  only  for  drives  where 
the  torque  decreases  rapidly  with  the  speed. 
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Still  referring  to  Fig.  6,  it  will  he  seen  that 

ash  shift  in  1 1  metrical  degrees  correspond- 

e  is  indicated  and  that  for  the 

same  brush  position  the  motor  has  a  lower  speed 

with  the  Y  connection  than  with  the  delta  con- 

ion.     Consequently,  in  order  to  obtain  a 
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Fig.  6.     Brush-shifting  Motor  Speed-torque  Curves  for  Various 
Brush  Positions  with  Both  Delta  and  Y-connected  Stator 
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Fig.  7.     Brush-shifting  Motor  Starting  Characteristics 


the  brushes  set  to  give  full  load  torque  at 
standstill  the  inrush  current  will  be  164  per 
cent  of  the  normal  full  load  current.  If  the 
motor  were  started  up  with  the  brushes  set 
in  the  position  to  give  50  per  cent  speed  at 
full  load  torque,  the  starting  torque  would  be 
Hi  I  per  cent  and  the  current  232  per  cent. 
These  curves  are  based  on  the  10-h.p.  1200- 
r .p.m.  motor  with  the  stator  delta-connected 
and  will  not  apply  specifically  to  other  ratings 
since  the  degree  of  brush  shift  for  a  certain 
varies  for  different  motors.  However, 
they  illustrate  the  general  relationship  be- 
tween starting  torque  and  current  and  show 
t  liat  the  starting  torque  may  be  varied  within 
the  maximum  torque  limits,  merely  by  shift- 
ing the  brushes.  Another  desirable  feature 
is  the  ability  to  accelerate  as  slowly  or  as 
rapidly  as  desired,  by  slowly  or  rapidly  mov- 
ing the  brushes  from  the  slow  speed  position. 

Efficiency  and  Power  Factor 

Typical  comparative  efficiency  and  power 
factor  curves  for  BTS  and  slip  ring  motors 
when  driving  a  fan  load  or  similar  loads  such 
as  pumps  are  given  by  Fig.  8.  One  hundred 
per  cent  speed  for  the  BTS  motor  is  equal  to 
12J^  per  cent  above  synchronism,  while  for 
the  induction  motor  it  equals  full  load  speed, 
which  is  approximately  96  per  cent  of  syn- 
chronism. This  comparison  assumes  that  the 
motors  are  driving  equal  loads  but  that  the 
machine  for  the  slip  ring  motor  is  designed 
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Fig.  8.     Typicat  Comparative  Efficiency  and  Power  Factor 
Curves  of  BTS  and  Slip  Ring  Motors  Under  Fan  Load 


smooth  speed  curve,  it  is  necessary  to  shift  the 
brushes  to  compensate  for  the  effect  of  the 
delta-Y  change  in  the  stator  connections. 

Starting  Current  and  Torque 

The  starting  current  and  torque  at  different 
positions  are  shown  in  Fig.  7.      With 


for  a  slightly  lower  speed.  At  100  per  cent 
speed  the  slip  ring  motor  efficiency  is  slightly 
higher,  but  as  the  speed  decreases  the  loss  in 
the  secondary  resistors  causes  the  efficiency 
to  drop  off  rapidly. 
The  break  in  the  curves  is  due  to  changing  the 
ons  from  delta  to  V.     Chang- 
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ing  to  the  Y-connection  is  equivalent  to  a 
voltage  reduction,  and,  as  is  evidenced  1> 
the  great  increase  in  power  factor,  results  in 
decreasing  the  magnetizing  current.  In 
most  cases,  for  loads  of  this  kind  the  changi 
over  point  should  be  at  about  70  per  cent 
speed.  When  this  change  is  made  a  different 
speed  is  obtained  for  the  same  brush  setting. 

The  benefit  of  this  higher  efficiency  is  more 
clearly  shown  by  Fig.  9  which  gives  the  com- 
parative kilowatt  input  per  horsepower  when 
operating  at  different  speeds.  The  saving  in 
kilowatt  input  per  horsepower  by  using  the 
BTS  motor  instead  of  the  slip  ring  induction 
motor  is  also  shown.  If  the  motors  in  ques- 
tion are  100  h.p.  the  kilowatt  saving  (Fig. 
9)  at  75  per  cent  speed  will  equal  100X0.091, 
or  or  9.1  kilowatts.  The  saving  per  year  at 
this  speed,  assuming  365  twenty-four  hour 
days  (8760  hrs.),  will  be  79,700  kw-hrs. 

By  estimating  in  detail  the  operating  speed 
cycle  that  is  required  a  more  representative 
power  saving  may  be  calculated  as  follows: 
Assume  a  100-h.p.  fan  unit  having  a  speed 
cycle  of  operation  each  day  equivalent  to: 

4  hours  run  at  100  per  cent  speed 
8  hours  run  at  85  per  cent  speed 
8  hours  run  at  65  per  cent  speed 
4  hours  run  at    50  per  cent  speed 


From  Fig.  9 : 

Per  Cent 
Hours       Speed 

4  -100 

8  -   85 

8  -   65 

4  -   50 


Total  kw-hrs.  saved  per  day  . .  . .  =   148.0 
Total  kw-hrs.  saved  per  year  (365 

days) =  54000 


Kw-hrs. 

=  4X100X.045=  18.0  loss 

=  8X100X.058=  46.4  saving 

=  8  X 100  X.  102=  81.6  saving 

=  4X100X.095=  38.0  saving 


Fig.  9.     Comparative  Kilowatt  Input  Per  Horsepower  for 
BTS  Motors  and  Slip  Ring  Motors  Driving  a  Fan  Load 


At  one  cent  per  kw-hr.  this  equals  a  saving 
of  $540  per  year,  which,  capitalized  at  15 
per  cent  for  interest  and  depreciation,  etc., 
justifies  an  additional  expenditure  of  $3600 
"for  the  BTS  equipment.     This  is  a  conserva- 


tive estimate,  for  in  thi 

cost  of  pov  a  -hr. ; 

but  even  so  the  additional  expenditun 
is  justified  I  ically  co\  i 

plete  charge  for  a  tor  and  then 

nit  the  use  of  the  BTS  equipmenl 


--TH 

T  ,  3 

.  .  . 

~rlM 

.  .  M  . 

:±H 

^"trr 

~TT7,, 

X-'-i-X 

^  rn ■-fOnerCoilal  ICentFrrK„  Hr  :. 

eei 

.  # . . 

£™_r 

hi  J 

: 

+; 

, 

7^— 

/  ~l — ' — 1~ 

>s      

'    , 

"f"i 

. 

s    :-J — ' — : 

::::::::::+::: 

±      . 

£,T0^-1-  — — 

EEE=  :  IflN 

^20 1 

io  —  4-=. — »= 

:E:::::: 

<  IeeI!  e  - : 

■   ~Hj 

• 

|:::::_ 

Fig.  10.     Comparative  Operating  Costs  for  BTS  Motors  and 
Slip  Ring  Motors  as  Affected  by  the  Operating  Speed 

though  the  slip  ring  motor  could  be  obtained 
for  nothing. 

The  importance  of  this  increased  efficiency 
for  varying  speed,  fan  drive  or  similar  drives 
is  further  illustrated  by  Fig.  10,  where  the 
operating  cost  per  horsepower  per  year  is 
plotted  against  speed.  This  operating  cost 
includes  interest  on  the  capital  investment 
and  depreciation  at  15  per  cent,  and  a  power 
charge  of  one  cent  per  kw-hr.  input.  This 
shows  that  above  91  Yi  per  cent  speed  the 
BTS  motor  is  generally  the  more  expensive, 
but  for  operation  at  any  speed  below  this  it 
is  by  far  the  cheaper  equipment.  Assume 
for  example  a  100-h.p.  motor  operating  con- 
tinuously at  70  per  cent  speed:  The  operat- 
ing cost  per  horsepower  per  year  for  the  slip 
ring  motor  is  $39.60  and  for  the  BTS  motor 
$33.50.  Therefore,  with  a  100-h.p.  motor 
there  would  be  a  saving  of  $610  per  year  ami 
at  the  end  of  6  years  the  BTS  motor  would 
have  paid  for  itself. 

For  loads  requiring  constant  torque 
throughout  the  entire  speed  range  the  BTS 
motor  is  even  more  desirable,  as  is  shown  by 
the  curves  of  Figs.  11  and  12.  At  70  percent 
speed  (Fig.  12)  the  saving  is  0.2  kw.  per  horse- 
power as  compared  with  0.092  kw.  per  horse- 
power with  a  fan  load  (Fig.  9).  It  will  be 
noted  that  with  a  slip  ring  motor  driving  a 
constant  torque  load  the  input  remains  con- 
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stant  while    the 

output  decreases  directly  with  the  spe< 

res  a   BTS   motor  with   a 

nt  motor  v 

i    ■    efficiency  of  the 
nt  motor  is  higher  through  most 
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Fig.  11.  Comparative  Efficiency  and  Power 
Factor  of  BTS  Motors  and  Slip  Ring 
Motors  Driving  Constant  Torque  Loads 

of  the  speed  range;  however,  if  it  were  neces- 
sary to  install  a  motor-generator  set  or  con- 
venor for  supplying  direct  current  the  effi- 
ciency wmild  be  in  favor  of  the  BTS  motor. 

Control 

The  control  actually  required  for  operating 

this  type  of  motor  is  extremely  simple,  con- 

:  merely  of  a  switch  for  connecting  the 


e    the   "semi-automatic    control" 
his  control,  as  illustrated  in  Pig, 
2,  consists  of: 

i  Enclosed  contactor  with  inverse  time  limit 
overload  relays  and  undervoltage  release. 
1  Stan,  stop  and  jog  push  button  station, 
ip  button. 

(The  jog  button  and  auxiliary  stop  button 
are  especially  for  textile  mill  applications  and 
are  usually  replaced  by  a  start  and  stop  sta- 
t  ion  for  other  services.) 

1  Brush-shifting  controller  with  chain  and 
guide  pulleys  for  providing  mechanical 
ipeed  control  at  the  driven  machine. 
I  oi  motors  larger  than  40  h.p.  mechani- 
cal  Itrush  shift  is  obtained  by  a  hand 
w  heel  and  worm  gear  mounted  upon  the 
motor  end  shield  and  brush  rigging.  The 
rotor  transformer  and  motor  are  also 
shown  in  Fig.  2. 

Hand  Control 

For  fan  or  centrifugal  pump  drive,  or  simi- 
lar drives  where  the  torque  decreases  with  the 
speed  hand  control  is  especially  applicable  since 
it  provides  for  the  Y-delta  change  in  the  con- 
nections of  the  motor  and  thereby  permits  more 
efficient  operation  at  the  lower  speeds,  as  has 
been  shown  previously.   This  control  combines 
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Fig.  12.  Comparative  Kilowatt  and  Kilovolt 
Input  Per  Horse  Power  for  BTS  Motors 
and  Slip  Ring  Motors  Driving  a  Con- 
stant Torque  Load 


Fig.  13.  Comparative  Efficiency  of  BTS  Motors 
and  Direct-current  Motors  with  Field  Con- 
trol Fan  Load 


motor  st  at  or  to  the  line  and  some  mechanical 
means  of  shifting  the  brushes. 

Semi-automatic  Control 

For  the  standard  line  of  motors  (5  to  lit  h.p. 
inclusive)  designed  for  textile  mill  or  similar 
drives  requiring  constant  torque  over  a  3  to  1 


the  rotor  transformer,  line  switches,  inverse 
time  limit  overload  relays,  and  undervoltage 
protection  all  in  one  unit  as  illustrated  by 
Fig.  14.  With  the  smaller  motors  (5  to  40 
h.p.)  the  brushes  are  shifted  by  the  hand  con- 
troller, but  for  larger  motors  a  hand  wheel 
is  used  as  shown  in  Fig.  3. 


ADJUSTABLE  VARYING  SPEED  A-C.  COMMUTATOR   MOTORS 


Remote  Push  Button  Speed  Control 

For  installations  requiring  push  button 
start  and  stop  and  push  button  speed  control 
the  brushes  are  shifted  by  a  pilot  motor  which 
is  geared  to  the  brush  rigging.  If  the  service 
does  not  necessitate  using  the  Y-delta  com- 
bination of  motor  connections  the  control 
arrangement  is  very  simple,  since  the  only 
electrical  connection  necessary  between  the 
brush  mechanism  and  line  contactor  is  an 
interlock  to  prevent  starting  until  the  brushes 
have  been  returned  to  a  predetermined  low 
speed  position.  To  vary  the  speed  it  is  neces- 
sary to  hold  down  the  fast  or  slow  button 
until  the  desired  speed  is  obtained.  A  de- 
tailed view  of  this  brush  shifting  mechanism 
is  shown  in  Fig.  15. 

In  order  to  provide  for  automatic  operation 
of  the  Y-delta  change  and  also  compensate 
for  the  accompanying  change  in  speed  so  that 
unit* orm  speed  variation  will  be  obtained  over 
the  entire  range  merely  by  pressing  the  fast 
or  slow  button,  a  drum  master  switch  is  also 


Fig.  14.  Rotor  Transformer  for  BTS252-h.p., 
650-r.p.m.,  2200-volt  Motor  Equipped 
with  Switch  Overload  Relays  and 
Undervoltage  Release 

geared  to  the  pilot  motor.  This  switch  carries 
the  control  circuit  for  the  pilot  motor  and  line 
contactors. 

At  a  predetermined  speed  the  motor  con- 
nections are  automatically  changed  from 
delta  to  Y,  or  vice  versa,  and  the  pilot  motor 


immed  ashes  to  a 

ion  so  as  to  bring  the  motor  back 

;e  break  in 

control   resembles   Fig.    Hi,  except   that   the 
rope  wheel  is  omitted. 


Fig.  IS.     Type  BTS  10-h.p.,  1200-r.p.m.,  550-volt  Motor. 
Showing  Pilot  Motor  Control  Mechanism 

Pressure  Regulator  Control 

For  boiler  draft  fan  operation,  pump  drives, 
etc.,  where  it  is  desirable  to  automatically 
vary  the  speed  in  accordance  with  pressure  or 
water  level,  equipment  has  been  developed 
which  provides  automatic  speed  control  from 
a  pressure  regulator  or  float,  or  manual  con- 
trol from  push  button  stations  in  addition  to 
push  button  start  and  stop.  Automatic 
compensation  for  the  Y-delta  change  is  also 
included. 


Fig.  16.  Pilot  Motor,  Gear  Train,  Rope  Wheel, 
and  Drum  Control  Switches  for  Automati- 
cally Controlling  a  Brush-shifting  Motor 
from  Push  Button  Stations  or  Pressure 
Regulator 

The  complete  control  equipment  necessary 
to  provide  these  features  consists  of  the  fol- 
lowing: 

Primary  control.  Line  and  delta-Y 
contactor  panels  with  necessary  inter- 
locks. 
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Secondary  control.    (Fig.  16.)    Brush- 
shifting,  i  ill  'i  tnoti  >r,  gear  i  ram.  and  drum 
control  switches,   arranged   for  pressure 
■   ropewheel, 
push  but  ton  control.     The   UTS 
motor  overload  relays  and  pilot  motor 
ing  contactors  arc  mounted  upon 
separate  panel. 


Fig.  17.  BTS  100-h.p.,  37S-r.p.m.,  Three-phase,  440-volt 
Brush-shifting  Motor  Driving  100,000  Cu.  Ft.  Robinson 
Mine  Fan  at  Aultman,  Pa.    This  motor  was  installed  in  191 3 


ol   panel,  the  sheave  in  turn 
sure  regulator  through 
With  this  equipment  the 
ed    varies  bel  wi  i  n   predetermined 
; i  accordance  with  the  pressure  demand, 
[f  desired,  provision  m;  de  for  auto- 

ng  the  motor  when  the  mini- 
mum spied  is  reached  and  automatically 
starting  again  when  the  pressure  drops. 

Th^  .  nt  is  very  simple  but  it  does 

nol  allow  push  button  speed  control  or  auto- 
matically operated  Y-delta  contactors.    Man- 
ontrol  is  possible,  however,  at  the  regu- 
lator,  maj   be  operated 

by  hand. 

Applications 

In  general  these  motors  are  applicable  to 
any  machine  requiring  speed  variation  at 
!ii  torque  or  less.  For  the  majority 
of  requirements  a  2  or  3  to  1  speed  range  is 
ample;  however,  a  greater  speed  reduction 
may  be  obtained  if  desired.  It  is  always 
advisable  to  take  advantage  of  the  possibility 
of  operating  above  synchronism,  since  for  the 
same  range  the  low  speed  efficiency  and  power 
factor  is  higher. 

So  far  the  majority  of  applications  have  been 
to  textile  mill  machines,  mine  fans,  ventilat- 
ing fans,  boiler  draft  fans,  and  pumps.     (Figs. 


Fig.  18.  BTS  7,'j-h.p.,  1200-r.p.m.,  220-volt  Varying  Speed 
Brush-shifting  Motor  (hand  control)  Connected  by  Chain 
to  50-ft.  Woolen  Tenter  Frame.  Hamilton  Woolen  Com- 
pany, Southbridge,  Mass. 

If  pressure  regulator  speed  control  only  is 
desired  the  brush  rigging  may  be  driven  by  a 
rope  or  chain  from  a  sheave  mounted  upon 


Fig.  19.  BTS  10-h.p.,  1200-r.p.m.,  550-volt  Brush  Shifting 
Control,  Varying  Speed  Motor  Belted  to  Tenter  Frame. 
Windsor  Print  Works.  North  Adams,  Mass. 

17  to  23).  There  is  no  reason,  however,  why 
these  motors  should  not  be  suitable  for  any 
variable  speed  drive  where  limited  series  char- 
acteristics are  not  objectionable. 
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SINGLE-PHASE  ALTERNATING-CURRENT 
BRUSH-SHIFTING  MOTOR 

Theory  of  Operation  * 

single-phase  adjustable  varying  speed 

motor  (type  BSS)  has  operating  characteris- 

polyphase  machine,  but  is  of 

L 

Auto-Transformer  <                   Auto-Transformer 
L VVIAl- 'L  L \r\NV- 


Hiah  Speed  Position  Low  Speed  Position 

Fig.  24.     Elementary  Diagram  of  BSS  Motor  Connections 

entirely  different  electrical  construction.  In- 
stead of  being  a  straight  series  motor  capable 
of  developing  full  load  torque  above  synchro- 
nous speed,  it  is  a  series  compensated  repul- 
sion motor  as  shown  by  the  diagram  of 
Pig.  24.  The  stator  consists  of  the  usual 
single-phase  distributed  winding  while  the 
rotor  resembles  a  direct-current  armature. 
Two  sets  of  brushes  bear  on  the  commutator, 
one  known  as  the  energy  brushes,  which  are 
short  circuited,  and  the  other  as  the  com- 
pensating brushes,  which  are  connected  in 
series  with  the  line  through  a  series  trans- 
former. Usually  the  series  transformer  is  built 
as  an  auto-transformer.  The  appearance  of 
the  motor  is  shown  in  Figs.  25  and  26. 

Fig.  27  represents  a  two-pole  motor  with 
the  brushes  set  for  synchronous  speed  opera- 
tion. The  series  brushes  5  and  7  are  always 
vtrical  deg.  from  brushes  3  and  4  and 
provide  a  field  which  is  perpendicular  to  the 
axis  of  the  rotor  winding  short  circuited  by 
brushes  3  and  4.  With  the  brush  position 
shown  the  current  induced  in  the  short  cir- 
i  uited  rotor  winding  by  the  stator  field  flux 
is  a  miximum  and  the  torque  developed  by  the 
motor  is  due  primarily  to  the  repulsion 
between  this  current  and  the  field  produced 
by  the  current  flowing  through  the  series 
brushes  5  and  7.  This  is  the  maximum  torque 
and  synchronous  speed  position. 

By  shifting  the  brushes  through  angle  ^-1 
(Fig.  2S)  the  induced  current  flowing  through 
brushes  3  and  4  is  reduced  proportionately 
to  cos  A.  Consequently  when  .4  equals  90 
deg.  the  current  in  this  circuit  is  zero  and 
the  torque  and  speed  are  zero.  It  is  evident 
therefore  that  shifting  the  brushes  90  elec- 
trical degrees  will  vary  the  speed  from  syn- 
chronism to  zero. 

*A  detailed  development  of  the  theory  of  the  IType  HSS 
motor  is  given  in  January.  1917.  GENERAL  BlectRICJRevibw. 


Speed  and  Torque 

The  speed   and   torque  cl  i  cs  are 

similar  to  those  of  the  alternating-current, 
three-phase  wound  rotor  motor  or  the  direct- 
current  motor  with  armature  control,  i.e., 
the  speed  varies  with  the  load,  decreasing 
when  the  load  increases  and  vice  versa.  In 
applications  demanding  varying  speed  care 
!  be  taken  to  "motor"  closely,  i.e.,  the 
horsepower  rating  of  the  motor  should  com- 
pare as  nearly  as  possible  with  the  power 
required  by  the  driven  machine  at  normal 
speed.  For  example,  if  a  5-h.p.  motor  is  ap- 
plied to  a  machine  having  a  demand  of  only 
three  horsepower  the  excessive  brush  shift 
necessary  for  one-half  speed  operation  will 
result  in  less  stable  speed-torque  character- 
istics. 

Shifting  the  brushes  will  cause  little  speed 
variation  under  no  load.  However,  whenever 
an  induction  motor  with  secondary  resistance 
control  has  satisfactory7  speed-torque  charac- 
teristics the  brush-shifting  motor  will  have 


Fig.  25.      BSS   '.li  p..  180 


p.m.,  110  220-volt 


60-cycle  Motor 


Fig.  26.  BSS  2-h.p.,  1800,  900-r. p.m..  110,  220-volt, 
60-cycle  Motor  Showing  Standard  Assembly  of 
Rock  Shaft  on  Right  Side  Facing  Commutator 
End 

equally  suitable  characteristics  Refer  to  Fig. 
29.)  Since  the  BSS  motor  has  series  charac- 
teristics its  no-load  speed  is  high,  but  due  to 
the  saturation  of  the  transformer  the  no-load 
speed  is  limited  to  aboul  50  or  60  per  cent 
above  synchronous  speed. 


ADJUSTABLE   VARYING  SPEED  A-C.  COMMUTATOR   MO 


The  standard  motor  is  designed  to  opi 
against  full  load  torque  with  a  speed  varia- 
tion of  2  to  1.  Greater  speed  range  can  be 
obtained  by  specially  designed  windings,  and 
in  some  cases  a  larger  frame,  as  the  heating 
and  commutation  at  the  low  speeds  is  the 
limiting  factor.  With  fan  and  similar  loads. 
where  the  torque  drops  off  rapidly  with 
decrease  in  speed,  the  necessary  reduction  is 
secured  by  a  wider  shift  of  the  brushes  than 
when  the  load  is  heavy. 


[ally  desirable  sinci  i  hi 
linn   i  .   dep  ;nden1    upon    <  hi    rati    oi 
shift,  and  therefore  is  entire!)  under  th 

t  rol  i  if  t  he  operator. 

Efficiency  and  Power  Factor 

The  efficiency  and  power  factor  curves,  as 
given  by  Fig.  31,  include  50  per  cent 
reduction  for  both   100  per  cenl  and  50  per 
cent  torque.     It  should  be  noted  that  at   LOO 
percent  speed  and  load  the  motor  will  opi 


Fig.  27.  Elementary  Diagram  of  Two-pole  Motor 
with  Brushes  Set  for  Synchronous  Speed 
Operation 


Fig.  28.  Elementary  Diagram  of  Two-pole  Motor 
with  Brushes  Shifted  Through  Angle  A  for  Re- 
duced Speed  Operation 
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5.     Speed-torque  Curves   for   a   Single-pha 
Varying-speed,  Brush-shifting  Motor 


Starting  Current  and  Torque 

Fig.  30  gives  the  starting  current  and  torque 
for  different  brush  positions.  When  the 
brushes  are  set  to  give  25  per  cent  speed  with 
full  torque,  the  starting  torque  will  be  115 
per  cent  and  the  current  approximately  130 
per  cent.  These  curves  show  that  the  motor 
may  be  started  with  the  brushes  in  any  posi- 
tion, but  that  preferably  they  should  be  in  a 
low  speed  position  in  order  to  draw  a  mini- 
mum starting  current  from  the  line.  The 
starting  characteristics   of  these  motors  are 
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Percent  Full  Load  Speed  mth  Full  Torque 

Fig.  30.     Starting  Curves  for  a  Single-phase, 
Varying-speed  Brush-shifting  Motor 

at  unity  power  factor  with  an  efficiency  of 
79  per  cent,  which  is  comparatively  high  for 
small  alternating-current  motors.  At  50  per 
cent  speed  the  efficiency  decreases  fifteen 
per  cent  and  the  power  factor  thirty  per  cent. 

Rating 

Standard  BSS  motors  are  built  in  capaci- 
ties from  M  to  lYi  h.p.,  1800  and  1200  r.p.m., 
110  and  220  volts,  and  are  designed  to  develop 
full  load  torque  over  the  entire  range  from 
full  speed  to  one-half  speed.  All  motors  may 
be  run  in  either  direction,  but  only  the  sizes 
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Auto-Transformer 

vvvv 


Motor  Running  Connections 


Auto  -Transformer 
V\M, 


Per  cent  Syn  Speed 


Fig.  31.      Performance  Curves  for  a  Single-phase, 
Varying-speed  Brush-shifting  Motor 

1  h.p.  and  larger  are  designed  for  reversing 
operation.  If  desired  this  type  of  single- 
phase  motor  can  be  built  in  capacities  as 
large  as  20  h.p.,  1S00  r.p.m. 

Control 

Because  of  the  variety  of  applications  of 
this  type  of  motor  it  is  necessary  to  provide 


Dynamic  Bra/ring  Connections 


Fig.  33.     Diagram  of  Connections  of  BSS  Motor  for 
Dynamic   Braking 

several  different  control  arrangements.  In 
general,  the  control  consists  of  a  double-pole 
line  switch  and  some  mechanical  means  of 
shifting  the  brushes.    Fig.  32  illustrates  some 


HANO   CONTROL 
GOMTR0LI-ER  J  [  CONTROLLER 


Kin    32.      Various  Control  De 


ADJUSTABLE  VARYING  SPEED  A-C.  COMMUTATOR   MOTORS 


933 


a. 

ir 

>  S 

',--  ^- 

2  J 

0. 

■^  .5 

in  g 
.  E 
E  .» 

0  >> 

1  ^ 

-  o 

1  J 

d  5 

-'  £  z 

mag 
m  t:  2 
0  m  g 
>    g"H 

E  «j  „• 

E 

■  Ann                  k     #^^Bv 

.5  fl 

if 

■o  C 
|  I 
J  J 


s" 

M  — 

.5  3 
.  o 

EH 


0.  s  s 


934     November,  L92] 


GENERAL  ELECTRIC  REVIEW 


Vol.  XXIV,  No.  11 


of  the  various  control  equipments  used.  The 
devices  are  provided  with  connecting  rods  or 
steel  chains  brought  over  guide  pulleys  for 
ting  the  motor  brush  yoke  to  the  han- 
dle, thus  making  it  possible  to  mount  the 
controller  at  a  considerable  distance  from  the 
motor.  If  control  at  the  motor  is  sufficient, 
a  handle  and  sector  may  be  used,  and  the 
motor  started  ami  stopped  by  a  double-pole 
line  switch  or  push  button  operati  -1  con 

The  irinting  press  and 

similar  drive  also  requires  a  double-pole  line 
switch  or  contactor. 

The  dial  control  with  rod  or  chain  for 
reversing  and  for  non-reversing  duty  provides 
for  both  starting  and  speed  regulati 


is  arranged  to  break  the  electric  circuit  as  the 
brushes  pass  through  neutral. 

Dynamic  Braking 

If  required  the  control  may  be  arranged  to 
provide  dynamic  braking.  The  connections 
for  this  operation  are  given  in  Fig.  33. 

Applications 

Because  of  its  simple  control,  high  effi- 
ciency and  power  factor,  and  infinite  number 

ieeds,  these  small  motors  have  a 
field  of  application  and  have  already  thor- 
oughly demonstrated  their  superiority  to  any 
other  type  of  single-phase  alternating-current 
motor  fi  ir  varial  >le  speed  service.  As  the  motor 
will  deliver  constant  torque  the  horse] 


Fig.  38.     Single-phase  Varying  Speed  Spinning  Frame  Motors.      Group  showing  coupling  connected 
with  P-10  non-automatic  starters.     Saratoga  Victory  Mfg.  Co.,  Victory  Milts,  N.  Y. 


The  cut  in  the  upper  left  corner  (Fig.  32) 
illustrates  a  special  arrangement  in  which  the 
motor  is  mounted  on  a  spring  base  for  friction 
drive. 

Reversible  Operation 

Reversing  the  type  BSS  motor  is  accom- 
plished simply  by  shifting  the  brushes  past 
the  false  neutral  or  zero  speed  point.  The 
speed  then  builds  up  in  the  opposite  direc- 
tion as  the  brushes  are  shifted  further.  Non- 
reversible motors  have  a  removable  stop  pin, 
and  the  direction  of  rotation  is  changed  by 
setting  the  brush  yoke  to  shift  on  the  opposite 
if  this  pin.  Reversible  motors  have  the 
pin  removed,  and  the  controller  carrit 

e  across  neutral.     This  controller 


output  varies  directly  with  the  speed,  rated 
horsepower  being  developed  at  rated  full 
load  speed.  When  the  motor  is  operating 
against  constant  torque  of  normal  to  75  per 
cent  normal  value  50  per  cent  reduction  in 
speed  may  be  obtained  by  shifting  the  brush 
yoke.  Because  of  the  limited  series  charac- 
teristics inherent  in  this  type  of  motor,  the 
speed  will  vary  as  the  torque  varies  at  any 
one  setting  of  the  brush  mechanism.  There- 
fore in  applications  w:here  it  is  expected  that 
the  load  will  vary  careful  investigation  must 
be  made  before  recommending  this  motor. 
The  most  common  applications  of  these  mo- 
i  re-to  printing  presses,  textile  mill  drives, 
fans,  pumps,  and  other  miscellaneous  machines 
in  manufacturing  processes.     (Figs  34  I 
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In  the  August,  1919,  issue  of  this  magazine  there  appeared  an  article  describing  a  colloidal  solution  of 
iapan-base  in  water  (known  as  "water-japan")  and  also  the  methods  ol  applying  it  on  a  commercial  scale. 
Since  that  time  two  departments  of  the   Schenectady  Works  of   the   G  t  ric   Company  have  con- 

tinuously used  this  type  of  japan,  and  larpe  conveyor  ovens  have  been  built  and  put  in  operation  at  the 
Sprague  Works.  In  all  three  cases  the  hot-dip  method  is  used  exclusivel)  It  is  the  purpose  of  the  present 
article  to  describe  these  installations  and  to  give  the  performance  of  the  japan  in  them.      EDI  fOR. 


Installations  at  the  Schenectady  Works,  G.  E.  Co. 

The  oldest  factory  installation  of  water- 
japan  equipment  is  still  in  use  in  the  Switch- 
board Department.  The  basket-dip  process 
is  employed.  The  installation  consists  of  an 
old  electrically  heated  core  oven  which  serves 
as  a  preheater,  an  iron  japan  tank,  and  a 
vertical  revolving  electrically  heated  baking 
oven  (Fig.  1).  The  preheating  oven  is 
provided  with  drawers  so  that  part  of  the 
load  can  be  taken  out  without  cooling  off  the 
remainder  of  the  load.  Each  drawer  holds  six 
wire  baskets,  each  capable  of  holding  from 
100  to  150  lb.  of  metal.  These  baskets  are 
handled  by  a  chain-falls  suspended  from  an 
overhead  track  which  runs  from  the  load- 
ing station  past  the  preheater  and  the  japan 
tank  to  the  baking  oven  and  the  unloading 
station.  The  japan  tank  is  water-cooled  by 
means  of  a  coil  extending  all  the  way  around 
the  inside  of  the  tank.  At  one  end  of  the  tank 
an  iron  partition  runs  from  near  the  bottom  to 
within  two  inches  of  the  surface  of  the  water- 
japan.  In  the  bottom  of  the  tank,  behind  this 
partition,  is  a  series  of  air  jets  which  aid  in 
cooling  the  japan.  A  scrubber  in  the  air-line 
removes  any  possible  condensate  which  might 
have  been  carried  along  in  the  pipe.  This 
scrubber  consists  of  a  vertical  piece  of  four- 
inch  pipe  about  ten  feet  long  which  contains 
about  18  inches  of  water  at  the  bottom.  The 
air  bubbles  through  the  water,  past  a  baffle, 
and  out  through  the  top  of  the  scrubber. 
The  water  in  the  scrubber  is  changed  daily. 
A  small  centrifugal  pump  brings  the  cold 
water-japan  from  behind  the  partition  into 
the  main  body  of  the  tank.  This  pump  is 
operated  only  while  metal  is  being  dipped. 
The  cooling  coil  and  one  of  the  air  jets  are 
run  continuously.* 

The  next  oldest  installation  is  in  the 
Industrial  Control  Department.  It  differs 
from  the  one  just  described  in  that  the  ovens 


*In  building  the  japan  tank,  pump,  cooling  coil.  etc..  it  is 
absolutely  necessary  to  make  sure  that  no  material  but  iron  or 
steel  is  used.  If  any  copper,  brass,  bronze,  galvanized  iron,  etc.. 
is  used,  it  will  form  a  small  electric  battery  in  the  presence  of 
the  water-japan  and  cause  the  japan-base  to  electroplate  out  of 


the 


are  both  small  bo  ovi  i    ■     taskets 

are  smaller,  holding  from  20  to  In  II)..  and  are 
handled   withoul    the  use  of  A 

galvanized  iron  tank  of  the  "kitchen  hot- 
water  tank"  type  ;erves  as  an  air  scrubber 
As  in  the  case  of  the  Switchboard  Depart- 
ment, the  work  is  of  such  a  nature  that  it  may 
be  handled  readily  in  baskel  It  may  be 
noted  thai  small  ca  ting  in  this  department 
are  first  water-japanned,  and  later  machined 
as  required. 

Installation  at  the  Sprague  Works 

The  installation  at:  the  Sprague  Works  is 
the  first  to  use  water-japan  on  a  large  scale. 
It  consists  of  three  electrically  heated  con- 
veyor ovens.  Two  of  these  have  a  maximum 
capacity  of  two  tons  per  charge;  the  (bird 
has  a  maximum  capacity  of  three  tons  per 
charge.  Due  to  the  lack  of  available  floor 
space  they  are  of  the  vertical,  intermit  i  ■  nt 
type.  The  dip-tanks  are  in  a  pit  below  the 
floor  level.  They  differ  from  those  in  use  in 
the  Schenectady  Works  in  thai  the  cooling 
coil  is  placed  behind  the  partition,  and  the 
air  jets  are  placed  on  the  end  farthest  from 
the  partition.  In  this  way  the  combined 
convection  currents  due  to  the  air  bubbles 
and  the  cooling  coil  cause  a  continuous  cir- 
culation of  japan  past  the  cooling  coils,  thus 
keeping  the  temperature  of  the  japan  always 
below  70  deg.  F.  without  the  use  <>i  a  pump. 
Each  tank  holds  about  900  gal.  of  japan. 
This  provides  enough  heat  capacity  in  the 
japan  itself  to  prevent  undue  temperature 
rise  during  dipping. 

Large  pieces  such  as  compensator  boxes 
and  covers  are  hung  individually  from  hooks 
on  the  bars  of  the  convenor.  Small  castings 
of  irregular  shape  are  dumped  into  baskets 
which  are  then  hooked  onto  the  bars.  All 
metal  which  is  japanned  is  m<>rr  i  han  10  mils 
thick.  After  the  oven  is  loaded,  the  doors 
are  shut  and  the  heat  turned  on.'  A  ther- 
mostat at  the  top  of  each  oven  permits  a 
maximum  temperature  of  500  deg.  1"  A 
mercury  thermometer  on  the  door  hows  the 
temperature  at  the  coolest  (bottom)  part  of 
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the  oven.  It  was  originally  intended  to  carry 
the  preheat  to  500  deg.  F  at  all  parts  of  the 
oven.  This,  however,  did  no!  prove  practical 
due  to  the  time  required,  and  dipping  is  now- 
started  when  the  temperature  at  the  bottom 
of  the  oven,  just  below  the  lowest  loaded  bar. 
reaches  400  deg.  F.  It  is  hoped  thai  a  slight 
alteration  may  later  be  made  to  remedy  this 
defect  so  that  the  whole  of  the  oven  mn\  be 
heated  to  500  deg.  F. 

Dipping  is  done  at  a  conveyor  speed  of  not 
less  than  six  inches  per  second.  This  speed  is 
determined  by  the  necessity  for  having  every 
portion  of  each  piece  of  metal  at  a  tem- 
perature of  400  deg.  F.  or  more  at  the  instant 
it  enters  the  japan.  The  speed  of  dip  must 
therefore  be  at  least  as  great  as  the  rate  of 
travel  of  the  cooling  wave  along  the  metal. 
When  the  dipping  operation  is  finished,  the 
metal  is  back  in  its  original  place  in  the  oven. 
The  japan  is  baked  for  20  to  30  min.  The 
oven  is  then  unloaded  from  one  side  and  at 
the  same  time  is  reloaded  from  the  other  side. 

The  ovens  were  originally  provided  with 
fans  in  the  ventilating  ducts  at  the  top  in  the 
same  manner  as  is  ordinarily  done  when  ovens 
are  built  for  use  with  inflammable  japan. 
It  has  not  been  necessary  to  use  these  fans. 
The  natural  convection  current  past  the  fan 
blades  and  up  the  duct  has  been  found  to  be 
quite  sufficient  to  carry  off  the  traces  of  water 
vapor  and  the  products  evolved  from  the 
japan-base  itself  during  the  baking  process. 
It  is  found  that  the  saving  by  not  having  to 
heat  a  strong  current  of  air  in  the  oven  is 
practically  enough  to  pay  the  cost  of  the  pre- 
heating. Because  of  the  great  positive  advan- 
tages inherent  in  preheating,  manufacturers 
of  japanning  equipment  recommend  pre- 
heating ovens  even  when  ordinary  inflam- 
mable japans  are  used.  These  advantages 
are  retained  with  water-japan  by  the  hot- 
dip  method,  with  the  added  advantage  that 
the  preheat  costs  practically  nothing,  since 
the  cost  of  energy  for  preheating  and  baking 
with  water-japan  seems  to  be  essentially  the 
same  as  the  cost  for  baking  alone  with 
ordinary  japan.  When  operating  on  a  load 
of  4000 "lb.,  the  efficiency  of  the  two-ton  ovens 
for  preheating  plus  baking  is  11  lb.  per  kw-hr. 
With  smaller  loads  the  efficiency  is  of  course 
less.  For  instance,  if  the  load  is  decreased  to 
1S00  lb.,  the  efficiency  is  only  6  lb.  per  kw-hr. 
The  oven  which  has  a  capacity  of  three  tons 
has  never  been  loaded  to  its  maximum,  so 

*Of  course,  the  japan  coat  is  not  free  from  defects  due  to 
scale  dropping  from  the  conveyor  system  onto  the  work.  This 
difficulty  is  inherent  in  the  vertical  type  of  conveyor  oven. 


that  actual  data  arc  not  a\ 
estimated  thi  i  re  so  load 

ciency  would  be    II   lb.   per  kw-hr.      I 
figures  compare  favorably  wil  ained 

with   box-type  or  other    intermittent 
using  ordinary  japan   withoul    pre! 

Action  of  the  Japan 

There  has  been  no  attempl   to  1 
with   a   homogeneous   load;   a 
charge   may   contain   castings  large   em 
to    be    hung    individually    on    hooks,    small 
castings  in  baskets,   and  several   sizes   and 
shapes  of  punchings.     The  relative  freedom 
from  drip,  which  is  a  characteristic  of  water- 
japan,   prevents   material   on   one   bar   from 
being  marred   by   japan  dropping  from    thi 
next  higher  bar,*  and  also  prevents  prohibi- 
tive scarring  of  the  work  which  is  dipped  in 
baskets.    This  same  property  promotes  clean- 
liness about  the  oven,   as  is  shown  by   the 
photograph  in  Fig.  2,  which  was  taken  after 
the  oven  had  been  in  operation  for  s< 
weeks. 

Due  to  the  action  of  the  preheat  in  cleaning 
the  metal  from  oil  and  grease,  the  coat  of 
water-japan  is  especially  adherent.  The 
weather-resisting  properties  have  been  tested 
by  the  engineers  of  another  company  (the 
report  being  therefore  unbiased)  who  report 
that  water-japan  is  as  resistant  to  weather 
and  abrasion  as  the  best  japan.  Also,  the 
finish  is  as  good  as  is  obtained  with  the  best 
japan  of  the  ordinary  type  under  the  same 
conditions.  Data,  taken  on  metal  totalling 
several  thousand  square  feet  in  area,  show  a 
coverage  of  a  little  more  than  200  sq.  ft.  per 
gal.  of  water-japan. 

Due  to  the  low  viscosity  of  water-japan, 
dirt  drops  readily  to  the  bottom.  Each  hot 
particle  of  loose  scale  becomes  coated  with  a 
thin  layer  of  japan  during  the  hot-dip,  and 
at  once  begins  to  settle.  The  result  is  that, 
althotigh  water-japan  may  be  cleaned  in  a 
centrifugal  clarifier  just  like  other  japans  if 
desired,  for  most  purposes  it  may  be  con- 
sidered as  self-cleaning.  It  is  advisable  how- 
ever that  the  tanks  be  emptied  once  a  month 
and  the  japan-coated  scale  on  the  bottom 
removed  with  a  shovel. 

The  japan  seems  to  have  wide  time  limits 
in  baking  between  the  temperatures  of  400 
and  500  deg.  F.,  so  that  pieces  baked  at  the 
bottom  of  the  oven  at  400  deg.  F.  are  appar- 
ently as  well  baked  as  those  which  have  been 
at  the  top  of  the  oven  (500  deg.  F.)  for  the 
same  length  of  time.  As  is  the  case  with  all 
other  japans,  the  lower  the  temperature  the 
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.  the  time  required  to  bi 
uires  many  times  longer  bal 
100  deg.  I".;  however,  the  limits  b 

100  deg.  F.  ai 
maximum  at  500  deg.  F.  overlap  to  such  an 
ame  baking  time 
I  for  both. 
I      pi1        fchi  large  amount  of  metal  that  is 
ed  daily  by  the  ovens  at  th 
Works,   it    is  not   necessary   to  measure  the 


concentration  of  the  japan  oftener  than  once 
'.  Since  the  solvent  (water)  is  relatively 
non-volatile,  there  is  no  need  for  the  daily 
addition  of  "thinner."  so  that  the  low  initial 
cost  of  water-japan  is  further  supplemented 
by  the  saving  in  the  cost  of  thinner. 

These  advantages  are  nevertheless  of  but 
supplementary  importance  compared  with  the 
mam  ,  i    which  water-japan  was  de- 

veloped— the  absolute  elimination  of  fire  risk. 


Heating  Rotor  Spiders  by  Induction 

By  Robert  W.  Wieseman 
Alternating-current  Em. inhering  Department,  General  Electric  Company 

Large  high-speed  rotor  spiders,  which  are  usually  shrunk  on  their  shafts,  are  heated  in  an  oven  or  by 
torches  to  expand  the  bore.  The  shaft  mav  then  be  forced  into  place  with  ease  and  when  the  rotor  has 
cooled  the  pressure  at  the  fit  is  adequate  When  the  shaft  has  to  be  removed,  however,  the  procedure  is  not 
so  simple.  Heating  the  rotor  in  an  oven  heats  the  shaft  also,  and  local  application  of  heat  by  torches  is 
ineffective.  The  best  way  to  expand  the  bore  with  respect  to  the  shaft  is  to  heat  the  spider  electrically  by 
induced  currents,  the  steel  spider  acting  as  a  short-circuited  secondary.  This  article  gives  full  information 
regarding  this  method  of  heating  rotor  spiders;  the  manner  of  winding  the  spider  is  described  and  illus- 
trated, and  formulas  are  given  for  determining  the  power,  current,  and  voltage  that  will  be  required.  The 
results  of  applications  are  shown  by  curves  and  instructions  are  included  for  the  guidance  of  those  who  may 
have  occasion  to  employ  the  method. — Editor. 


Introduction 

iders  are  forced   on    ;  I 
cither  with  a  press  fit  or  a  shrink  fit.     Small 
slow  speed  rotor  spiders  have  press  fits  while 
large  high  speed  spiders  usuallv  have  shrink 
fits. 

The  amount  of  shrink  fit  allowance  re- 
quired in  the  bore  of  a  rotor  spider  depends 
upon  the  diameter  of  the  bore  and  upon  the 
at  the  overspeed  to  which  the  rotor 
may  be  subjected.  Waterwheel  driven  alter- 
nators are  designed  to  withstand  overspeeds 
of  SO  to  100  per  cent  while  engine  driven  al- 
ternators, synchronous  motors  driving  com- 
pressors, fans,  pumps,  etc.,  and  motoi 
erator  units  usually  have  an  overspeed 
per  cent. 

When  a  rotor  spider  is  forced  on  its  shaft 
with  a  shrink  fit,  the  spider  is  heated  in  an 
oven  or  by  torches  to  expand  its  bore.  This 
enables  the  spider  to  be  forced  on  the  shaft 
with  a  moderate  pressure  and  with  little 
difficulty.  The  temperature  T  to  which  the 
spider  should  be  heated  to  give  an  expansion 
b  is  given  by  the  formula: 

T  = * +t 

0.000011  <r 


Where, 

7  =  temperature  of  the  spider  in  Centigrade 
degrees 

t  =  xoom  temperature  in  Centigrade  de- 
grees 

d  =  diameter  of  the  spider  bore  in  inches 

b  =  shrink  fit  allowance  (expansion)  in 
inches 

venient  rule  to  remember  is  that  steel 
will  expand  one  mil  per  inch  length  per  100 
deg.C. 

Difficulty  is  experienced,  however,  when 
the  shaft  is  to  be  removed  from  the  rotor  be- 
cause now  the  spider  and  shaft  arc  one.  If 
the  spider  and  shaft  are  put  into  an  oven 
and  heated,  the  shaft  will  be  heated  as  well 
as  the  spider,  and  consequently  the  shaft  will 
expand  the  same  amount  as  the  spider,  giving 
a  net  relative  expansion  of  zero. 

Torches  can  be  played  on  the  spider  rim  so 
as  to  impart  most  of  the  heat  to  the  spider 
and  as  little  heat  as  possible  to  the  shaft. 
This  is  not  satisfactory  because  the  spider  is 
heated  only  at  spots,  giving  high  tempera- 
tures at  some  parts  of  the  spider  and  low 
ratures  at  others.  Large  variations  of 
erature  produce  very  high  local  stresses 
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which  may  tend  to  crack  the  spider.  Usually 
with  this  method  heat  cannot  be  imparted 
to  the  spider  fast  enough  to  heat  it  without 
heating  the  shaft.  Thus  the  shaft  becomes 
heated  by  conduction,  and  the  net  relative 
expansion  again  is  practically  zero. 

Perhaps  the  best  way  to  expand  the  spider 
bore,  relative  to  the  shaft,  is  to  heal  the 
spider  electrically  by  using  alternating  etu 
rent  to  induce  a  secondary  current  in  the 
spider  rim.  This  is  accomplished  by  winding 
heavy  bare  copper  cable  circumferentially 
around  the  spider  insulated  with  asbestos  as 
shown  by  Fig.  ] ,  and  bv  sending  an  alternat- 
ing current  through  this  winding.  The  spider 
and  cable  winding  constitute  a  short  cir- 
cuited transformer,  the  primary  being  the 
cable  winding  and  the  steel  spider  forming  a 
one  turn  short  circuited  secondary. 

Methods  of  Winding  Primary 

The  primary  winding  can  be  wound  on  the 
spider  in  two  ways:  First,  if  a  spider  has 
arms  or  if  it  has  holes  parallel  to  the  shaft, 


Fig.  1.  Rotor  Spider  Wound  to  be  Heated  Electrically  by  In- 
duction. Primary  winding  consists  of  26  turns  of  250,000 
clr.  mil  bare  copper  cable  wound  circumferentially 

the  primary  can  be  wound  around  the  rim  as 
shown  by  Figs.  2  and  3.  (Note  in  Fig.  3,  the 
primary  was  wound  in  the  dovetail  slots.) 
Second,  the  primary  can  be  wound  circum- 
ferentially as  shown   by  Fig.    1   and  Fig.    5. 


939 

The    first    method   of   winding    the    primary 
require!    more  time  and  labor  and  offers  no 
advantages  in  heating;  moreover,  it  is 
difficult   to   calculate    the   impedance   oi    the 
spider  wound  in  this  manner. 


.  2.  Rotor  Spider  Wound  to  be  Heated  Electrically  by  In- 
duction. Primary  winding  consists  of  35  turns  of  250,000 
cir.  mil  bare  copper  cable  wound  around  the  rim  through 
the  ventilating  holes  in  the  web 


Fig.  3.  Rotor  Spider  Wound  to  be  Heated  Electrically  by  In- 
duction. The  winding  method  employed  is  similar  to  that 
in  Fig.  2  except  the  cable  is  laid  in  dovetail  slots 

Power,  Current,  and  Voltage  Required 

The  power  input  to  the  primary  minus  the 
RP  loss  of  the  primary  is  the  power  input  to 
the  secondary  which  is  absorbed  by  hysteresis 
loss  and  RP  loss.    The  hysteresis  loss  is  very 
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small  in  comparison  with  the  RP  los 
therefort'  it  will  be  neglected. 

The  RP  loss  raises  the  temperature  of  the 
spider.  What  then  should  be  the  rate  of  this 
temperature   increase?     Various  tests  show 
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rotor  spider  has  an  irregular  shape — large  leakage  flux.  Use 
Curve  No.  3  when  rotor  spider  has  no  irregularities — small 
leakage  flux 

that  a  rate  of  average  temperature  increase  of 
100  deg.  C.  per  hour  is  satisfactory,  since  in 
heating    the   spider   at   this   rate    little    heat 


reaches  the  shaft.  Obviously,  the  higher  the 
rate  of  temperature  increase  of  the  spider 
the  less  the  shaft  will  be  heated;  but  this 
cannot  be  carried  too  far  because  the  rim  of 
pider  will  attain  a  very  high  tempera- 
ture and  the  hub  temperature  increase  will 
ry  small.  This  will  cause  unequal  ex- 
pansion and  produce  internal  stresses  in  the 
spider  which  perhaps  would  result  in  its 
damage. 

If  there  were  no  heat  leakage  and  if  the 
heat  were  uniformly  distributed  in  the  S] 
then  G.25  watts  would  raise  one  pound  of 
spider  steel  at  the  rate  of  100  deg.  C.  per  hour. 
Inasmuch  as  there  is  both  heat  leakage  and 
uneven  distribution  of  heat  in  the  spider,  a 
higher  rate  of  energy  must  be  dissipated. 
Tests  show  that  about  15  watts  per  pound  of 
spider  should  be  used  in  heating  a  spider  at 
the  above  temperature  rate.     Therefore, 

P=15W  (1) 

Where  P  is  the  power  input  to  the  primary 
winding  in  watts  (RP  loss  in  primary  neg- 
lected), and  II"  is  the  weight  of  the  spider 
in  pounds. 

For  a  given  amount  of  power  P  the  cur- 
rent will  be 


yU?* 


(2) 


N  \A 

Where  /  is  the  current  (amperes)  flowing  in 
the  primary  winding.  Y  is  the  admittance 
coefficient  (see  Fig.  4),  L  is  the  axial  length 
of  the  spider  in  inches,  AT  is  the  number  of 

*  See  appendix  for'derivation. 


Fig.  5.  Rotor  Spider  of  a  4-pole,  7.000-kv-a.,  750-r.p.m.  Waterwheel  Driven  Alternator 
Wound  to  be  Heated  Electrically  by  Induction.  Primary  winding  consists  of  32  turns  of 
430,000  cir.  mil  bare  copper  cable 
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turns  in  the  primary,  and   .4  is  the  area  of 
spider  surface  covered  by  the  primary. 
Since  P  =  E  I  cos  d 


Therefore  E  ■ 


(3) 


YL  cos  6 

Experiments  show  that  the  power-factor  for 
steel  spiders  varies  between  0.6  ami  0.7.  The 
power-factor  for  cast  iron  spiders  would 
probably  be  about  the  same.  If  we  take  0.65 
as  the  average  power-factor,  it  follows  that 

AT        , 

Obviously  the  impedance  will  be : 
.,     E     1.5  N2  A 

Z=i=^nr  (o) 

The  derivation  of  these  formulas  (see  ap- 
pendix) is  based  on  the  supposition  that  the 
primary  is  wound  on  the  spider  circumferen- 
tially  and  that  the  spider  is  a  simple  steel 
cylinder.  The  actual  spider  will  have  dove- 
tail slots  cut  into  it  and  will  be  more  or  less 
irregular  in  shape  in  comparison  with  a  simple 
steel  cylinder.  The  current  paths  in  the 
spider,  mutual  induction,  and  depth  of  pene- 
tration arc  extremeh  complicated  to  calcu- 
late, and  therefore  the  admittance  coefficient 
Y  must  be  determined  by  experiment.  Fig. 
4  shows  how-  the  values  of  Y  for  steel  vary 
with  current  per  unit  length  of  spider,  tem- 


Yu  )                       i  iuld  be  noted  that  the 

value    of    Jr'i    vim'  en    the    limits    of 

curves  1  and  3,  2  b  Yi  also 

varies  with  I  per  unit  Length  of  the 

ami  then  !  H  ed  by 


Fig.  6.     Rotor  Spider  of  a  6-poIe,  3530-kv-a.,  500-r.p.m.  Water- 
wheel  Driven  Alternator 

trial.  If  the  spider  is  quite  irregular  in  its 
shape  and  construction,  for  example,  the 
spider  shown  in  Fig.  5,  where  it  was  impossible 
to  wind  the  primary  close  to  the  spider,  the 


Fig.  7.      Rotor  of  a  6-pole,  3530-kv-a.,  500-r.p.m,  Waterwheel  Diiven  Alternate 


perature,  and  frequency.  It  should  be  noted 
that  the  formulas  apply  only  when  the  cable 
is  wound  uniformly  on  the  spider  circum- 
ferentiallv  as  shown  in  Fig.  1. 

Fig.  4  gives  the  admittance  coefficient   Y 
as  the  product  of  the  three  factors;  namely, 


maximum  value  of  V"i  (Curve  1)  should  be 
used.  If  the  spider  has  no  irregularities  and 
approaches  the  shape  of  a  simple  cylinder, 
for  example,  the  spider  shown  in  Fig.  1,  the 
minimum  value  of  Yi  should  be  used  (Curve 
3).     A    spider    with    a    moderate    degree    of 
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irregularities  and  with  large  dovetail  slots 
would  have  a  value  of  Y  somewhere  between 
the  maximum  and  minimum  limits.  Fig.  6 
shows  a  rotor  spider  of  this  class  and  Fig.  7 
shows  this  rotor  complete.    However,  a  rotor 
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spider  like  the  one  shown  in  Fig.  5  is  very 
unusual,  and  therefore  it  is  safe  to  take  the 
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value  of  Vi  between  the  region  bounded  by 
Curves  2  and  3  for  ordinary  spiders.  The 
coefficient  Yi  corrects  for  temperature,  and 
its  value  is  unity  for  25  deg.  C.  This  co- 
used  when  the  approximate 
current  and  voltage  are  required  at  the  end 
of  the  heat  run.  Note  that  Y2  varies  as  the 
maximum  temperature  of  the  spider  face. 
Coefficient  Y3  corrects  for  frequency,  and  its 
value  is  unity  at  00  cycles  per  second. 

Impedance  Tests 

Fig.  S  shows  the  results  of  the  impedance 
tests  at  60  cycles  per  second  on  the  spider  of 
a  12-pole,  6000-kv-a.,  500-r.p.m.  waterwheel 
driven  alternator  (Fig.  2).  The  primary 
consisted  of  35  turns  of  250,000  cir.  mil 
copper  cable  wound  around  the  rim  through 
the  ventilating  holes  in  the  web. 

Fig.  9  shows  the  results  of  impedance  tests 
on  the  same  spider  at  60  cycles  per  second. 
The  primary  in  this  case  consisted  of  26  turns 
of  250,000  cir.  mil  copper  cable  wound  cir- 
cumferentially  as  shown  by  Fig.  1. 

Fig.  10  shows  the  results  of  the  impedance 
test  at  60  cycles  per  second  on  the  spider  of 
a  4-pole,  7000-kv-a.,  750-r.p.m.  waterwheel 
driven  alternator.  The  primary  winding  con- 
sisted of  32  turns  of  430,000  cir.  mil.  copper 
cable  (Fig.  5).  Fig.  10  gives  the  values  of  ef- 
fective resistance  and  reactance  of  the  spider. 

Fig.  11  shows  the  results  of  the  impedance 
tests  at  40  cycles  per  second  taken  on  the 
spider  mentioned  above.  Two  impedance 
tests  were  taken,  one  when  the  spider  was 
cold    (temperature    35    deg.    C.    before    heat 
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Fig.  9.     Curves  for  Rotor  Spider  with  Primary  Wound 
C  ire  umfe  renti  ally 


Fig.  10.     Curves  for  Rotor  Spider  of  a  4-pole,  7,000-kv-a.,  750- 
r.p.m.  Alternator,  Frequency  60  Cycles.      (See  Fig.  5.) 
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run)  and  one  when  the  spicier  was  hot  (avi 
temperature  120  deg.  C.  after  heat  run). 
These  tests  show  that  the  power-factor 
changes  only  a  small  amount  with  a  change  in 
temperature.  The  impedance  increased  is 
per  cent  when  the  maximum  temperature  ol 
the  spider  rim  increased  240  deg.  C. 
Heat  Run 

The  spider  of  the  7000-kv-a.  alternator 
mentioned  above  was  heated  electrically  by 
induction  while  mounted  in  a  hydraulic  press 
which  was  used  to  force  out  the  shaft  after 
the  spider  bore  had  expanded  sufficiently. 
The  heat  run  was  taken  at  a  constant  voltage 
of  380  volts  and  at  a  frequency  of  40  cvcles 
per  second.  Fig.  12  gives  the 'results  of  the 
heat  run.  These  curves  show  that  the  tem- 
perature rise  of  the  spider  surface  was  220 
deg.  C.  in  55  minutes.  The  temperature  of 
the  pole  face  was  practically  the  same  as  that 
of  the  cable  winding.  Temperatures  taken 
at  various  parts  of  the  pole  body  indicate 
that  most  of  the  heat  was  confined  to  the  pole 
surface.  This  shows  that  the  currents  in- 
duced in  the  spider  penetrate  the  spider  only 
a  very  small  amount.  The  power-factor  re- 
mained constant  at  60  per  cent  during  the 
entire  run.  The  initial  power  was  303  kw. 
(14  watts  per  pound  of  spider)  which  in  55 
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Fig.  11.  Curves  for  Rotor  Spider,  Frequency  40  Cycles. 
Curves  marked  "cold"  were  taken  before  heat  run.  Average 
temperature  35  deg.  C.  Curves  marked  "hot"  were  taken 
after  heat  run.  Average  temperature  120  deg.  C.  (See  Fig.  5.) 

minutes    decreased   to    222   kw.   or  approxi- 
mately 75  per  cent  of  the  initial  power. 

Power-factor 

Tests  on  the  same  spider  show  that  when 
the  primary  is  wound  around  the  rim,   the 


power-factor   (0.78)    is   a    little   higher  than 
when  it  is  wound  circumferentially  (0  . 

If  the  spider  has  an  irregular  shape,  thus 
making  it  impossible  to  wind  the  primary 
close  to  the  spider  face  at  all  points  (which  is 
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Fig.  12.  Heat  Run  Curves,  Frequency  40  Cycles,  Constant 
Potential  380  Volts.  Primary  winding  consisted  of  32  turns 
of  430,000  cir.  mil  bare  copper  cable  insulated  with  asbes- 
tos.    (See  Fig.  5.) 

the  condition  for  large  leakage  flux)  as  shown 
by  Fig.  5,  the  power-factor  will  be  approxi- 
mately 0.6.  If  the  spider  has  no  irregularities, 
as  shown  by  Fig.  1,  the  power-factor  will  be 
approximately  0.7. 

The  power-factor  of  a  given  spider  is  prac- 
tically constant  at  commercial  frequencies. 
Fig.  10  and  Fig.  11  show  that  the  power-factor 
for  both  40  and  60  cycles  per  second  is  about 
the  same  within  the  current  limits  of  500  to 
1200  amperes. 

Frequency 

With  low  frequencies  the  impedance  of 
the  winding  will  be  so  low  that  a  very  large 
current  at  low  voltage  will  be  required.  This 
is  undesirable  because  the  necessary  current 
capacity  is  not  always  available.  It  follows 
then  that  a  frequency  of  60  cycles  per  second 
is  preferable. 

Instructions 

The  following  instructions  should  be  ob- 
served when  heating  a  rotor  spider  electrically 
by  induction: 

Pole  Pieces.  The  pole  piece  and  field  wind- 
ing must  obviously  be  removed  for  two  rea- 
sons:    First,  the  primary  winding  could  not 
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be  \\<  ■■  It  is  very 

essential  that  the  priii  ii 

to  the  spider  as  possible.     Second,  the  high 
temp'  ■  he  spider  face  would  da 

the  field  winding. 

Insulation.  The  spider  should  be  insulated 
with  asbestos  before  the  primary  is  wound  on 
it.  The  asbestos  insulation  should  not  be 
too  th  .1     previously  stated,  it  is 

very  essential  thai  the  primary  be  wound  as 
close  to  the  spider  as  possible. 

Primary  Winding.  Wind  only  one  layer 
of  bare  copper  cable  250,000  cir.  mil  or  larger 
on  the  spider  and  wind  as  many  turns  on  as 
ble,  covering  the  entire  spider  face. 
Brace  the  turns  securely  so  that  th' 
touch  one  another. 

Heat  Run.  The  values  of  power,  current. 
and  voltage  can  be  easily  calculated  from 
equations  1.  2,  and  3,  respectively,  using  the 
values  of  the  admittance  coefficient  Y  as 
given  by  Fig.  4. 

It  has  been  found  that  if  electrical  energy 
be  dissipated  in  a  spider  for  an  hour  at  the 
rate  of  15  watts  per  pound  of  spider,  its 
bore  will  expand  sufficiently  to  enable  the 
shaft  to  be  removed  with  the  application  of 
only  a  moderate  force.  This  follows  from  the 
rate  of  average  temperature  increase  of  LOO 
deg.  C.  per  hour  as  previously  stated.  At 
the  above  temperature  rate  the  maximum 
temperature  of  the  spider,  which  occurs  at 
the  face,  mav  reach  a  temperature  as  high 
at  300  deg.  C. 

The  power  input  to  the  spider  at  the  end 
of  the  heat  run  will  be  approximately  75 
per  cent  of  the  initial  value  of  power  if  the 
voltage  is  constant  during  the  run.  This  is 
due  to  the  increase  of  impedance  with  tem- 
perature. The  value  of  power,  given  by 
equation  1,  namely  P  =  15  W,  is  the  initial 
value  of  the  power. 

Conclusion 

This  method  of  heating  rotor  spiders  for 
removing  shafts  with  shrink  fits  has  proved 
to  be  very  satisfactory.  Shafts  have  been 
removed  from  spiders  of  various  shapes  and 
constructions  with  no  difficulty  whatsoever. 
The  average  time  consumed  in  preparing  the 
spider  for  heating,  namely,  insulating  it 
with  asbestos,  winding  the  primarv,  and 
wiring,  is  approximately  one  day.  Spiders 
for  high  speed  60-cycle  machines  ranging 
from  5000  to  12000  kv-a.  require  approxi- 
mately 35  kw.  of  electrical  power  per  1000 
kv-a.  to  heat  them. 


APPENDIX 
Derivation  of  Expression  for  Current  and  Voltage 

It  ha  ceviously   stated   that  when 

the  primary  is  wound  around  the  rim  through 

rms  or  holes  in  the  spider,  as  shov 
Pig.  2,  it  is  very  difficult  to  derive  an  ej 
sion  for  the  impedance  of  the  winding.    How- 
ever,  it"   the   primary   is  wound  circumferen- 
tially.  as  shown  by  Fig.  13,  an  expression  can 
dily  derived. 

Consider  the  spider  as  a  simple  steel 
cylinder  wound  circumferentially  with  a  uni- 
fi  inn  winding,  assuming  for  convenience  one 
turn  per  inch  length  of  cylinder  as  shown 
by  Fig.  13.  Let  an  alternating  curren 
through  this  winding  and  at  a  certain  instant 
assume  that  the  current  flowing  through  the 
primary  winding  in  the  direction  as  indii 
Then  by  Lenz's  law.  the  current  flowing  in 

PRIMARY     WINDING        N    TURNS 
/ONE  TURN  PER    inch    LENGTH 

QOQOOnnnnnnn,...  .  CUKOtToaarn 


Figs.  13,  14,  and  15.    Schematic  Diagrams  for  Deriving  Mathe- 
matical Expressions  for  Current  and  Voltage 

the  steel  cylinder  (which  is  a  one  turn  short- 
circuited  secondary)  would  be  opposite  in 
direction  to  the  current  flowing  in  the  pri- 
mary. If  the  mutual  induction  were  perfect 
and  the  secondary  resistance  were  zero,  the 
current  per  inch  length  of  the  cylinder  would 
also  be  equal  to  the  current  flowing  in  the 
primary.  Let  /  be  the  current  in  amperes 
flowing  through  the  primary  winding,  and 
let  N  be  the  number  of  turns  in  this  winding. 
Then  the  current  in  amperes  per  inch  axial 

length  of  the  coil  is  5/,  =  -=- ,  where  L  is  the 

length  of  the  cylinder  in  inches.     The  current 

in  amperes  per  inch  length   induced   in   the 

XI 
cylinder  (secondary)  will  be  5s  =  K'~j—,  where 

A.  is  a  coefficient  depending  upon  the  mutual 
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induction.  The  current  induced  in  the  cyl- 
inder flows  near  the  surface  of  the  cylinder 
(within  a  fraction  of  an  inch)  due  to  the  well 
known  screening  effect  of  an  alterna  inj 
current  m  -nv  uive  magnetic  materials.  It 
follows  that  tion  wrrcnt  density  in  the  cylinder 
is  maximvo  devisaiie  surface  and  deer 
rapidly  airppararpth  increases.  The  approx 
imate  variiisiOiarg'tcurrenl  density  with  the 
depth  is  sh<i,-.n  ,  i,-  i?ig,  14. 

Now  consider  th(  .total  RP  loss  to  be  con- 
centrated inll?l.  surface  laver  of  the  cylinder 
The  resistaiofc  oj  this  layer  will  be  an  equiv- 
alent resisting,  as  far  as  loss  is  concerned, 
of  such  a  value,  which  when  multiplied  bj 
the  square  of  the  total  current  in  the'cvlinder 
will  give  the  total  RP  loss  in  the  cylinder 
Let  the  depth  d,  in  inches,  of  this 'surface 
layer  be  the  depth  of  penetration. 

Let  AB,  Fig.  15,  be  a  portion  of  the  cylinder 
whose  height  is  equal  to  the  depth  of  pene- 
tration d,  whose  upper  base  is  one  square 
inch  of  cylinder  surface,  and  whose  lateral 
edges  are  radial  lines.  The  length  of  the 
current  path  in  this  portion  is  one  inch,  and 
the  area  of  the  current  path  is  d  square  inches. 
Therefore,   the  resistance  which  the  portion 

AB  offers  to  the  current  flow  is  4  where  p  is 

0 
the  resistivity  of  steel  in  ohms  per  inch  cube. 
The    loss    p,    in    watts,    in    this    portion    is 

Let  A   be  the  area   of   the 


-KktJ 


cylinder  face,  in  square  inches,  over  which 
the  primary  is  closely  and  uniformly  wound. 
Then  the  total  loss  in  the  cylinder  is' 


P- 


lf_P 


/  = 


Let 


\  0  K 


A    \ 


Then 


\p~f^  =  ^    (admittance  coefficient) 


/=) 


■I    IE 
\  \    ! 


(2) 


Calculation  of  the  Depth  of  Penetration 

The  admittance  coefficient  in  equation  (2) 

1S  Y  =  \~p~K'  wherc  d  is  the  depth  of  penetra- 
tion in  inches,  p  is  the  resistivity  of  steel  in 
ohms  per  inch  cube,  and  K  is  a  coefficient 
depending  upon  the  mutual  induction.  The 
value  of  Y  has  been  found  by  experiment, 
and  since  p  is  known,  and  the  value  of  A'  can 
be  assumed,  it  follows  that  the  value  of  d 
can  be  approximated. 

For  example,  take  the  12-pole,  6000-kv-a., 
500-r.p.m.  spider,  Fig.  1  and  Fig.  8.  At  a 
primary  current  of  1 1)1)0  amperes  at  (id  cycles 
per  second  V'=  110. 

0  =  5.6  X  10-6     Assume  K  =  0.7 


*-u 


\d  =  0.039  inch 


Values  of  depth  of  penetration  obtained 
in  this  way  on  the  same  spider  at  various 
frequencies  indicate  that  the  depth  of  pene- 
tration varies  inversely  as  the  square  root 
of  the  frequency  and  practically  agree  with 
the  values  given  by  Dr.  C.  P.  Steinmetz  in 
"Theory  and  Calculation  of  Transient  Elec- 
tric Phenomena  and  Calculations." 
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A  Generator  for  Making  Lightning 

By  J.  L.  R.  Hayden  and  N.  A.  Lougee 

General  Engineering  Laboratory,  General  Electric  Company  .> 

The  phenomena  attending  a  lightning  discharge  has  many  factors  such  as  voltage,  r  .  ' ,  wave  shape, 
etc.,  which  have  been  the  subject  of  much  study  by  engineers.  The  apparatus  we  dtnc'  Winti  this  article 
bids  fair  to  give  more  definite  knowledge  concerning  these  phenomena  than  we  have  been  unrl  cjnbtain  here- 
tofore.    Its  probable  value  to  the  engineering  world  is  very  great. — Editor. 


Dr.  Steinmetz's  camp  on  the  Mohawk 
River,  above  Schenectady,  was  recently 
struck  by  lightning.  There  is  a  tree  over- 
hanging the  camp;  the  lightning  struck  this 
tree,  tearing  the  bark  from  the  upper  portion 
and  then  jumped  to  the  camp,  where  it 
divided.  One  branch  passed  to  ground  through 
one  of  the  8  in.  by  Id  in.  posts  forming  the 
front  of  the  camp,  tearing  off  large  splinters. 
The  other  branch  shattered   a  window  and 


,,  an  "xp- 

crests.  From  this  lighti.%  Jrci  t  the  light- 
ning then  discharged  through,  a1  number  of 
paths,  shattering  or  tearing  blisters  from 
several  of  the  2  in.  by  4  in.  sujn  orting  posts 
of  the  camp,  a  screen  door,  ."''bed,  etc.  In 
the  bedroom,  the  lightning  jumped  from  a 
loose  end  of  wire,  connected  to  the  lighting 
circuit,  to  a  looking-glass  and  from  there  to 
ground.  It  shattered  the  glass  into  many 
pieces,    and    threw    these    across    the    room, 


Fig.  1.  Lightning  Generator;  high-tension  transformer  on  floor  at  left  behind  table,  kenotrons 
above,  glass  plate  condensers  at  the  side,  main  regulating  sphere  gap  (vertical)  in  front  of 
condensers,  racks  of  regulating  resistance  rods  immediately  beneath,  and  test  gap  on  barrel 
below 


then  jumped  to  the  camp's  local  lighting  cir- 
cuit which  is  fed  by  a  storage  batten-.  In 
this  local  lighting  circuit  apparently  a  sta- 
tionary high  frequency  oscillation  was  set  up. 
This  was  shown  by  the  destruction  of  some 
of  the  lamps  connected  into  the  circuit,  while 
other  lamps  located  between  these  were 
undamaged  and  so  showed  that  there  were 
low    voltage    nodes    between    high    voltage 


some  for  a  distance  of  over  20  feet.  As  far 
as  possible  these  pieces  were  collected  and 
fitted  together.  They  showed  a  curious 
marking  where  the  amalgam  had  been  partly 
burned  off  by  the  lightning  discharge. 

Dr.  Steinmetz  reached  the  camp  within 
twenty-four  hours  and  took  accurate  records 
and  photographs  of  the  effects  of  the  light- 
ning discharge. 
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Such  information  is  of  considerable  scien- 
tific interest.  Its  industrial  applications  in 
leading  to  better  means  of  protecting  buildings 
should  be  of  great  value,  but  the  most 
significant  use  for  any  additional  knowledge 
in  this  direction  will  be  in  enabling  electrical 
engineers  to  devise  better  means  of  protecting 
electrical  apparatus  and  electric  circuits  from 
lightning  discharges.  If  a  "lightning  gen- 
erator" could  be  built  which  would  be  capable 
of  reproducing  experimentally  the  observed 
effects  of  lightning  it  would  have  great  value 
as  a  means  of  testing  electrical  apparatus  and 
protective  devices  such  as  lightning  arresters. 
It  is  obvious  that  we  could  place  much  more 
confidence  in  protective  apparatus  tested  by 
such  means  than  is  at  present  possible  where 
our  methods  of  test  are  chiefly  based  on 
theoretical  reasoning. 

In  order  to  study  the  phenomena  of  light- 
ning and  the  high  power  high  voltage  tran- 
sients of  short  duration  which  occur  in  electric 

ULftJLftJLflJ 
|  OOOOOOOOOOOOOOOOOOOOOO0 1  Transformer 


Resistances 


Fig.  2.  Connection  Diagram  of  the  Lightning  Gen- 
erator as  Set  Up  for  Testing  with  or  without 
the  Addition  of  Dynamic  Current 

circuits  due  to  atmospheric  discharges,  or 
due  to  internal  causes,  it  was  necessary  to 
construct  a  high  voltage  condenser  of  very 
large  capacity  capable  of  discharging  instan- 
taneously a  very  large  amount  of  energy. 
Such  a  piece  of  apparatus  could  be  used  for 
testing  protective  apparatus  under  conditions 
equal  to  or  even  more  severe  than  the  condi- 
tions imposed  by  most  thunderstorms. 


The  apparatus  that  has  been  designed  and 
built  is  shown  in  Fig.  1 .  Fig.  2  is  a  diasram 
of  the  connections.  It  consists  essentially 
of  a  large  capacity  built  up  of  glass  plate  con- 
densers which  are  charged  to  a  constant  uni- 
directional voltage  by  a  set  of  kenotrons 
which  are  energized  by  an  alternating-current 
transformer.  These  kenotrons  discharge  over 
leads  of  negligible  resistance  and  of  the  lo 
possible  inductance  through  a  spark  gap  into 
the  desired  circuit  to  be  tested. 

Two  hundred  glass  plate  condensers  are 
arranged  in  two  racks  of  two  rows  each  to 
enable  them  to  be  conveniently  connected 
either  all  in  multiple,  or  with  two  groups  in 
series  with  100  in  multiple,  or  with  four  groups 
in  series  and  50  in  multiple,  thus  making  vari- 
ous voltages  available  for  testing  purposes. 

In  Fig.  1  the  transformer  and  kenotrons 
will  be  seen  in  the  foreground,  and  the  two- 
banks  of  condensers  at  the  side  of  them.  The 
main  regulating  sphere  gap,  G,  will  be  noticed 
in  front  of  the  condensers,  while  just  below 
this  gap  are  the  racks  of  resistance  R.  Just 
under  this  resistance  and  connected  across  it 
is  the  air  gap  used  for  measuring  the  voltage 
of  the  impulse.  It  will  be  seen  that  the  dis- 
charge circuit  is  made  as  short  as  possible  in 
order  to  have  the  inductance  a  minimum. 

The  capacity  per  plate  is  0.008  mf.  and  a 
single  plate  stands  about  30  kv.  before  it 
begins  to  flash  over  at  the  edge.  The  total 
capacity,  with  all  the  plates  in  multiple,  is 
therefore  1.6  mf.,  and  at  30  kv.  per  con- 
denser plate,  gives  the  stored  energy: 

W  =  Ice* 

=  ^X1.0X10-6X302X106 

=  720  Joules. 
The  minimum  inductance  of  the  leads  con- 
necting the  apparatus  is  estimated  at  0.016 
mh.  With  the  condenser  plates  connected 
4  in  series,  50  in  multiple,  giving  0.1  mf. 
capacity,  we  obtain  a  surge  impedance  of  the 
discharge  circuit  of: 


\l  _  lo.oif 


016X10-3 


X106 


12.6  ohms 


This  gives  a  maximum  discharge  of  9,500 
amperes  at  120,000  volts  corresponding  to  a 
momentary  maximum  of  over  a  million  kv-a. 
at  a  discharge  frequency  of: 

/= -;=.  =  126,000  cycles 

2WLC 

or,  in  a  damped  circuit,  (r  =  zo),  we  may  get 
a  single  impulse,  rising  to  120,000  volts,  4700 
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amperes,  or  a  quarter  million  kilowatts,  in 
2..".  microseconds,  and  vanishing  again  with 
the  same  rapi  00   ohms) ,   an 

impulse  rising   to    L20.000  volts  in  on< 
microseconds,    and    maintaining,    within    in 
per  cent  of  this  voltage  for  5  microseconds,  at 
300  amperes  discharge  current. 

A  most  difficult  problem  was  to  find  a 
resistance  for  controlling  the  amount,  charac- 
ter, rate  and  duration  of  the  discharge.  Such 
a  resistance  must  be  practically  non-induc- 
tive, and  must  be  capable  of  absorbing  a 
amount  of  energy  at  a  vcrv  high  rate,  without, 
appreciable  change.  High  resistance  wire 
resistors  were  excluded  because  of  their  in- 
ductance. The  various  graphite  or  carbo- 
rundum clay  mixtures  were  unsuitable,  on 
account  of  their  negative  voltage  and  cur- 
rent characteristics.  A  reasonably  satisfac- 
tory resistance  was  finally  found  in  cast 
silicon  rods.  A  cast  silicon  rod  10  in.  long 
and  0.22  in.  diameter,  measured  about  6  to  8 
ohms  each.  The  terminal  connection  is  made 
by  thin  sheet  iron  caps,  which  are  shrunk  over 
the  ends  at  red  heat,  the  steel  and  silicon 
welding  together  at  this  temperature.  While 
such  silicon  rods  are  rather  fragile  mechan- 
ically, and  have  to  be  handled  carefully,  they 
have  proven  to  be  relatively  the  most  satis- 
factory. Their  resistance  decreases  with  an 
increase  of  temperature,  that  is,  they  have  a 
negative  temperature  coefficient;  but  the 
resistance  does  not  change  permanently  even 
if  they  become  red  hot,  provided  that  the 
terminal  connections  do  not  change. 

The  arrangement  shown  in  Fig.  2  permits 
testing  apparatus  against  suddenly  applied  im- 
pulse voltages  of  any  desired  duration,  steep- 
ness and  voltage.  These  may  occur  during  a 
thunder  storm  whenever  a  lightning  flash  in 
the  clouds  equalizes  the  electric  stresses  in  the 
cloud,  and  thereby  sets  free  the  bound  electro- 
static charge  of  the  line  which  was  held  by  the 
charge  of  the  thunder  cloud,  and  thereby 
suddenly  impresses  a  high  voltage  on  the 
line.  Assuming,  as  estimated  by  Dr.  Stein- 
metz,  20,000,000  volts  as  the  average  po- 
tential changes  in  the  thunder  cloud,  the 
voltage  produced  on  the  line  by  the  setting 
free  of  its  bound  charge  is  as  large  a  part  of 
the  cloud  voltage  as  the  height  of  the  line 
is  of  the  height  of  the  cloud.  With  an  esti- 
mated height  of  the  lower  surface  of  the 
thunder  cloud  as  1000  meters,  and  6  meters 


as  the  height  of  line,  the  line  charge  would 
be: 

y^X20X106=120kv. 

At  this  voltage  the  lightning  generator  gives 
a  capacity  about  equal  to  that  of  S000  feet  of 
primary  distribution  circuit. 

Usually  four  condenser  sections  in  series 
are  use!  as  shown  in  Fig.  2  by  ( 'i,  6"2,  C3,  C4. 
to  permit  using  120  kv.  as  was  estimated 
to  be  about  correct.  The  condenser  C  is 
shunted  through  a  sphere  gap  G 
fixes  the  condenser  voltage  at  the  moment 
of  discharge,  and  by  a  non-inductive  re- 
sistance R,  consisting  of  a  number  of 
frames  of  silicon  rods.  By  tapping  across 
various  parts  of  the  resistance  R,  different 
fractional  voltages  of  constant  duration  ami 
wave  shape  are  derived,  and  by  varying  the 
resistance  R,  the  duration  of  the  voltage  is 
changed.  By  measuring  these  fractional 
voltages  of  known  duration,  by  various  types 
of  gaps,  in  air  and  in  oil,  information  on  the 
time  lag  of  the  discharge  of  these  gaps  is 
derived. 

As  an  illustration  of  the  use  of  this  lightning 
generator  in  testing  lightning  arresters,  may 
be  mentioned  that  it  has  already  been  the 
means  of  obtaining  valuable  information  in 
regard  to  the  marked  effect  that  the  static 
spark-over  of  the  arrester  has  on  the  dynamic 
following  the  static.  Often  lightning  arresters 
have  been  tested  by  connecting  them  into  a 
circuit  of  suitable  voltage  and  sufficient  power, 
and  then  sending  a  static  spark  through  the 
lightning  arrester,  and,  if  the  dynamic  charge 
does  not  follow  the  static,  or  is  opened  at  the 
end  of  the  first  half  wave,  the  arrester  has 
been  considered  satisfactory.  Tests  with  the 
lightning  generator,  however,  show  that  the 
dynamic  current  and  voltage  which  a  light- 
ning arrester  can  open,  depends  to  a  consider- 
able extent  on  the  energy  of  the  static  dis- 
charge which  precedes  the  dynamic.  With 
the  full  power  discharge,  combinations  of 
spark  gaps  and  shunting  resistances  may 
fail  to  open  the  dynamic  current  following 
the  discharge,  although  the  same  combina- 
tions opened  it  safely  with  a  static  impulse 
of  less  energy  and  equal  dynamic  power  at 
even  higher  voltage.  This  may  account  for 
the  failure  of  some  types  of  arresters  in  serv- 
ice which  had  appeared  satisfactory  in  labo- 
ratory test. 


Genelite:     An  Improved  Bearing  Alloy 

By  E.  G.  Gilson 
m;i  n  Laboratory,  General   I  *panv 

The  ideal  bearing  metal  would  be  one  which  would  operate  dry  with  results  comparable  with  those  that 
are  now  obtained  by  proper  lubrication.  Such  a  highly  desirable  bearing  material  seems  impossible  of  reali- 
zation and  the  next  best  thing  is  a  bearing  metal  which  will  not  seize  nor  score  when  bi  ices  are 
permitted  to  run  dry  through  negligence  or  accident.  Genelite,  a  m  '.raring 
material,  developed  by  the  Research  Laboratory  of  the  General  Electric  Company,  possesses  this  quali 
has  been  shown  by  numerous  tests.  A  short  description  of  the  composition  of  Genelite  and  its  characteristics 
are  given  in  this  article. — Editor. 

All  machinery  may  be  classed  as  a  com- 
posite of  rigid  members  moving  about  pivots 
or  bearings.  As  the  industrial  world  has 
progressed  and  developed,  the  importance 
of  its  bearings  to  any  given  machine  has 
become  more  and  more  emphasized. 

These  bearings  have  now  become  of  such 
importance  that  it  is  perhaps  safe  to  say  that 
a  large  proportion  of  all  machinery  is  designed 
around  them;  and  it  is  usually  at  the  bearings 
that  trouble  first  develops.  A  few  years  ago 
this  relative  importance  was  not  so  great,  and 


of  a  better  lubricant  or  a  better  method  of 
applying  it,  or  both 

The  new  bearing  metal  Genelite  is  a 
distinct  advance  b]    the  first  method. 

This  material  is  a  synthetic  bronze  of  high 
grade,  having  uniformly  distributed  through- 
out its  mass  approximately  40  per  cent  by 
volume  of  very  finelj  divided  graphite.  It 
is  made  by  thoroughly  mixing  the  finely 
powdered  oxides  of  the  metals  composing 
the  bronze  with  sufficient  graphite  to 
completely  reduce  them  and  leave  in  excess 


the  Powder;    7,  Bushing  after  Final  Bake;   .9,  Finished   Piece 


Bushing  Pressed  from 


users  in  general  were  educated  to  the  belief  that 
bearing  troubles  were  something  that  could 
not  be  helped — therefore  must  be  endured. 

However,  the  greatly  increased  strength 
of  modern  steel  alloys  created  a  desire  for 
greater  output  from  a  given  size  machine,  and 
the  resulting  increase  in  load  and  speed 
between  rubbing  surfaces  intensified  bearing 
troubles  and  focused  attention  on  the  need 
for  better  bearings. 

In  general  there  were  two  methods  of 
attacking  the  problem,  viz. :  first,  to  improve 
the  bearing  itself  either  by  design  or  through 
the  development  and  use  of  better  bearing 
metals,  or  both;  second,  to  improve  the 
lubrication  of  the  bearings  either  by  the  use 


of  this  amount  the  graphite''  content 
desired  in  the  finished  material.  This 
reduction  process  must  be  carried  on  at 
temperatures  below  the  melting  point,  and 
therefore  the  material  cannot  be  cast,  as 
are  ordinary  bronzes.  It  is  shaped  by  mold- 
ing under  high  pressure  while  still  in  powdered 
form.  As  the  powder  does  not  flow  readily 
under  pressure  it  is  necessary  to  use  a  com- 
plicated mold,  and  confine  this  operation  to 
only  the  simplest  shapes. 

Although  the  finished  material  has  the 
appearance  of  bronze,  it  cannot  be  machined 
easily  by  ordinary  methods,  as  it  rapidly 
dulls  the  cutting  tool.  It  does  grind  very 
easily,  however,  and  this  has  been  found  to 
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be  the  most  satisfactory  way  to  perform  the 
machining  operations. 

Genelite  has  not  the  physical  character- 
istics of  ordinary  bronze.  It  is  absolutely 
"dead"  when  struck;  it  has  comparatively 


} 


Vluqht 


-Oil Siphoned  Over 


Fig.  2.     Test  Demonstrating  Porosity  of  Genelite 

low  tensile  strength  and  elongation,  and  the 
ultimate  strength  and  yield  point  are  practi- 
cally identical  at  8000  lb.  per  sq.  in.  Under 
compression,  however,  it  will  withstand 
50,000  lb.  per  sq.  in. 


by  thinking  of  a  metallic  sponge  having 
graphite  particles  firmly  held  or  clamped 
within  its  pores.  In  this  connection  it  should 
be  remembered  that  the  graphite  is  so 
securely  held  that  it  cannot  escape  except 
by  disintegration  of  the  whole  mass. 

The  porosity  is  such  that  the  material  will 
absorb  from  2  to  3  per  cent  by  weight  of  oil. 
This  feature  is  well  illustrated  in  Fig.  2, 
which  shows  oil  being  siphoned  from  the 
upper  to  the  lower  vessel  by  capillarity 
through  the  Genelite  block  to  the  wick,  and 
by  the  wick  to  the  lower  vessel.  This  peculi- 
arity is  taken  advantage  of  in  some  practical 
applications,  as  will  be  mentioned  later. 

A  very  marked  advantage  that  Genelite 
lias  is  that  a  bearing  never  seizes,  as  this 
term  is  commonly  understood.  That  is,  the 
shaft  and  bearing  material  never  weld  or 
flow  together,  with  the  consequent  disastrous 
results.  This  self-lubricating  property  makes 
it  extremely  difficult  to  damage  a  Genelite 
bearing,  even  though  the  oil  supply  is  stopped 
for  a  considerable  length  of  time.  This  prop- 
erty makes  it  possible  to  operate  Genelite 
with  a  minimum  supply  of  oil,  and  it  is  taken 
advantage  of  in  many  applications,  such  as 
in  tilting  motors,  where  the  standard  oil  ring 
practice  cannot  be  used,  because  the  oil  will 
run  out  of  the  bearings  when  tilted.  In  this 
case,    by    providing    an    oil-tight    space    or 


a  U     V 


Fig.  3.  Crank  Pins  and  Main  Eearings  of  an  Automobile  After  20,000  Miles  Service.  Connecting  Rod 
Bearings  Equipped  with  Genelite.  The  main  beatings  showed  decided  wear,  while  the  crank  pins 
were  barely  polished  and  the  connecting  rod  bearings  had  not  come  to  a  full  seat 


These  characteristics  are  explained  by  the 
structure  of  Genelite,  which  is  not  like  that  of 
the  metals  or  alloys,  but  is  of  a  porous  nature. 
The  best  conception  of  it  is  perhaps  obtained 


receptacle  in  the  housing  on  the  outside  of  the 
bushing,  and  means  whereby  the  oil  is  kept 
in  contact  with  the  bushing,  capillarity' will 
carry   sufficient  oil   to  the  bearing'  surface. 
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Another  application  of  this  same  sort  is  on 
high  speed  spindles.  In  such  places  too 
much  oil  is  a  detriment,  and  the  method 
outlined  above  works  extremely  well.  In 
one  place  it  was  found  that  by  using  Genelite 
in  this  manner  the  hardened  steel  shaft  that 
was  formerly  used  could  be  replaced  by  a  soft 
steel  shaft,  the  oil  consumption  reduced  over 
one-half,  and  the  care  of  cleaning  and  truing 
the  bearings  reduced  to  nil.  This  freedom 
from  wear  of  both  bearing  and  journal  in  this 
and  many  other  tests  under  actual  service 
conditions  demonstrates  one  of  the  most 
marked  advantages  of  this  new  material. 


Genelite  may  be  used  as  a  self-lubricating 
bearing  in  places  where  such  use  is  a  necessity. 
But  applications  of  this  sort  should  not  be 
compared  with  properly  lubricated  bearings; 
compared  with  other  self-lubricating  materials 
it  gives  exceptional  results. 

<  >\\  ing  to  its  spongy  structure  it  is  advan- 
tageous to  give  Genelite  a  greater  allowance 
for  press  fits  than  is  customary  with  other 
materials;  also  it  need  not  be  held  to  such 
close  limits.  In  most  applications  a  greater 
clearance  on  running  fits  is  beneficial,  and 
this  increased  clearance  is  not  productive 
of  noise. 


Calculation  of  Synchronizing  Power 

By  E.  S.  Henningsen 
Alternating-curreni  i     Gi  peering  Department,  General  Electric  Company 

In  introducing  this  article  the  author  calls  attention  to  the  fact  that,  in  order  to  avoid  ambiguity  the 
use  ot  the  term  'synchronizing  power"  must  be  accompanied  by  a  statement  of  the  conditions  concerned  be- 
cause as  yet  there  is  no  universally  accepted  definition  of  the  term.  He  also  points  out  that  confusion  is 
almost  certain  to  result  from  the  neglect  in  any  particular  case  to  determine  carefully  just  which  of  the  sev- 
eral powers  exchanged  is  the  synchronizing  power.  Assuming  two  generators  running  in  parallel  through  a 
tie  line  and  pulled  apart  by  a  fixed  angle,  he  analyzes  the  operation  under  three  generator  conditions-  con- 
stant bus  potential;  constant  virtual  voltage  (constant  magnetic  flux);  and  constant  nominal  voltage  (con- 
stant held  excitation).  For  each  of  these  he  deduces  thoroughly  useful  formulas  for  synchronizing  power 
and  later  discusses  their  application  in  practice. — Editor. 

P«.  Which  one,  or  what  combination,  of  these 
is  the  synchronizing  power?  To  draw  an 
analogy  we  might  consider  Pu  P2|  and  P3  are 
links  in  the  chain  that  holds  the  two  genera- 
tors in  synchronism,  and  our  principal  in- 
terest in  the  problem  is  the  determination 
of  the  strength  of  the  weakest  link,  that  is, 
the  maximum  power  at  the  point  where  the 
two  generators  or  systems  break  out  of 
synchronism. 

For  example,  suppose  a  single  generator 
is  operating  in  parallel  with  a  large  bus  and 
the  generator  drops  behind  in  phase  due  to 
its  prime  mover  slowing  down.  Obviously. 
the  power  lost  in  the  line  between  the  bus 
and  the  generator  is  not  part  of  the  power 
that  tends  to  accelerate  the  generator  and 
so  keep  it  in  step.  Hence  the  weakest  link 
in  the  chain  is  P2,  the  power  received  at  the 
generator  terminals.  Assume  now  that  the 
prime  mover  speeds  up  and  the  generator 
takes  a  position  ahead  in  phase.  It  is  equally 
evident  that  Pi  is  now  the  power  that  acts 
against  the  accelerating  force  of  the  prime 
mover  tending  to  keep  the  generator  from 
pulling  out  of  step.  Hence  Pi  or  P2  may  be 
considered  as  the  synchronizing  power  de- 
pending on  whether  the  generator  is  assumed 
to  be  speeded  up  (ahead  in  phase),  or  slowed 
down  (behind  in  phase). 

The  average*  of  Pi  and  P2  or  P4  is  often 
used     in    calculations    of    power    exchange 


The  term  "synchronizing  power"  is  used 
rather  indiscriminately  by  engineers  to  mean 
either  the  power  P  that  is  exchanged  between 
alternators  operating  in  parallel  (when  pulled 

d  P 
apart   by   an  angle  9)    or   -j— ,   the  rate   of 

a  9 
change  of  that  power  per  degree  change  in 
the  angle.  The  result  is  considerable  con- 
fusion unless  the  term  is  accompanied  by  a 
definition.  Without  attempting  to  argue 
which  of  these  points  of  view  is  the  better, 
it  would  seem  that  the  term  "synchronizing 
power"  should  applv  only  to  the  power  ex- 

d  P 

changed  and  that  -r-rr  should  be  given  an- 
d  9 

other  name.  Since  the  latter  is  more  of  the 
nature  of  a  coefficient,  it  might  for  instance 
be  called  "synchronizing  coefficient"  or 
"synchronizing  power  coefficient.  "  The  ques- 
tion of  definition  is  one  that  should  be  settled 
by  the  A.  I.  E.  E.  Standardizing  Committee. 

There  is  also  some  confusion  regarding  just 
what  power  exchange  is  the  synchronizing 
power.  For  instance,  suppose  two  alterna- 
tors in  parallel  through  a  tie  line  are  pulled 
apart  by  an  angle  9.  There  is  then  a  power v 
output  Pi  of  the  machine  which  is  ahead  in 
phase,  the  power  input  Pi  to  the  machine 
which  is  behind  in  phase,  P3  the  power  lost 
in  the  tie  line,  and  P4  the  average  of  Pi  and 

*  "Stability  of  High-power  Generating  Stations,"  by  Dr.  C.  P. 
Steinmetz.  Proc.  A.I.E.E..  June,  1920. 
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although  it  has  no  real  meaning.     It  bee  uni 
very   useful   in   investigating    the   conditions 
after  '  ive  broken  out  of  syn- 

chronism and  are  slipping  by  cadi  oilier  be- 
cause symmetrica  ons  may  be  thus 
obtained  which  greatly  simplify  the  calcu- 
lations.  The  error  in  olved  in  using  the 
,c  power  is,  of  course,  proportional  to 
the  resistance. 


Fig.  1.  Vector  Diagram  of  Two  Alternators 
with  Constant  Bus  Potential,  Paralleled 
Over  a  Transmission  Line  and  Pulled 
Apart  by  the  Angle  9 

No  attempt  has  been  made  in  this  article 
to  consider  conditions  other  than  those  of 
steady  strain,  the  equations  derived  applying 
only  up  to  the  break-out  point  and  assume 
steady  conditions  for  each  value  of  displace- 
ment angle. 

In  the  derivation  of  the  equations  for  Pi, 
P2,  P3,  and  Pi,  three  general  operating  con- 
ditions have  been  assumed:  First,  constant 
bus  potential;  second,  constant  magnetic  flux 
in  the  generators;  and  third,  constant  field 
excitation.  The  equations  for  these  different 
conditions  are  all  of  the  same  form,  the  only 
difference  being  the  values  of  voltage  and 
impedance  that  are  used  in  each  case. 

Fig.  1  shows  the  vector  diagram  assuming 
two  generators  with  constant  bus  potential 
paralleled  through  a  transmission  line  and 
pulled  apart  by  an  angle  6. 

Eti  =  terminal  voltage  of  generator  No. 

1,  assumed  to  be  ahead  in  phase. 
Et*  =  terminal  voltage  of  generator  No. 

2,  assumed  to  be  behind  in  phase 
Zs  =  resultant  of  En  and  En 

9  =  displacement   angle   between   gen- 
erators 


Io  =  current  flowing  as  a  result  of  volt- 

tl  =  resistance  of  the  line  between  gen- 
erators 
Xl  =  reactance  of  the  line  between  gen- 
erators 

Cos  /3  =  power-factor   of   circuit   of   imped- 
ance Z 
T\  =  angle  between  En  and  70 
r2  =  angle  between  En  and  I0 

K  =  ratio  =— 
En 

The  synchronizing  power  tending  to  hold 
in  step  generator  No.  1  which  is  ahead  in 
pha  £  is: 

Pi=ETlIoCOSTl  =  Erf 

[cos  13-K  cos  (e+|8)]     (1) 
The  synchronizing  power  tending  to  hold 
in  step  generator  Xo.  2  which  is  behind   in 
phase  is: 

Pi  =  En  h  cos  To  =  —^~ 

[-^cos(e-/3)-cos/3l      (2) 


nr 


Fig.  2.  Vector  Diagram  of  Two  Alternators 
with  Constant  Virtual  Voltage.  Paral- 
leled Through  a  Transmission  Line  and 
Pulled  Apart  by  an  Angle  6 

The  power  lost  in  the  tie  line  between  the 
generators  is: 

En2 


P3  =  Pi-P2  =  - 


Z 

[cos  p  (1  -2  K  cos  G+A.'2)]     (3) 
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The  average  power  is: 

P4=|(JP1+JP2)=^ 

[2  K  sin  9  sin  *3+eos  0(1-  K2)]     •  I 
The   maximum   value   of   Pi   occurs   when 
0  =  180-/3  and  is: 

Err 
Z 
The   maximum   value 


Maximum  Pi  ■ 


[cos|3  +  A] 

i  if    P,    OCCUrS    whin 


Et? 
=  ~Z~ 

value 


[i-cos/3] 


:-COS/3|  Hi 

P3   occurs    when 


Maximum  P4  = 


0  =  0  and  is: 

Maximum  P2 

The  maximum 
9  =  1S0  and  is: 

Maximum  P3  =  -|L  cos /3  (1+2K+K*)  (7) 

£na 
"  2Z 

[2 A"  sin  /3  +  cos  j3  ( 1  -  A.' 2)  ]     (8) 
The  second  assumed  condition   of  opera- 
tion,  that  of   constant  virtual  voltage,   i.e., 
constant   magnetic  flux  in  the  generators   is 
represented  by  the  vector  diagram,  Fig.  2. 
Ec\  =  virtual  voltage  corresponding  to  the 
magnetic  flux  of  generator  No.    1, 
assumed  to  be  ahead  in  phase 
Ec2  =  virtual  voltage  corresponding  to  the 
magnetic  flux  of  generator  No.  2, 
assumed  to  be  behind  in  phase 
E  =  resultant  of  Eg\  and  Egi 
r\  =  resistance  of  generator  No.  1 
r2  =  resistance  of  generator  No.  2 
A':  =  leakage  reactance  of  generator  No.  1 
A*2  =  leakage  reactance  of  generator  No.  2 
Zi=rl+r2+rL+j(Xl+X2+XL) 
Other  quantities  are  as  in  Fig.  1. 
The   equations  for  the   condition   of   con- 
stant magnetic  flux  are: 


P>  = 


P2  = 


P«  = 


Eel 
Z, 

AW 
Z, 

Ecy 

Z 

Ac2 

2Z 


cos/3-A  cos  (0+/3) 


f  cos  (0  —  j3)  —  cos  $ 


(9) 


(10 


eos/3(l-2Acos9  +  A2)  I    (11) 


2  A  sin  9  sin  /3+cos/3 


(1-A2)J      (12) 

Fig.  3  shows  the  vector  diagram  assuming 
the  third  condition  of  operation,  that  of 
constant  nominal  voltage,  i.e.,  constant  field 
excitation  on  the  generators. 


e0i=norj  a     fictitious 

elei  1 1 iti   1     Eorc      vhich    is  pro- 
Tin- 
curve    of     nominal     electromotive 
line    passing 
through  zero  and  th<    noi  mal  volt- 
curve) 
(?oj  =  nominal  voltage  of  generator  Xo.   2, 

behind  in  phase 
A'si=efi< .  1 1  .     reactance   of   armature   re- 
action of  No.  1  generator 

lance    of    armature    re- 
action nf  Ni  1   l1  generator 
Z2  =  r1+r.,+rz.+/(X1+Xsl+XL+X2+A:s2) 
Other  quantities  are  as  in  Fig 


Fig.  3.  Vector  Diagram  of  Two  Alternators  with 
Constant  Nominal  Voltage,  Paralleled  Over  a 
Transmission  Line  and  Pulled  Apart  by  an 
Angle  6 

The  equations  for  this  case  are: 


p  _*or 

cos  p-K  cos  (9-/3) 

(13) 

p_ei2 

p*~z2 

-jP  cos  (9  —  /3)  —  cos  /3 

(14) 

„2 

p  _*oi 

cos  /3  (1-2  A  cos  9+ 

,1 

(15) 

2Z2 


2A'sin9sin/3+cos/3(l-A2)  I  (16) 
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It  will  lit-  seen  that  under  any  of  the  three 
assumption  the  equations  have  the  same 
form,  the  only  difference  being   the  voltage 

and  imp:  .1. mm  i  in  I.  used.  The  voltagi  in 
ase  is  of  course  that  voltage  which  is 
assumed  tu  be  constant  as  the  machines  are 
pulled  apart,  and  the  impedance  is  that  ovei 
which  the  resultant  of  the  constant  vol 
acts.  If  the  terminal  voltage  is  used,  the  impe- 
pedance  is  only  that  of  the  line.     If  the  virtual 
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question  as  to  when  to  use  constant  field 
excitation.  The  condition  of  constant  1ms 
potential  obtains  when  the  generator  ca- 
pacities are  large  and  the  impedance  of  the 
tie  line  high  enough  so  that  with  automatic 
ulators  the  voltage  can  be  held 
up  as  the  load  transfer  over  the  line  is  in- 
creased. If  the  swings  of  load  are  very  rapid 
the  condition  approaches  that  of  sudden 
short  circuit,  that  is,  the  flux  in  the  generator 
remains  practically  constant,  but  the  ter- 
minal voltage  and"  field  current  both  van'. 
It  might  also  be  assumed  that  there  would  be 
cases  where  the  capacity  of  the  generator 
was  not  large  enough  in  proportion  to  the  tie 
line  to  keep  the  voltage  up,  and  where  the 
automatic  voltage  regulator  would  put  on 
the  field  excitation  at  such  a  rate  as  to  main- 
tain approximately  constant  flux. 

Under  these  three  operating  conditions, 
therefore,  the  variation  in  the  amount  of 
synchronizing  power  that  is  obtained  is 
very  great  and  is  illustrated  in  Fig.  5,  which 
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voltage  is  used,  the  impedance  must  include 
the  leakage  reactance  of  the  generators  as  well 
as  that  of  the  line ;  and  if  the  nominal  voltage 
is  used,  the  effective  reactance  of  armature 
reaction  is  included  in  addition  to  the  genera- 
tor leakage  reactance  and  the  line  impedance. 
In  the  application  of  these  formulas  to 
practical  cases,   there   can   of  course  be  no 


gives  the  calculated  values  of  synchronizing 
power  against  dropping  out  of  step  due  to 
the  slowing  down  of  one  generator  for  an  in- 
stallation consisting  of  two  12,000-kv-a.  gen- 
erators. If  the  generators  are  hand  controlled 
and  the  field  setting  is  that  of  Curve  C,  then 
if  the  machines  are  suddenly  pulled  apart  by 
an  angle  6  and  held  there,  the  synchronizing 
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power  would  start  out  as  Curve  B  and  grad- 
ually, as  the  flux  could  change  to  adjust 
itself  to  a  steady  condition,  would  reduce  to 
Curve  Cat  a  rate  depending  upon  the  time 
constant  of  the  generator.  With  voltage 
regulators  instead  of  hand  control,  the  power 
received  is  represented  by  Curve  IK  Ob- 
viously, in  this  case,  constant  bus  potential 
could  not  be  maintained  to  the  limit  of  syn- 
chronizing power. 

Fig.  4  shows  the  variation  in  P,,  P2,  P3, 
and  P4  when  K  =  1  for  three  different  im- 
pedance angles:  0  =  90;  13  =  60;  and  /3  =  0. 
The  coefficient  C  is  the  bracket  term  of 
equations  (13),  (14),  (15)  and  (16).  When 
considering  the  curve  of  Ph  positive  values 
of  C  represent  power  delivered  and  negative 
values  of  C  represent  power  received.  For 
the  curve  of  P2,  positive  values  of  C  repre- 
sent power  received,  negative  values  of  C, 
power  delivered.  Wrhen  cos  /3  =  0,  Pi  and  P2 
are  equal  since  there  is  no  loss  in  the  line. 
When  cos  (3  =  1  (which  of  course  can  only 
occur  on  the  assumption  of  constant  terminal 
potential),  an  inspection  of  the  equation  for 
P2  will  show  that  if  A'  =  1  there  can  be  no 
power  delivered  to  generator  No.  2,  hence 
if  the  circuit  contains  resistance  but  no  re- 
actance, there  can  be  no  synchronizing  power 
(See  also  Fig.  Ij).     However,  if  K  is  less  than 
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one,  that  is,  if  the  voltage  of  the  lagging 
machine  is  less  than  that  of  the  leading  ma- 
chine, then  the  synchronizing  power  is  no 
longer  zero. 

In  this  connection  it  might  be  noted  on 
the  assumption  of  two  alternators  paralleled 
over  a  line  containing  only  resistance,  that 


with    constant    and  equal   b  Itages 

the     synchronizirj  would    be    zero; 

while  with  equal  field  excitation,  since  the 
reactance  oi  the  machines  comes  into  the 
equation,  the  synchronizing  power  ma)  I"-  a 
considerable  quantity.  Hut  with  equal  ter- 
minal voli.i  (  1,1  excitation  or  nom- 
inal electromotive  forces  are  not  constant; 
the  line  current  being  in  phase  with  the  re- 
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sultant  of  the  terminal  voltages  demagnetizes 
the  lagging  and  magnetizes  the  leading  gen- 
erator. The  result  is  that  the  ratio  of  nominal 
electromotive  forces  is  such  that  the  syn- 
chronizing power  is  also  zero  when  calculated 
on  this  basis.  If  on  the  other  hand,  the 
nominal  electromotive  forces  are  maintained 
equal  and  constant  and  the  line  contains 
only  resistance,  the  terminal  potentials  do 
not  remain  constant,  but  that  of  the  lagging 
generator  becomes  less  than  that  of  the  lead- 
ing generator.  Hence  K  is  less  than  unity 
and  the  synchronizing  power  will  be  the  same 
whether  the  nominal  or  terminal  electro- 
motive forces  are  used  in  the  calculation. 

Investigating  P2  for  maximum  conditions 
it  will  be  found  that  for  a  given  value  of 
Z,  P2  is  a  maximum  when  r  =  0;  for  a  given 
value  of  X,  P2  is  a  maximum  when  r  =  0; 
and  for  a  given  value  of  r,  which  is  the  usual 
condition  in  practice,  P2  is  a  maximum 
when  y  =  rv/4/C!-l.  If  the  voltages  of  the 
two  machines  are  equal,  P2  is  a  maximum 
for  a  given  value  of  r  when  X  =  \/iTr.  Fig. 
6  shows  the  variation  in  maximum  syn- 
chronizing power  P2  when  K  =  1 ,  for  different 
ratios  of  X/r,  assuming  a  constant  value 
of  r;  and  Fig.  7  shows  the  variation  when  a 
constant  value  of  X  is  assumed. 

The  maximum  power  P3  lost  in  the  line 
occurs  for  a  given  value  of  Z  when  X  =  0\ 
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and  for  a  given  value  of  X  when  X  =  r. 
The   maximum   value 

Pi  occurs  for  a  given  value  of  Z  when  r  =  0; 
and  for  a  given  value  of  r  when  A'  =  r.  The 
maximum    value  i 

/\'  =  1)  occurs  for  a  given  value  of  Z 
when   A*  =  0;  for  a  given    value   of   A*   when 
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r  =  A*/\/lF;  and  for  a  given  value  of  r  when 
A'  =  0.  Figs.  8  and  Fig.  9  show  respectively 
the  variation  in  maximum  P\  (when  A'  =  1 ) 
for  constant  r  and  varying  X  and  constant  A 
and  varying  r. 

Conclusions 

The  term   "synchronizing    power"   should 
be  used  to  mean  the  power  exchange;   and 

d  P 

,  A,  the  rate  of  change  of  that  power,  should 
a  9 

be  given  another  name.  Also  it  is  necessary 
to  specify  whether  synchronizing  power 
against  speeding  up  or  slowing  dowm  is  meant, 
since  these  two  values  are  different  by  the 
loss  in  the  line  between  the  machines.  Since 
for  power-factors  less  than  unity  the  power 
received  by  the  generator  which  is  behind 
in  phase  (Pi)  is  less  than  the  power  delivered 
when  the  machine  tends  to  speed  up  or  ad- 
vance in  phase  (Pi),  it  would  seem  that  in 
practical  calculations  P«  should  be  considered 
the  synchronizing  power.  The  equations 
developed  in  this  article  are  all  for  single- 
phase  values  of  voltage  and  impedance  (line 
to  neutral):  and  for  three-phase  operation, 
the  calculated  power  should  of  course  be 
multiplied  by  three.  In  applying  them  to  a 
practical  case,  the  operating  conditions  must 
be  investigated  to  determine  what  particular 


electromotive  force  may  be  assumed  to  be 
constant.  The  impedance  to  be  used  is  the 
total  impedance  across  which  is  impressed 
-ultant  of  the  assumed  constant  volt- 
ages of  generators  Xo.  1  and  No.  2.  Tin- 
synchronizing  power  Will  be  a  maximum  for 
a  given  value  of  resistance  when  the  reactance 
of  the  chosen  circuit  equals  \/i  K2  —  l  times 
sistance. 
It  is  difficult  to  say  just  what  valu 
synchronizing  power  is  necessary  for  sat- 
isfactory parallel  operation  since  so  many 
variable  factors,  due  to  operating  conditions, 
into  the  problem.  E.  C.  Stone,  in 
the  August,  1919,  A.  I.  E.  E.  Proceedings 
recommends  a  synchronizing  power  equal  to 
the  kilowatt  capacity  of  the  smaller  plant 
to  be  paralleled  where  the  load  fluctuations 
are  a  relatively  small  percentage  of  their 
capacity,  and  one  and  one-half  times  the 
kilowatt  capacity  of  the  smaller  plant  where 
the  load  fluctuations  are  relatively  large. 
This  seems  to  be  a  safe  figure  since  cases  of 
successful  operation  can  be  found  where  the 
calculated  synchronizing  power  is  consider- 
ably less.  It  is  hoped  that  tests  will  be  made 
and  reported  on  in  the  future  which  will  give 
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more  data  on  the  operation  of  alternators 
when  paralleled  through  various  amounts 
of  resistance  and  reactance  and  the  amount 
of  synchronizing  power  necessary  for  stable 
operation. 


957 


Accounting  for  Steam  Consumption* 

By  A.  R.  Smith 

Construi  noN  Engineering  Depari  rai    ti<   Company 

Mr.  Smith  advocates  the  conduct  of  a  steam  generating  plant  according  to  the  principles  that  are  observed 
in  the  conduct  of  all  other  well  managed  bu:  inesses,  thai  is,  to  keep  a  strict  accounting  of  all  steam  that  is 
generated  and  consumed.     It  is  only  by  comparison  of  th.  ucics  may  be 

detected  and  the  most  economical  operation  effected.     Tl  .imply  one  of  metering  (he  boiler  feed 

water  and  the  delivered  steam  and  tabulating  these  amounts  in  such  form  as  to  permit 

of  performance.     Mr   Smith  recommends  the  foi  m  for  this  balance  sheet  and  em  hould 

be  entered  in  the  several  columns. — Editor. 

It  is  highly  essential  to  the  proper  conduct 
of  any  business,  whether  it  be  the  pro- 
duction, sale  or  distribution  of  a  commodity, 
that  a  statement  be  prepared  at  set  intervals 
for  the  purpose  of  striking  a  balance  between 
debit  and  credit  accounts.  An)'  well  managed 
industry  will,  at  least  once  a  year,  account  for 
the  quantity  of  articles  disposed  of  and 
•inventoried  against  the  quantity  produced. 
In  many  instances  the  difficulty  of  obtaining 
such  data  on  commodities,  because  of  the 
time  required  for  production  and  the  wide 
distribution  of  parts  throughout  a  factory, 
precludes  the  possibility  of  showing  a  balance 
for  shorter  than  yearly  periods.  On  the 
other  hand,  if  the  time  required  to  complete 
the  manufacture  of  the  commodity  is  rela- 
tively   short,    valuable    records    can    readilv 


or  both.  While  these  prod- 
ucts, the  production  of  which  is  completed 
in  minutes  instead  of  days  or  months,  may 
appear  less  tangible  than  ordinary  com- 
modities, tin  ...  readibj  be  mea  iured.  In 
this  case  production  is  immediatelj  followed 
by  consumption  and  there  is,  therefore,  no 
stock  pile  from  which  to  inventor)  at  in 
tervals.  This  short  period  of  production 
and  disposition  naturally  makes  improve- 
ments in  operating  methods  more  conducive 
to  economics  than  when  the  commodity 
requires  a  longer  time  to  manufacture  and 
consume. 

Steam  Power  Plant  Products 

The    products  of    a   steam  electric   power 
plant  are  steam  and  electricity.     Often  only 
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Diagram  Illustrating  the  Location  of  Flow  Meters  to  Obtain  I  ata 
for  Balance  Sheets 


be  maintained  to  show  the  detail  costs,  the 
waste,  and  the  possible  improvements  in 
operating  facilities  or  methods  of  production. 
The  operation  of  a  steam  electric  power 
plant  or  a  steam  heating  plant  is  not  essen- 
tially different  from  that  of  other  manu- 
facturing   plants.       It    produces    steam    or 

*  Published  simultaneously  with  Power. 


a  portion  of  the  steam  produced  by  the 
boilers  is  converted  into  electric  energy,  the 
remainder  being  utilized  for  heating  and 
other  industrial  purposes.  The  only  practical 
method  by  which  to  record  performances 
for  such  a  plant  is  to  meter  each  product  and 
to  consider  the  boiler  room  as  the  steam 
producer  and   the   turbine   room   the  power 
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producer.  The  turbine  room  as  well  as  the 
heating  system  then  purchases  a  certain 
amount  of  steam  from  the  boiler  room.  This 
method  of  analysis  is  equally  essential  to  the 
plant  whose  steam  is  all  converted  into 
electric    energy,    since    in    any    instance    the 


Fig.  2.     General  Electric  Indicating  Recording  Flow  Meter 

economy  of  steam  production  should  be 
carefully  checked.  Such  a  record  cannot  so 
easily  be  maintained  when  the  production 
costs  are  all  charged  directly  to  electric  power 
without  regard  to  the  quantity  of  steam 
generated  or  consumed. 

In  the  commercial  introduction  of  electric- 
ity, electric  energy  has  been  measured  in 
every  conceivable  manner  and  no  concern 
would  consider  its  production  or  distribution 
without  a  thorough  accounting;  in  fact,  meter 
records  are  kept  which  show  the  energy  con- 
sumption on  the  smallest  feeder  circuits. 

On  the  other  hand,  the  metering  of  steam, 
water  and  air  has  heretofore  been  neglected 
largely  because  satisfactory  meters  for  the 
purpose  have  not  been  available  until  the 
last  few  years. 

Units  of  Measurement 

All  commodities,  tangible  and  intangible, 
are  susceptible  of  measurement,  although  in 
some  cases  a  concise  inventory  or  accounting 
is  rather  expensive  to  obtain.  Most  com- 
modities are  measured  or  counted  by  units 
which  are  readily  understood  because  of 
common-place  and  long  continued  usage. 
The  accepted  units  of  measurement  for  heat 
and  power  are  as  definite  and  simple  as  the 


common  units  used  in  everyday  practice. 
The  chief  difference  is  that  the  units  of 
measurement  for  heat  and  power  cannot  be 
visualized  and  therefore  are  often  discredited 
by  those  not  familiar  with  engineering  terms. 
The  unit  of  measurement  for  electric  energy, 
the  kilowatt-hour,  was  for  many  years 
generally  regarded  as  the  least  tangible  and 
understandable,  but  the  extensive  use  of 
electric  light  and  power  in  the  home  has 
now  made  it  quite  generally  understood. 

Pound  or  thousand-pounds  generally  used 
for  the  measurement  of  steam  should  be  no 
more  difficult  to  visualize  as  a  unit  than 
pounds  of  water,  since  steam  is  nothing  more 
than  water  in  the  form  of  vapor. 

Units  Commonly  Used  in  Power  Plant  Practice 

Kilowatt:     Unit     for     measuring     electric 
that   is,  the  rate  of  production  or 
consumption  of  electrical  energy. 

Kilowatt-hour:     Unit  of  electric  cner 
work.     The  product  of  power  and  time  (in 
hours).     Kilowatt-hours  =  kilowatts  X  hours. 

Pounds  of  water  per  hour:  Unit  of  water 
demand.  Employed  in  measuring  the  rate  at 
which  water  is  fed  to  boilers. 

Pounds  of  steam  per  hour:  Unit  of  steam 
demand.     This  unit  shows  the  rate  at  which 


Fig.  3.     General  Electric  Steam  Flow  Meters  Installed 
in  a  Large  Central  Station 

steam  is  produced  or  consumed.  This  unit 
of  weight  does  not  represent  a  true  value  of 
power,  because  the  actual  heat  required  to 
produce  a  pound  of  steam  varies  with  the 
pressure,  superheat  and  sensible  heat  in  the 
water.      It    may    be    advantageously    used. 
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however,  for  small  plants  because  it  simplifies 
calculations  but  for  larger  plants  the  heat 
consumption  should  be  expressed  as  equiv- 
alent pounds  of  steam  from  and  at  212  deg.  F. 

Note: — For  convenience  in  accounting  and 
preparing  balance  sheets,  the  units  Pound  of 
Water,  Pounds  of  Water  per  Hour,  Pound  of 
Steam  and  Pounds  of  Steam  per  Hour  are 
often  expressed  in  "thousands,"  thereby 
eliminating  the  use  of  such  large  numbers. 

B.t.u.:  Unit  of  heat  commonly  used  in  this 
country.  The  quantity  of  heal  required  to 
raise  one  pound  of  water  1  deg.  F.  at  or  near 
39.1  deg.  F.,  the  maximum  densitj   ol  water. 

Equivalent  pounds  of  steam  horn  and  at  .'/.' 
deg.  F.:  Unit  used  for  the  reduction  of  steam 
measurements  to  a  common  basis.  It  rep- 
resents the  weight    of   water   that   could   be 


Therefore  869.2  lb.  of  saturated  steam  at  that 
pressure  contain   1  million  B.t.u. 

Balance  Sheet 

The  waste  of  heat  in  a  power  plant  is  far 
more  common  and  extensive  than  the  waste 
of  electric  power,  since  any  loss  in  the  latter 
may  readily  be  detected.  Furthermore  the 
possible  economies  in  the  production  and 
utilization  of  steam  greatly  exceed  the 
Me  economies  in  the  utilization  cf 
electric  power,  because  the  electrical  con- 
ditions for  any  planl  an  more  or  less  fixed 
when  the  apparatus  is  installed;  but  economy 
in  the  generation  and  consumption  of 
is  largely  under  the  control  of  the  operator. 

The  proper  method  of  maintaining  depend- 
able records  is  to  show  balances  between  the 
steam   produced    and    the   steam   consumed. 


Fig.  4.     General  Electric  Steam  Flow  Meters  Installed  i 


evaporated  from  the  temperature  of  212  deg. 
F.,  into  dry  and  saturated  steam  at  2 1 2  deg.  F. 
by  the  actual  amount  of  heat  transferred  to 
the  feed  water  in  the  boiler.  It  is  equal  to 
the  total  heat  in  the  steam  under  boiler  con- 
ditions, minus  the  heat  in  the  feed  water, 
divided  by  970.4,  the  latent  heat  of  steam  at 
14.7  lb.  absolute.  For  example,  1  pound  of 
steam  at  250  lb.  pressure  and  250  deg.  of 
superheat,  produced  from  feed  water  at  150 
deg.  F.,  is  equivalent  to  1.257  lb.  of  steam 
from  and  at  212,  since  1,221  B.t.u.  are  added 
to  each  pound  of  feed  water,  and  1,221 
divided  by  970.4  equals  1.257. 

Million  B.t.u.:  Convenient  unit  for  meas- 
uring large  amounts  of  heat.  One  pound  of 
steam  at  a  temperature  of  212  deg.  F.  and  14.7 
absolute    pressure    contains     1,150.4    B.t.u. 


The  first  balance  is  between  the  amount 
of  water  supplied  to  the  boilers  and  the 
quantity  of  steam  the  boilers  produce.  The 
second  balance  is  between  the  steam  produced 
by  the  boilers,  available  for  utilization,  and 
the  steam  used  for  the  production  of  power 
or  for  heating  and  industrial  purposes. 

Form  A  illustrates  a  simple  balance  sheet 
for  a  small  plant,  while  Form  B  illustrates 
a  more  complete  sheet  for  larger  plants. 
Fig.  1  illustrates  in  a  simple  manner  the 
locations  of  flow  meters  to  obtain  infor- 
mation for  such  a  balance. 

Description  of  Balance  Sheet.     Form  B 

Lines  Nos.  1,  2  and  3 

There  should  be  a  line  provided  on  the 
balance   sheet   form   for   each   main   turbine 
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in    the    plant.      The    actual    steam    flow    as 

I  in  in  column  A 
C,  depending  on  the  type  of  turbine.  For 
example,  if  turbine  No.  1  were  a  straight 
high  pressure  condensing  turbine,  the  steam 
in  thousand  pounds  would  be 
recorded  in  column  A.  If  it  were  a  high 
pressure,  non-con- !  urbine,  discharging 

to  a  heating  sysl  total  flow  t 

turbine  would  be  recorded  in  column  B.  If  a 
turbine  were  run  both  condensing  and  non- 
condensing,  both  column  A  and  column  B 
would  be  filled  in  according  vntage 

of  the  power  generated  each  way.  Column 
C  should  be  used  for  low  or  mixed  pressure 
turbines  and  should  show  only  the  low 
pressure  steam  which  enters  such  turbines. 


( 'olumns  D,  E  and  /•' 

In  column  D  the  total  debit  should  be  given 
in  million  B.t.u.,  which  is  calculated  from  the 
total  heat  in  the  steam  above  the  prevailing 
water  temperature  entering  the  feed  water 
heaters. 

In  column  E  a  credit  should  be  given  to  all 
machines  operating  non-condensing  and  fur- 
nishing exhaust  steam  which  may  be  utilized 
for  other  purposes.  If  the  exhaust  from  any 
non-condensing  machine  is  too  intermittent  or 
is  so  contaminated  with  oil  that  it  is  inadvis- 
able to  utilize  it,  no  credit  could  be  given. 

In  column  F  the  net  steam  chargeable  to 
each  unit  or  each  service  should  be  recorded. 
This  column  is  simply  the  difference  between 
columns  D  and  E. 


POWER  PLANT  BALANCE  SHEET 


First  Balance  Boiler  Room 


1 — Total  water  to  boilers 100,000 

2 — Blowdown  from  boilers 

3 —  Steam  to  boiler-room  auxiliaries 

4  —  Condensation,  waste  and  unaccounted  for 

5  —  Net  steam  available  for  utilization 

6  — Balance 

Second  Balance — Turbine  Room 

Net  steam  available 

8 — Converted  into  electric  power 

9 — Used  for  heating 

10  —  Used  for  industrial  purposes 

11— Balance 93,000 


1,000 

5,000 

1,000 

93,000 

100,000 


40,000 
30,000 
23,000 

93,000 


Line  Xo.  4 

Turbine  room  auxiliaries  are  treated  in  a 
similar  manner  to  the  main  units.  These  are 
generally  non-condensing  and  the  exhaust 
steam  is  used  to  heat  the  feed  water. 

Lines  Xos.  (J  and  ? 

High  pressure  steam  for  heating  should  be 
metered  and  recorded  in  column  A,  since  it  is 
condensing  steam  inasmuch  as  the  return  is 
water.  Where  the  heating  steam  is  low  pres- 
sure it  may  be  metered  and  recorded  in 
column  C,  or  it  may  be  estimated  from  turbine 
water  rates. 

Lines  Nos.  9  and  10 

Industrial  steam,  if  high  or  low  pressure, 
is  treated  in  the  same  way  as  heating  steam. 


Lines  Xos.  13,  14  and  15 

The  total  water  fed  to  the  boilers  and  the 
steam  output  of  each  boiler  should  be  metered. 
The  amount  of  water  blown  down  can  be 
estimated  from  the  time  that  the  blow- 
down  valves  are  open,  if  it  is  known  how 
much  the  blow-down  valves  will  pass  per 
minute.  If  this  is  unknown  it  can  be  easily 
determined  by  experiment.  The  difference 
between  the  water  fed  to  the  boilers  and  the 
blowdown  shows  the  net  water  which  should 
have  been  converted  into  steam.  This  result 
should  check  the  total  steam  output  of  the 
boilers  very  closely.  The  heat  contained  in 
this  water  converted  into  steam  should  be 
shown  in  the  debit  column  I.  This  is  cal- 
culated from  the  total  heat  in  the  steam  above 
the  water  temperature  entering  the  heaters. 
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Form  B                                                        POWER   PLANT  BALANCE   SHEET 

Column        Column        Column 
ABC 

D 

Steam  in  Thousand 

Pounds  as  Recorded 

by  Flow  Meters 

Equivalent  Steam  from 
Thousand  Pounds 

Steam  Distribution 

High- 
Press. 

Steam 
Con- 
densing 

High- 
Press. 
Steam 

densing 

Steam 
densing 

Exhaust 

Net 
Steam 
Charge- 
Service 

1— Turbine  No 

2— Turbine  No 

3— Turbine  No 

13 — Total  water  fed  to  boilers. 
14 — Estimated  blow-down.  .  .  . 


15 — Net  water  converted  to  steam 

16 — Boiler-room  auxiliaries 

17 — Used  in  feed-water  heat,  exclusive  of  steam  from  B.  R.  aux. 

18 — Waste  exhaust  steam 

19 — General  condensation 

20 — Unaccounted  for 

21 — Net  distributed 

22— Balance 


Water  or 
Steam  in 
Thousand 
Pounds 


Column         Column 


Eq.  Steam  from  and  at 
212  Deg.  F.  in  Thou- 
sand Pounds 


Debit 


Credit 


CONDENSED   RECORD  OF   POWER  PLANT  USING    THIS  FORM  OF  BALANCE  SHEET. 
AN  AVERAGE  DAY'S   RUN 

Steam  Distribution  for  Day  Pounds 

1— To  turbines  (by  flow  meters) 2,000,000 

2 — Industrial  steam  (by  flow  meters) '■'■'"■' 

3 — Station  auxiliaries  (by  flow  meters) 1 10,000 

4 — Oil  pumps,  thawing  coal,  etc.  (estimated) 20,000 

5 — Drips,  traps,  radiation,  etc.  (estimated) 20,000 

6— Total 100-000 


Steam  Production  for  Day 

Pounds 
Shift 
No.  1 

Pounds 
Shift 
No.  2 

Pounds 
Shift 
No.  3 

1  ..und 

Ti  i  a    :"or 

1,445,000 
15,000 

905,000 

l.-,, mi  in 

790,000 

10,000 

3,14       "II 

U      i,  i 

1,430,000 
1,430,000 

890,000 
890,000 

780,000 
780,000 

3,100,n0() 

10 — Total  steam  from  boilers  (by  flow  meters)  .... 

3,100,0  10 
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Line  Xo.  16 

The  supply  of  all  the  auxiliaries  in  the 
boiler  room  can  generally  be  recorded  on  one 
although  it  is  fairly  accurate  to 
include  odd  machines  which  may  not  be 
metered  by  calculating  the  steam  flow  from 
the  prevailing  loads  and  water  rates.  If  all 
of  the  steam  passing  through  the  boiler 
room  auxiliaries  is  used  in  heating  the  feed 
water,  then  there  is  no  need  for  segregating 
this  credit.  Simply  charge  the  full  amount  of 
steam  to  the  auxiliaries,  as  shown  in  the 
table. 

Line  No.  17 

If  the  steam  to  the  feed  water  heater  is 
not  metered,  as  is  generally  the  case,  it 
should  be  estimated  from  the  quantity  of 
water  fed  to  the  boilers  and  the  temperature 
elevation  of  the  water. 

Lines  Nos.  IS,  19,  20 

Estimates  should  be  made  of  the  general 
condensation,  and  the  balance  sheet  should 
show  any  waste  of  exhaust  steam.  The 
unaccounted  for  steam  will  be  the  difference 
between  the  credit  and  debit  column  neces- 
sary to  make  a  balance. 

Line  No.  21 

The  net  steam  distributed  is  taken  from 
the  first  tabulation,  line  No.   12,  column  F. 

Plant  records  which  do  not  show  a  satis- 
factory balance  between  the  steam  pro- 
duction and  the  steam  consumption  are  not 
dependable,  and  the  cause  of  the  discrepancy 
should  be  carefully  investigated. 

Possible  Losses 

Many  possible  losses  can  be  detected  by 
the  use  of  the  balance  sheet;  for  example: 

1 .  Feed  water  is  often  heated  to  the 
maximum  temperature  and  then  overflowed 
because  of  inadequate  storage  capacity.  The 
loss  of  heat  from  this  case  is  not  readily 
detected  unless  all  of  the  steam  is  accounted 
for.  Waste  exhaust  steam  from  the  vent 
pipe  of  a  feed  water  heater  is  commonly  con- 
sidered a  criterion  of  feed  water  heater 
economies,  but  this  is  by  no  means  true. 

2.  Steam  traps,  drip  and  drain  piping 
often  blow  steam  continuously  to  a  sewer 
and  there  are  no  means  of  detecting  it  except 
by  accounting  for  the  steam  generated  and 
consumed. 

3.  In  some  cases  the  use  of  steam  far 
exceeds  the  expected  consumption.  As  an 
illustration,  a  certain  plant  introduced  steam 
jets  in  the  boiler  furnaces  and   expected  a 


very  moderate  steam  flow.  Actual  records 
showed  that  the  auxiliary  steam  consumption 
of  the  power  plant  was  increased  from  10  to 
25  per  cent.  The  steam  jets  were  removed 
immedi: 

4.  The  steam  driven  auxiliaries  employed 
in  power  plants  are  frequently  very  ineffi- 
cient, either  on  account  of  poor  selection 
or  improper  maintenance.  It  is  a  mistake  to 
use  wasteful  auxiliaries  on  the  assumption 
that  the  heat  in  the  exhaust  steam  is  used  in 
the  feed  water.  High  pressure  steam  or 
extracted  steam  from  the  main  units  should 
be  used  to  augment  the  deficient  supply  of 
steam  for  the  feed  water.  There  is  then  an 
opportunity  of  regulating  the  feed  water 
temperature  or  of  reducing  the  waste  for  all 
conditions  of  load. 

5.  Loss  by  radiation  is  a  considerable 
factor  and  should  be  carefully  estimated 
with  a  view  to  reducing  it  as  much  as  possible 
by  the  application  of  proper  lagging  on  pipes 
and  machines. 

Ways  and  Means  of  Metering 

Each  station  presents  special  problems  for 
the  installation  of  flow  meters  and  it  is 
therefore  advisable  to  consider  which  arrange- 
ment of  meters  and  form  of  balance  sheet  are 
best  suited  for  the  exisiting  conditions. 

The  common  practice  is  to  meter  the  high 
pressure  steam  to  each  turbine.  This  is 
quite  satisfactory  for  a  straight  non-con- 
densing or  condensing  turbine,  but  in  the  case 
of  a  low-pressure,  mixed  pressure  or  extraction 
turbine,  the  relative  flows  of  low  and  high 
pressure  steam  can  be  more  accurately 
determined  by  metering  both  the  high 
pressure  steam  to  the  main  unit  and  the  con- 
densate from  the  condenser.  This  recom- 
mendation applies  to  units  employing  surface 
condensers. 

There  is  no  objection  to  metering  all  of 
the  power  house  auxiliaries  as  a  unit,  pro- 
viding those  used  in  the  turbine  room  can  be 
segregated  from  those  used  for  steam  pro- 
duction. A  common  method  is  to  provide  one 
flow  meter  for  boiler  room  auxiliaries  and 
another  flow  meter  for  turbine  room  auxili- 
aries. 

The  metering  of  boiler  feed  is  generally 
accomplished  by  installing  a  flow  meter  on  the 
discharge  of  each  boiler  feed  pump.  In  the 
case  of  reciprocating  pumps  sufficient  air 
chamber  space,  together  with  pressure  throt- 
tling between  pump  and  point  in  line  where 
meter  is  connected,  is  necessary  to  obtain 
accurate  readings. 
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Advantage  of  Metering  Boiler  Outputs 

All  of  the  advantages  accruing  from  the  use 
of  flow  meters  showing  the  output  of  each 
boiler  are  not  generally  recognized.  In  some 
plants  the  water  fed  to  each  boiler  is  metered, 
but  the  prevailing  practice  is  to  meter  the 
steam  generated  by  each  boiler.  Some  of  the 
advantages  of  getting  a  record  of  the  individ- 
ual boiler  outputs  are: 

1.  Every  boiler  has  a  most  efficient  point 
in  the  operating  curve  and  this  is  generally 
from  boiler  rating  to  175  per  cent  rating. 
Assuming  that  the  most  efficient  point  of 
the  boiler  is  known,  how  can  an  operator 
maintain  the  boiler  at  its  most  economical 
capacity   without    a   meter   record5 

2.  In  order  to  check  the  regular  overall 
boiler  and  furnace  efficiency  (the  results  of 
this  check  being  far  more  valuable  than 
special  tests),  the  amount  of  steam  produced 
by  a  boiler  each  month  should  be  checked 
by  the  amount  of  coal  consumed. 

3.  Meter  records  will  show  the  relative 
values  of  different  kinds  of  boilers,  stokers, 
methods  of  baffling,  methods  of  firing,  etc., 
both  as  to  capacity  and  economy. 

4.  It  is  common  practice  to  compare  the 
results  obtained  by  the  firemen  on  different 
shifts  and  to  change  the  shifts  from  night  to 
day  so  that  each  set  of  firemen  will  have  an 
opportunity  of  working  on  the  same  load 
conditions. 

5.  Individual  boiler  flow  meters  indicate 
whether  a  fireman  is  doing  his  part  of  the 
work.  There  is  a  tendency  for  a  man  to  sacri- 
fice ouput  for  the  sake  of  maintaining  good 
efficiency  or  a  high  COi  content  in  the  gas. 

6.  A  record  of  what  each  boiler  is  capable 
of  doing  for  the  prevailing  and  for  emergency 
conditions  is  especially  valuable  when  trying 
to  ascertain  if  additional  boiler  capacity  is 
required.  To  illustrate  this  point,  a  certain 
company  was  contemplating  the  expenditure 
of  several  hundred  thousand  dollars  for  new 
boilers  until  it  was  found  that  the  existing 


boilers  were  operating  at  only  05  per  cent  of 
rated  capacity. 

In  general,  how  can  a  fireman  be  expected 
to  learn  to  operate  a  boiler  and  stoker  to  the 
best  advantage  without  affording  him  a 
continuous  record  of  the  steam  output?  This 
point  is  well  covered  by  the  following  quota- 
tion from  an  editorial  appearing  in  one  of  the 
engineering  magazines: 

"No  one  would  expect  the  electrical  end  of 
a  plant  to  be  operated  satisfactorily  without 
some  instruments  to  guide  the  operators.  Yet 
the  pressure  gauge  and  the  water  column 
have  been  and  are  about  all  the  average 
boiler  attendant  has  to  help  him.  For  the 
rest  he  is  supposed  to  be  able  to  get  along 
by  using  his  eyes  to  judge  the  condition  of  the 
fire.  There  are  some  men  naturally  gifted 
who  can  do  fairly  well  under  even  these  cir- 
cumstances, but  why  leave  to  human  judg- 
ment a  problem  that  is  easily  simplified  until 
it  is  no  trick  at  all  by  providing  a  few  ther- 
mometers, a  steam  flow  meter  on  each  boiler, 
and  a  draft  gauge. 

"There  is  nothing  mysterious  about  burn- 
ing coal  so  as  to  get  the  most  heat  out  of  it 
where  and  when  it  will  do  the  most  in  turning 
water  into  steam,  but  it  cannot  be  done  con- 
tinuously and  consistently  without  the  means 
mentioned  to  show  the  firemen  when  it  has 
happened,  and  if  it  has  not,  why." 

The  maintenance  of  accurate  records  show- 
ing the  steam  generated  and  consumed  as 
well  as  the  water  supplied  to  the  boilers  is 
essential  for  the  economical  management  of 
central  stations  and  manufacturing  indus- 
tries. Without  such  records  serious  losses 
will  probably  be  undetected. 

Why  not  follow  the  example  of  hundreds 
of  companies  both  in  this  country  and 
abroad?  Eliminate  guess  work,  meter  steam 
and  water  as  we  do  electricity,  use  the  form  of 
balance  sheet  best  suited  to  the  particular 
plant,  and  save  money  by  the  lower  cost  of 
operation. 
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A  New  Type  of  Definite  Time  Control  Relay 

By  A.  B.  Campbell 

K  \ii  rim  i  n  i  \\    Laboratory,  General  Electric  Company 

Exact  duplication  of  exposure  in  X-ray  work  is  often  desired  and  where  the  interval  of  time  is  short  the 

dersonal  element  is  apt  to  introduce  a  large  error  where  exposures  are  made  by  hand.     Two  of  the  devices 

ed    in  this    article  were  developed  to  do  away  with  this  large  variable   through  automatic    control. 

Exposures  ranging  from  a  fraction  of  a  second  to  thirty  seconds  are  made  automatically  and  the  error  is  only 

i  with  the  short  time  settings.      The  third  relay  described  is  employed  for  automatically 

timing  the  operation  of  induction  motors. — EDITOR. 


The  definite  time  control  relays  described 
in  this  article  were  originally  developed  for  the 
definite  time  control  of  induction  motors 
operating  from  automatic  starting  com- 
pensators. In  these  installations  it  replaces 
the  bellows  type  of  definite  time  relay  and  is  a 
decided  improvement  for  this  service. 


;  Contacts 


Fig.  1.     Diagram  Showing  Principle  of  Operation 
of  Time  Control  Relays 

These  relays  were  found  to  possess  the 
characteristics  required  in  a  switch  for 
automatically  timing  X-ray  exposures,  and 
as  an  automatic  timing  device  was  required 
to  complete  the  portable  X-ray  sets  being 
developed  by  the  Company,  the  industrial 
control  relays  were  modified  for  the  purpose, 
t  lie  changes  involving  only  minor  details. 

X-ray  Tube  Relays  iType  MC-1) 

The  principle  of  operation  of  the  relays  is 
shown  by  the  schematic  diagram  of  Fig.  1. 
while  the  appearance  of  the  several  types  is 
shown  in  Figs.  4  and  5.  Reference  to  Fig.  1 
shows  that  the  operation  consists  in  allowing 
a  set  of  contacts  to  be  mechanically  operated 
after  a  definite  time  interval  by  an  insulated 
pin.  This  pin  is  carried  on  a  large  gear  which 
is  driven  through  a  suitable  reduction  at 
constant  speed  by  a  very  small  induction 
motor  of  the  disk  type.  Energizing  the  device 
causes  the  large  gear  carrying  the  pin  to  mesh 
with  the  pinion  connecting  with   the  motor 


through  the  worm  wheel.  At  the  same 
instant  the  motor  starts  and  drives  the  pin  to 
the  operating  point  in  a  time  depending  on 
the  lever  setting.  If  the  relay  remains 
energized  after  the  contacts  have  been  opened, 
the  motor  continues  to  run,  but  since  the 
large  gear  has  a  mutilated  portion  which 
engages  the  pinion  at  this  point  the  contacts 
are  held  open  until  the  motor  is  de-energized, 
thus  stopping  the  motor  and  releasing  the 


Fig.  2      Connection  Diagram  of  Low  Capacity  MC-1  Relay 


Fig.  3.     Connection  Diagram  of  High  Capacity 
MC-1  Relay  with  Auxiliary  Relay 

armature  that  controls  the  mesh  of  the  large 
gear  and  allowing  the  insulated  pin  to  return 
to  its  initial  position  against  the  time  lever. 
Different  time  intervals  may  be  obtained  by 
shifting  the  time  lever  to  various  parts  of  the 
scale. 


A  NEW  TYPE  OF  DEFINITE  TIME  CONTROL  RELAY 


In  service  these  relays  are  connected 
directly  in  the  primary  circuit  of  the  X-ray 
tube  transformer.  The  switch  controls  con- 
tacts which  are  directly  in  series  with  the 
primary  and  are  normally  closed.  Energiza- 
tion of  the  tube  anil  relay  is  controlled  by  a 


The  low  capacity  switch  is  designed  for  use 
with  tubes  having  a  maximum  > 
milliamperes.     The  high  capacity    tubi 
quirin  are  taken 

care   of    by    an    instantaneou  relay 

controlled  1>\    the   time  switch.     This  addi- 


Fig.  4.     Low  Capacity  MC-1  Relay 

manually  operated  switch  or  push  button. 
After  a  lapse  of  time,  depending  on  the 
dial  setting  of  the  relay,  the  relay  contacts 
are  opened  and  the  transformer  is  de-energized. 
The  line  switch  or  push  button  is  then  released 


Fig.     5.      High  Capacity  MCI  Relay  with 
Auxiliary  Relay  Mounted  in  Base 

opening  the  relay  circuit.  A  diagram  of 
connections  is  shown  in  Fig.  2.  As  built  for 
the  portable  X-ray  sets  the  switch  has  a 
maximum  time  setting  of  thirty  seconds,  the 
dial  being  graduated  in  one  second  divisions. 


Fig.  6.     Under  Side  of  High  Capacity  MCI  Relay 
Showing  Auxiliary  in  Base 

tional  relay  is  contained  in  a  sub-base  and  is 
mounted  directly  below  the  time  switch 
forming  a  complete  unit.  This  construction 
is  clearly  shown  in  Figs.  5  and  6,  and  the 
connections  in  Fig.  3. 

The  high  capacity  switch  can  be  used  with 
tubes  rated  50  milliamperes  and  requiring 
a  maximum  of  about  75  amperes  in  the 
primarv  circuit  of  the  transformer,  and  is 
controlled  either  by  a  series  line  switch  or  a 
push  button.  The  high  capacity  switch  is 
fitted  with  a  dial  which  gives  a  maximum 
time  setting  of  ten  seconds,  being  divided  into 
one-quarter  second  divisions. 

Both  the  push  button  in  low  capacity  out- 
fits and  the  auxiliary  relay  in  the  high  capac- 
ity units  are  provided  with  a  series  resistance 
which  is  temporarily  in  circuit  to  prevent  a 
high  initial  rush  of  current. 

Induction  Motor  Relay  (Type  MC-2) 

The  general  construction  of  the  MC-2  relay 
is  shown  in  Fig.  7.  ,  This  type  of  time  switch 
is  designed  to  operate  in  connection  with 
automatic  starting  compensators  controlling 
induction  motor  operation  and  therefore  has 
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a  different  arrangement  of  contacts  from  the 
X-ray  time  switch,  the  mechanical  con- 
struction otherwise  being  exactly  the  same. 
The  contact  arrangement  and  the  circuit 
diagram  for  the  MC-2  relay  are  shown  in 
Fig.  8.     Due  to  the  necessity  for  having  a 


potential  is  removed  from  the  device  by  an 
external  switch. 

On  account  of  the  wide  variation  in  inter- 
vals desired,  two  standard  interval  capacities 
have  been  designed,  giving  full  scale  for  90 
seconds  and  25  minutes. 


Fig.  7.     MC-2  Relay  for  Automatic  Time  Control 
of  Induction  Motors 

quick  break  contact  mechanism,  a  trigger 
arrangement  has  been  provided  which 
gives  a  practically  instantaneous  change- 
over from  starting  to  running  compensator 
coils.  The  cycle  of  operation  when  used 
with  the  automatic  starting  compensator 
panel  is: 

Depressing  the  start  button  short  circuits 
the  holding  contacts  of  the  relay,  thereby 
energizing  the  device  permanently.  By  the 
same  operation  the  circuit  through  the 
starting  coil  of  the  compensator  is  completed. 
After  a  definite  time  interval,  depending  on 
the  rela\r  setting,  the  tripping  mechanism  is 
operated  by  the  gear  train,  allowing  the 
common  contact  B  from  the  line  terminal  to 
instantly  shift  from  the  contactor  starting 
coil  to  the  running  coil,  due  to  its  own  spring 
tension.  The  remainder  of  the  contactor 
running  coil  circuit  is  completed  through  the 
usual  lock-out  switch  provided  on  the  start- 
ing compensator,  which  is  closed  only  after 
the  starting  compensator  is  completely  open, 
thus  preventing  both  the  starting  and  running 
contacts  from  being  closed  on  the  auto- 
transformer  at  the  same  time.  As  this  switch 
is  on  the  line  continuously,  the  large  gear 
has  not  been  mutilated  as  in  the  MC-1  switch, 
and  the  motor  is  allowed  to  stall  against  the 
tripping    mechanism    after    operation    until 


The  following  tests  have  been  made  on  five 
MC-1  X-ray  switches  from  production,  and 
give  a  general  idea  of  the  operating  character- 
istics of  these  devices: 

MC-1  Relay:     Voltage  Error 
Per  cent  of  normal  time  at  110  volts 


Relay 

100  Volts 

110  Volts 

120  Volts 

52358 

52373 

102.0  Vi 

100% 

100% 

94.6% 

05.6% 

Average  . . 

103.6% 

100% 

95.1% 

Thus  a  variation  in  voltage  of  9  per  cent 
shows  3  to  5  per  cent  variation  in  time  inter- 
val. 

An  MC-2  relay  was  connected  to  a  440-volt, 
60-cycle  panel  as  shown  in  Fig.  8,  the  start  and 
stop  push  buttons  being  operated  by  cams 
driven  from  a  small  series  motor  at  a  speed  to 
give  one  revolution  every  7  to  8  seconds.  After 
100  hours'  operation,  a  total  of  about  46,500 
individual    operations,    the   device   had    not 


"Start  Button    Stop  Button 


Fig.  8.     Connection  Diagram  of  MC-2  Relay  with 
Start  and  Stop  Push  Button  Control 

shown  any  appreciable  wear  on  bearings  or 
contacts. 

Conclusions 

In  construction  the  MC-1  and  MC-2  relays 
are  very  similar,  the  principal  difference  being 
in  the  contact  arrangement  and  coil  windings. 
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MC-1  X-ray  Switch:     Accuracy  of  Repeat 
SO  seconds  interval  relay,  110  volts,  60  cycles 


REPEATS 

Setting 

1 

2 

3 

4 

5 

6 

Max.  Error 
Per  Cent 

30  sec. 
15  sec. 

5  sec. 

1  sec. 

30.4 
14.93 
5.16 
0.98 

30.6 
14.93 
4.99 
1.02 

30.6 
15.01 
4.97 
1.033 

30.48 

14.77 

5.03 

1.00 

30.70 
14.S5 
4.91 
0.967 

30.6 
14.88 
5.01 
1.033 

+  2.3 
-1.5 
+  3.2 
+"3.3 

MC-2  Relay:     Accuracy  of  Repeat 
90  seconds  interval  relay,  £20  volts,  60  cycles 


REPEATS 

Setting 

6 

Max.  Error 

Per  Cent 

90  sec. 

90.6 

90.6 

90.5 

90.0 

91.0 

91.5 

+    1.7 

30  sec. 

30.2 

29.6 

29.8 

30.0 

30.0 

30.0 

-    1.3 

15  sec. 

15.0 

14.2 

15.0 

14.8 

15.0 

15.0 

-   5.3 

5  sec. 

5.33 

5.28 

5.25 

5.33 

5.25 

5.25 

+   6.5 

3  sec. 

2.62 

2.55 

2.38 

3.17 

3.40 

3.23 

-20.6 

The  time  interval  in  both  relays  is  estab- 
lished by  a  constant  speed  induction  motor 
of  the  disk  type  having  very  small  frequency 
and  voltage  errors.  A  change  in  time  inter- 
val may  be  made  by  simply  shifting  a  pointer 
over  a  graduated  dial. 

Tests  show  that  the  energy  required  in  the 
MC-1  relays  is  about  8.5  watts  and  about  9.0 
watts  for  the  MC-2  relay. 

An  error  due  to  the  relative  position  of  the 
teeth  on  the  large  gear  and  pinion  at  instant 


of  mesh  is  always  present  and  appears  as  a 
larger  percentage  at  low  scale  settings,  but  is 
relatively  unimportant. 

Due  to  the  low  torque  requirements  and 
the  comparatively  low  speeds  used  the  wear 
on  parts  is  negligible,  as  shown  by  the  life 
test  in  normal  service. 

Relays  for  other  frequencies  than  60- 
cycles  are  available.  They  show  practically 
the  same  characteristic  as  the  60 -cycle  devices 
described. 
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Important  as  the  safety  of  the  worker  may  be;  the  contin- 
uity of  a  plant's  electric  service  need  not  be  sacrificed  for 
it — both  can  be  assured 


Enclosed  Dead-Front  Stationary 
Panefj,  especially  applicable  where 
inexperienced  or  unskilled  employees 
have  access  to  the  switchboard. 


7»e  FK20  Oil  Circuit  Breaker 
mounted  in  draw  out  type  of  safety 
enclosed  panel.  Can  be  furnished 
in  non-automatic  and  automatic 
form,  for  service  up  to  300  amps. 
tt2500oolh. 


Protection  Minus  Delay 


WORKERS  are  safeguarded  and  pro- 
duction is  increased  by  General 
Electric  truck  type  safety  enclosed  switch- 
boards. 

All  current  carrying-  parts  are  completely 
enclosed  in  a  sheet  steel  cabinet  when  alive, 
so  that  a  man  would  find  it  very  difficult  to 
come  into  contact  with  them.  When  any 
repairs  are  required,  it  is  merely  necessary 
to  pull  out  one  unit  and  substitute  a  spare, 
with  practically  no  interruption  to  the  circuit 
involved. 

When  a  unit  is  pulled  out  far  enough  to 
make  the  current  carrying  parts  on  the 
truck  accessible,  they  are  absolutely  dead 
electrically.  There  is  no  danger  to  the  re- 
pair man  because  somebody  "forgot"  to 
pull  a  switch.  The  standardization  and  ac- 
cessibility of  the  apparatus  make  repairs  or 
replacements  a  comparatively  simple  matter. 
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THE  ELECTRIFICATION  OF  MERCHANT  SHIPS 


During  the  last  year  we  have  devoted  con- 
siderable space  to  the  general  subject  of 
Marine  Engineering.  Our  issue  of  February 
was  devoted  entirely  to  marine  matters  and 
the  reception  accorded  thai  issue  indicates 
the  interest  taken  in  the  subject.  In  this 
issue  we  publish  an  article  on  the  Electrifica- 
tion of  Merchant  Ships  and  we  hope  to 
publish  more  articles  under  this  general 
heading  in  subsequent  issues. 

The  great  activity  in  shipbuilding  caused 
by  the  war  has  led  to  many  changes  in  both 
the  ships  of  the  U.  S.  Navy  and  in  the  mer- 
chant marine.  Progress  made  in  marine 
engineering  during  the  last  decade  has  made 
it  certain  that  the  faithful  old  reciprocating 
marine  engine  has  served  its  day  and  that  it 
is  now  to  be  displaced  by  the  high  speed  steam 
turbine.  With  the  high  speed  turbine  a  ship 
may  be  propelled  through  the  medium  of 
reduction  gears  or  by  electric  motors.  The 
remarkable  program  of  the  U.  S.  Navy  shows 
what  faith  is  placed  in  the  all-electric  ship  fin- 
fighting  purposes.  No  doubt  the  number  of 
large  merchant  ships  and  passenger  vessels 
to  be  propelled  by  electric  motors  will  in- 
crease each  year.  But  there  is  still  a  con- 
siderable field  where  gears  will  be  used  as  a 
means  of  reducing  the  speed  between  the 
turbine  and  the  propeller  shaft.  The  Diesel 
electric  equipments  are  also  likely  in  become 
more  common  than  they  are  at  present. 

Whatever  the  type  of  propelling  equip- 
ment may  be  all  types  of  vessels  will  use 
electrical  auxiliaries  to  an  increasing  extent 
as  manufacturers  are  prepared  to  furnish 
electrically  driven  pumps,  air  compressors, 
refrigerating  machinery,  forced  draft  blowers 
and  ventilators,  all  specially  designed  for 
marine  service.  Besides  these,  thoroughly 
reliable  motors,  which  can  meet  the  severe 
requirements  of  marine  service,  have  been 
developed  for  the  operation  of  such  deck 
machinery  as  the  mooring  winches,  anchor 
winches,  capstans,  cargo  winches  and  steer- 
ing gear.  All  these  devices  can  be  operated 
better  and  more  efficiently  by  electric  motors 
than  by  steam. 

In  connection  with  the  electrification  of 
merchant  ships  the  maiden  trip  of  the  electric 
merchantman  S.  S.  San  Benito  is  of  special 
interest. 

The  S.  S.  San  Benito  was  built  by  Work- 
man, Clark  &  Co.,  of  Belfast,  for  the  United 


Frail  Line.     Hit  tonnage  is  5500,  her  length 
336  H  .  and   her  beam    15  El ,     She  wa 
signed    for   a    speed    <.f  L2.5    knot 

The  most  interesting  feature  aboul  'l.. 
San  Benito  is  thai  she  is  propelled  electricalrj 
Her  main  generating  unit  consists  of  a  2040- 
kw.  Curtis  turbine  generator  and  the  propeller 
is  driven  by  a  3000-h.p.  synchronous  motor. 
This  equipment  was  built  by  the  British 
Thomson  1  [ouston  ( Jompan} .  Her  circulat- 
ing pumps,  forced  air  draft  and  ventilating 
system  are  all  electrically  operated. 

The  San  Benito  arrived  m  New  York  on 
October  24th  on  her  maiden  trip  across  the 
Atlantic.  The  trip  was  in  every  way  success- 
ful, although  she  encountered  a  cyclone  and 
was  tossed  about  for  21  hours  consecutively 
in  an  unusually  heaw  sea 

Captain  J.  C.  Jackson  in  command  oi  th( 
vessel  said  that  it  was  the  worst  storm  he  had 
encountered  in  Ins  2(1  years  at  sea.  As  such 
interest  is  centered  in  the  behavior  of  this 
all-electric  merchantman,  Captain  Jackson's 
remarks  are  well  worth  quoting. 

"Ordinarily  under  such  terrible  storm  con 
ditions  we  would  have  had  all  sorts  of  trouble 
with  our  propeller  racing  but  with  this  elec- 
tric drive  we  did  not  experience  any  such 
trouble.  I  have  never  been  on  a  hip  that 
acted  so  well  under  all  conditions.  During 
those  24  hours  we  were  in  the  storm,  the 
propeller  was  out  of  the  water  as  much  as 
she  was  in  but  there  was  not  the  slightest 
evidence  of  any  racing.  Another  feature 
which  impressed  me  was  the  absence  oi 
vibration.  Sometimes  I  actually  had  to 
look  out  the  port  holes  to  see  if  we  were 
moving,  so  smooth  and  quiet  did  this  electric 
drive  operate.  Truly,  this  is  the  finest  ship 
I  have  been  on  in  ray  many  years  at  sea." 

Chief  Engineer  R.  Crumley  was  just  as 
enthusiastic.  "There  is  absolutely  no  com- 
parison of  the  electric  drive  with  the  recipro- 
cating engine.  I  have  been  at  sea  since  a  boy 
N  years  old  and  this  beats  anything  I  have 
ever  seen  or  experienced.  Hitting  that 
cyclone  she  couldn't  have  been  given  a  better 
all  around  test." 

Among  the  2N  passengers  on  the  San  Benito 
was  Mr.  W.  McClelland,  Director  of  Electrical 
Engineering  of  the  British  Admiralty.  He  was 
very  pleased  with  the  behavior  of  vessel  and 
said  he  had  never  seen  anything  more  reliable 
in  his  life  than  the  electric  drive.       J.  R.  H. 
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The  Respective  Fields  of  the  Rail  Car,  Trolley  Bus, 
and  Gasoline  Bus  in  City  Transportation 

By  J.  ('.  Tin r i  \ 
k  \n  w  w   \m>  Trai  rioN  Engineering  Department,  General  Elei  i  ri<  Company 

i  In    trollej    I'M   .  all    OUg  I  tnd,  Germany,  ami  Austria,  is  a 

merit  in  During  thi  monstrations  of  the  < 

cles  ha  iven  in  Richmond,  Norfolk,  Philadelphia,  and  Detroit,  and  two  are  now  in  commercial  opera- 

tion in  New  York  City.      "Trai  on"  is  being  investigated  by  a  committee  of  the  Ami 

'  Lsso  riation,  and  this  arti  ir  study  o  ibject.     Edi  tor. 


Main-  railway  officials  who  have 
searching  diligently  for  means  to  reduce 
operating  costs  and  secure  needed  increa 
in  revenue  are  demanding  accurate  infor- 
mation as  td  the  conditions  under  which  th< 
ordinal  trollej  ear,  the  trackless  trolley  bus, 
and  the  gasoline  1ms  can  be  used  to  the  besl 
advantage.  The  relative  costs  of  carrying 
passengers  in  these  different  types  of  vehicles 
is  also  of  considerable  importance 

In  this  article  the  writer  has  tabulated  the 
respective  costs  on  a  comparative  basis  for  a 
variety  of  conditions.  In  general,  the  cal- 
culations indicate  that: 

(a  i     Where  rush-hour  headways  oi 

minutes  or  less  are  required  with 
safety  cars,  rail  ears  are  the  most 
economical  and  up  to  six-minute 
headways  offer  successful  competition 
to  the  other  types  where  the  road  is  a 
g(  ling  concern. 

(b)  On  longer  headways  the  trolley  litis 
appears  to  have  the  advantage  due  to 
lower  fixed  charges. 

(c)  The  gasoline  bus  on  account  of  higher 
operating  expense  does  not  offer  com- 
petition to  the  rail  car  until  minimum 
headways  of  10  minutes  are  reached 
on  new  routes  and  20  minutes  on 
existing  lines. 

oil  The  trolley  1ms  is  more  economical 
than  the  gasoline  1ms  up  to  headways 
of  60  minutes  or  longer. 

A  tabulation  of  the  i  i    fields  is  as 

follows: 

Minimum  head's  - ;  rail  ears 

Minimum   I"  6    minutes;  rail  cars  or 

trolley  bus 
Minimu  ,  6  to  60  minutes;  trolley  bus 

Minimum  headways,  60  minutes  or  more;  gasoline 
bus. 
Of    course,    as    the    tabulations    show,    the 
difference  in  favor  of  the  trolley  bus  as  com- 
pared to  the  rail  car  operating  on  headways 
i'ii  and  one-half  or  ten  minutes  on  an 
existing   route   is   too  small   to  warrant 


tgge  lion  that  rails  and  equipmenl 
should  be  scrapped  and  replaced  with  the  new 
form  of  transportation.  It  is  not  until  mini- 
mum headways  of  L5  or  20  minutes  are 
reached  thai  the  estimated  saving  of  the 
trolli  -.  I'lf-  oa  er  an  existing  rail  route  \><  i 
ient  to  justify  such  a  suggestion. 

To  illustrate  these  conclusions  and  to  show 
the    premises    on    which    they    are   based,    a 
number  of  tallies  have  been  prepared,  ai 
presented    subsequently,    in    which    a    direc 
comparison  is  made  of  the  elements  of  invest- 
ment  cost  for  a  rail  system  and  for  the  two 
types  of  buses.    The  actual  cost  of  laying  rail 
in  paved  streets,  of  erecting  overhead  trolley 
lines,    or   of    building    power    stations,    sub- 
ons    or    shops    varies    considerably    as 
between  different  localities,  but  the  unit 
used  in  the  tabulations  are  believed  to  repre- 
tair  averages  for  presc  it  constructs  n. 

For  instance-,  a  figure  of  $60,000  per 
mile  has  been  taken  for  single  track  with  few- 
turnouts  laid  in  a  paved  street.  .s7.~>.ihiii  for 
single  track  with  more  turnouts  for  shorter 
headways,  $100,000  as  about  the  lowest 
estimate  for  a  route-mile  of  light  double 
track  for  safety  cars,  and  $120,000  for  a 
route-mile  of  heavy  track  for  double-truck 
cars.  In  some  localities  tracks  may  lie  laid 
for  less  than  these  figures;  in  most  large 
cities  they  would  be  considerably  exceeded; 
bul  they  are  believed  to  indicate  with  a  fair 
degree  of  accuracy  the  magnitude  of  the 
biggest  item  of  investment  that  can  In-  saved 
by  the  use  of  the  rubber-tired  vehicle. 

Overhead  trolley  lines  using  woodei 
with    cross   spans   can   he   erected    for  about 
$5000  a  mile  where  only  one  trolley  wire  and 
no  feeders  are  required,  and  for  double  track 
with    ordinary    feeders    should    not     e 
$6000  per  mute-mile.     The  two-wire  trolle} 

re   mrcd   for  trolley  buses  costs  about    $c 

per  mile  more  than  the  ordinary  type  of  con- 
duction; $1000  more  per  mile  when  the  line 
is  run  on  both  sides  of  the  street.    The  trans- 
mi     ion   Hue  is  estimated  at   $3500   per  mile. 


RESPECTIVE  FIELDS  OF  RAIL  CAR,  TROLLEY  AND  GASOLINE  BUS       975 


Fig.  1.      Trackless  Trolley  Showing  Operating  Cab,  Foot  Pedals 

for  Operating  Controller  and  Brake  and  Controlling 

Apparatus  for  Collector 


2X 


•-*-" 
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Fig.  2.      Contactor  Control  and  Motor  Equipment  for 
Trackless  Trolley 


Foot-operated  Master  Controller  Mounted 
Trackless  Trolley,  Two  G-E  258  Motors 


Fig.  4.      Interior  View  Trackless  Trolley,  Seating  Capacity  30 

Persons,  Equipped  with  G  E  Railway  Motor  Controller 

and  Collecting  Device 
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and  it  is  assumed  that  the  length  of  the  trans- 
mission system  is  half  that  of  the  distribution 
lines. 

A  summary  of  these  and  other  unit  cost 
figures  is  shown  in  Table  I. 

TABLE   I 

AVERAGE  CONSTRUCTION  COSTS 


Single  track  per  route-mile.  . 
Double  I  iute  mile  . 


t  60,000  to  S  75,000 

100, to     120,000 


The  rail  car  requires  an  investment  in  each 
of  the  items;  the  trolley  bus  dispenses  with 
the  track,  but  necessitates  the  use  of  all  other 
details;  the  gasoline  bus  requires  an  invest- 
ment in  the  vehicles  themselves,  and  in 
storage  and  shop  facilities,  but  eliminates  the 
remaining  construction  charges. 

On  fairly  long  headways,  i.e.,  from  8  to  20 
minutes,  the  fixed  charges  on  the  rail  route 
will  exceed  the  operating  costs,  and  even  on 
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Fig.  5.     Graphical  Cost  Analysis  of  Rail  Car,  Trolley  Bus,  and  Gatoline  Bus 
Ci 
C 


Curves  1 — Present  day  investment  per  mile  of  route  for  rail  serv- 
ice compared  to  investment  for  bus  service  of  equal  capacity 

Curves  2 — Investment  per  mile  of  route  for  rail  service  based 
on  pre-war  costs  for  track  and  structures  and  present  costs 
for  rolling  stock  compared  to  the  investment  per  mile  of 
route  for  bus  service  of  equal  capacity 

Curves  3 — Annual  fixed  charges  per  rou.e-mile  based  on  present 
construction  costs 


Curves  7 — Total  annual  operating  costs  and  fixed  charges  per 
mile  of  route  based  on  present  construction  costs 


,-es  -1 — Annual  fixed  charges  per  route-mile  based  on  pre-war 
costs  for  track  and  structures  and  present  costs  for  rolling  stock 
,-es  5 — Annual  operating  costs  per  route-mile  for  rush-hour 
rail  service.  Headways  compared  to  bus  service  of  equal 
capacity.  Longer  headways  during  normal  hours 
Curves  6 — Total  annual  operating  costs  and  fixed  charges  per 
mile  of  route  based  on  pre-war  costs  for  way  and  structures 
and  present  costs  for  rolling  stock 


Trolley  lines  per  route-mile .  .  .  5,000  to 
Transmission    line    per    route- 
mile 1,800 

Generating   station    per    maxi- 
mum k\v.  output 125 

Substation   per   maximum   kw. 

output      40  to 

Shops  per  car  used 1,500  to 

Double-truck  cars 12,000 

Safety  cars 6,300 

Trolley  buses 8,000 

Gasoline  buses 8,000 


6,500 


50 
2,500 


a  heavy  traffic  route,  they  will  amount  to 
40  per  cent  of  the  total  costs  of  operating  the 
line.  The  handicap  of  these  heavy  invest- 
ment charges  has  given  the  gasoline  bus  its 
opportunity  and  enabled  the  jitneys  to  com- 
pete successfully  in  many  instances  with  the 
established  traction  lines.  The  gasoline  bus 
has  a  higher  power  bill  and  a  higher  main- 
tenance cost  than  the  safety  car,  and  the 
depreciation    of    its    driving    equipment    is 
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dly  more  rapid   than   that    of  electric 

•  and  control  <>n  the  rail  cars;  but  even 

•  many  conditions  of  traffic  it  is  the  more 

he    two   mi  trans- 

p<  rtal  rlov  ever,    its    proponent  -    have 

ntly   tried  |    into  classes   of 

service  when-  its  higher  operating  costs  far 
outweigh  its  saving  in  fixed  .  Under 

such  conditions  it  can  only  continu 
te  by  evading  the  responsibiliti 
service  and  not  covide 

n.    exl  ra  e  [uipment   for  pri 
handling  the  traffic  peaks  mi  ;  night 

for  which  every  traction  company  is  expi 
nip  itself. 
Table  II  is  a  comparison  of  operating  i 
per  car-mile  for  four  .lasses  of  cars.     The  rail 
lata  are  the  averagi  tual  records 

of  a  number  of  companies  using  both 
cars  and  double-truck  cars.  ne  bus 

costs  arc  derived  from  the  records  of  five  repre- 


•1    tires,    1.5   cents   for   the   body   and 
truck,  and  a  the  engine  and  trans- 

mission. 

The   trolley   l>us   would   presumably   have 
•   tires,  body,  and  truck  up- 
bul   only  0.5  cent   for  the  motors  and 
1,  making  its  total  mail 

•  ban  the  ga 
vehicle. 

On    the    power    account,    due    to    higher 
friction,  the  trolley  bus  will  lake  more 

on-mile  than  the  rail  car.  but  its  lighter 
what   more   than    o  fsel    this 
and  make  its  total  power  cost  a  triJe  less  than 
that  of  a  safety  car.    A  gasoline  bus  weighing 
10,000  -  can  make 

only  about  4  miles  to  a  gallon  of  gasoline,  or 
■its  per  mile,   and   oil   and 
1..")  cents  additional;  it  has  therefore  a 
total   ] lower  expense  of   7   cents  per  n 
4.7  cents  more  than  the  trollev  bus. 


TABLE    II 
OPERATING   COSTS   IN    CENTS  PER   CAR-MILE 


Maintenance  of  way  and  structure 
Maintenance  of  equipment 

Power 

All  other  expenses  


Total  operating  expense. 


52-Pass. 

Rail  Car 
36 II 


32-Pass. 

Safe:-.-  Car 
16.000  lb. 


30-Pass. 

10.000  lb. 


Gasoline  Bus 
10.000  lb. 


2.0 

0.7 

3.4 

1.7 

4.0 

8.5 

- 

7.0 

12.(1 

- 

_ 

sentative  bus  companies.  Table  III.  Three 
of  these  use  small  cars  seating  less  than  23 
passengers;  for  these  the  gasoline  and  oil 
costs  have  been  adjusted  to  a  weight  of 
10.000  lb.;  and  for  two  companies  corrections 
have  been  made  on  the  basis  of  using  solid 
instead  of  pneumatic  tires. 

The  costs  of  the  trolley  bus  are  assumed 
to  be  the  same  as  the  safety  car  and  the 
gasoline  bus  as  regards  transportation  charges 
and  general  expenses;  its  maintenance  of  way 
and  structure  covers  repairs  and  renewals  on 
the  overhead  trolley  lines  only;  its  mainte- 
nance of  equipment  is  based  on  the  body  and 
chassis  and  tire  expense  of  the  gasolin 
and  motor  and  control  maintenance  of  the 
safety  car.  For  instance,  safety  cars  on  an 
average  cost  only  1.7  cents  per  car-mile  to 
maintain,  of  which  only  about  0.6  cents  are 
for  repairs  to  the  electrical  equipment.  The 
gasoline  buses  cost  on  an  average  8.5  cents. 
of  which  2.0  cenl  the  maintenance 


The  depreciation  of  a  gasoline  bus  is 
recognized  to  be  much  more  rapid  than  that 
of  a  rail  car;  apparently  this  is  due  to  the 
comparatively  short  life  of  its  engine  and 
transmission.  The  economic  life  of  a  rail 
ear  and  its  equipment  is  at  least  17)  years. 
There  is  no  reason  to  doubt  that  the  body  and 
truck  of  any  well  built  bus  should  last  that 
long.  But  from  all  records  available,  the  gas 
engine  and  transmission  have  a  life  of  not 
over  4  to  7)  years,  and  since  their  first  cost  is 
about  25  per  cent  of  the  equipped  bus.  the 
total  depreciation  is  considerably  higher  than 
for  the  electric  car.  We  have  taken  them 
ctively  at  4.6  per  cent  for  the  rail  car 
and  the  trolley  bus.  and  at  8  per  cent  for  the 
gasoline  bus. 

A-    shown    in  Table    IV.   the    total    fixed 
charges  on  the  rail  system   are    assumed    to 
be   15  per  cent;   9  per  cent    for  intere 
per  cent  for  taxes  and  insurance,  and  3.2  per 
cent   for  depreciation  on   the  entire  physical 
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property      Since  the  cosl   of  cars   with  their  can  us.    track,  overh( 

portion  of  the  total  investmenl    in  a  trollej  be  50  ,    ,,„ 

bus   installation    depreciation    is    figured    al  [n  <    a     i  ,    Tables  X  and  X]    we 

IJ  Per  cen1   an°  the  total   fixed  charges  at  assume  a  greater  number  ol  buses  than  rail 

L5.5  per  cent,     for  the  gasoline  bus  mstalla-  cars  would  be  required  for  rush-houi    ■ 

TABLE   III 
OPERATING   COSTS  OF   GASOLINE   BUSES   IN    CENTS  PER   BUS  MILE 

Line  1       Chicago  Motor  Bus  Co 1919    L0,000-lb.  bus,  solid  tires 

Line  2.     Fifth  Ave.  Coach  Co  1920  10,000-lb.  In,,.   .  ,h,|  tin 

Line  3.     Baltimore  Transit  Co  1920 7,500-lb.  bus,  solid  tin 

H"er-     F°rt  Worth  Auto  Bus  Co  1919..  i,700-lb.  bus,  pneumatic  front  tires,  solid  n 

Line  5.     Goodyear  Heights  Bus  Line  L920.  .  .   8,000-lb.  bus,  pneumatic  tires 


Maintenance 


Maintenance: 

Tire  renewals 

Body  repairs   . 

Engine,  gearing  and  control 

Shop  and  other  experi 


Total  maim  enanc 


Gasoline 

Lubricant 


All  other  operating  expenses 
Total  operating  costs.  . 


Depreciation 

Total  maintenance  with  solid  tires  costs  on  Lines  4 

and  5 

Gasoline  and  oil  corrected  for  10,000  11>.  wt.  on  Lines 

3,  4  and  5  

Other    expenses    corrected    for    one-man    operation 

Lines  1  and  2. 


Total    operating    cosl    of    L0,000-lb.    bus    with 

solid  tires  and  one- man  operation    


2.1 
0.9 


1.9 
10.6 


l.l) 
0.6 
4.11 
1.2 


1.5 

1.4 
4.S 
1.6 


4.11 
0.8 


1.2 


7.1 
1.5 


4.8 
17.3 
32.7 

3.2 
10.6 

4.8 
12.2 

27.6 


6.5 

19. N 

2.4 
6.8 
6.5 
12.3 


8.6 
15.9 

33.8 
6.7 
9.:; 
10.8 
1,5.9 


4.4 

ii  9 
a  a 
l  a 


2.7 

n  a 


a  6 
12.2 
25.4 
9.1 
7.7 
5.6 
12.2 


25.6 


36.0 


25.5 


5.6 

11.9 

3.3 

l.l) 


4.9 
1.5 


6.4 
10.6 
27.8 

1.9 
7.5 
7.7 
10.6 


25.8 


Average 


2  9 
11.9 

1  a 
1.3 


9    I 


IS 

1.2 


9(1 
1.5.2 
30.6 
5.3 
S.4 
7.1 
12.6 


2S.1 


TABLE  IV 
FIXED   CHARGES  ON   TOTAL   INVESTMENT 


Interest  charges   9  n 

Taxes  and  insurance 2.8 

Depreciation                                                       3.2 

Total      15.0 


9.0 
2.8 

3.7 


9.0 
2.8 
6.9 


tion,  for  the  foregoing  reasons,  total  deprecia- 
tion is  figured  at  6.9  per  cent  and  total  fixed 
charges  at  18.7  per  cent. 

In  Tables  V  to  XI,  the  upper  figures  are 
based  on  entirely  new  construction  at  today's 
prices;  the  lower  apply  to  the  company  which 


on  the  assumption  that  a  modern  double- 
truck  rail  car  can  carry  1  '20  passengers  without 
undue  crowding,  a  safety  car  65,  and  a  .'ill- 
passenger  bus  not  over  1.5.  if  the  buses  are  to 
be  kept  within  the  weight  and  price  limits 
specified.     A  comparison  based  on  a  car-for- 
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car  replacement   is  obviously  unfair,   except 
where  the  maximum  numb.  to  be 

carried  is  within  :  capacity  of  either 

type  of  vehicle. 

A  number  of  comparisi  ms  have  I  m 
out,  based  on  differing  density  of  traffic  from 


most  economical  means  of  handling  very 
dense  traffic,  and  that  for  very  short  head- 
ways there  is  little  to  choose  in  first  cost  or 
operating  charges  between  a  comparatively 
small  number  of  large  capacity  double-truck 
rail  cars  of  modern   design   and   the   larger 


table  v 
COST    PER    ROUTE-MILE,   LIGHT    TRAFFIC,   CITY    SERVICE,   FOR    BUILDING    AND 
EQUIPPING   RAILWAY   SYSTEM,   AND   FOR   PROVIDING   EQUIVALENT   PAS- 
SENGER  CAPACITY   WITH   GASOLINE   AND   WITH   TROLLEY   BUSES 


Schedule  speed,  m.p.h 

Normal  headway  (13  hr.  daily)  minutes.  .  . 

Rush-hour  he;;  daily)  minutes.. 

Seats  furnished  per  hour,  normal  headway. 

Maximum  rush-hour  capacity. 

Cars  required,  including  spares. 

Annual  car-miles  or  bus-miles 


15 

10 

128 

390 

1.56 

58,500 


Cost  of  Road  Equipment: 

Single  track 

Overhead  system,  trolley  and  transmission. 

Power  station  and  substation 

Shops  or  garages 

Cars  or  buses 


$60,000 
6,700 
6,000 
2,300 
9,800 


Total  investment $84,800 


v  6,900 
7,600 
3,000 
16,000 

S.3.3,500 


$20,900 


Fixed  charges  at  15,  15.5  and  18.7  per  cent. 
Operating  costs  at  IS. 2,  19  and  27.5  cents.  . 

Total  costs  per  year 

Costs  per  car-mile,  cents 


$12,700 

10,600 


$23,300 

40 


>  3,900 


$22,700 
33.3 


ON   BASIS   OF   TRACK   AND   STRUCTURES  COSTING   50   PER   CENT   OF   ABOVE 


Total  investment. 


Fixed  charges. . . 
Operating  costs. 


Total  costs  per  year. 
Cents  per  car- mile 


$47,300 


7,100 
10,600 


$17,700 
30.3 


3,800 
13,000 


$16,800 


$19,300 


3,600 
18,800 


$22,400 
32. S 


very  light  to  extremely  heavy,  each  based  on 
a  completely  equipped  line  four  to  five  miles 
long,  and  all  costs  reduced  to  the  unit  basis 
of  one  route-mile. 

With  these  prefatory  statements,  the  tables 
are  believed  to  be  self-explanatory.  They 
indicate  clearlv  that  the  railway  is  still  the 


number  of  safety  cars  required,  as  shown  in 
Table  IX.  To  handle  such  traffic  as  this, 
headways  with  the  comparatively  small 
capacity  buses  become  so  short  as  to 
be  prohibitive,  and  their  higher  operating 
costs  far  overbalance  their  saving  in  fixed 
charges. 
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Bui  fur  main-  other  conditions,  particularly 
typical  of  the  n 
lines  in  medium  size  cities,  where  the  maxi- 
mum   traffic   does   not 
less  than  five  or  six  minutes,  the  troll* 
should  chargi 


Fig.  10.     Collector  Head  for  Trackless  Trolley  Eqirpment 


justify  its  use  in  preference  to  either  the  rail 
car  or  the  gasoline  bus. 

For  instance,  in  the  figures  of  Table  Y  a 
very  common  situation  is  pictured,  i.e.,  a  line 
on  which  an  all-day  headway  of  15  minutes 
with  a  medium  size  rail  car  is  sufficient  but 
on  which  the  morning  and  evening  loads 
require  a  10-minute  headway.  We  assume 
that  safety  cars  would  be  used  on  the  rail 
route  and  that  they  would  maintain  a  schedule 
of  nine  miles  per  hour.  If  buses  were  used, 
presumably  they  could  run  somewhat  faster 
due  to  their  ability  to  run  past  slower  moving 
vehicles,  and  because  of  their  smaller  load  in 
rush  hours.  The  figures  are  based  on  a  4.5- 
mile  route  on  which  the  safety  cars  required 
60  minutes  for  the  round  trip  and  the  buses 
54  minutes.  Even  so,  to  carry  away  an  equal 
number  of  passengers  during  the  rush  hours 
will  require  eight  buses  on  a  0.75-minute 
headway  as  against  six  safety  cars,  10  minutes 
apart.  One  spare  car  is  allowed  in  the  case 
of  the  safety  car  line  and  for  the  trolley  bus 
route,  and  two  spares  if  gasoline  buses  are 
used,  because  of  the  greater  chance  of  failure 
with  the  gasoline  engine. 


Power  re'iuirements  are  based  on  the  rail 
iie  car.    150  watt-hours  per 
ton-mile,    and    the    trolley    bus    takinj 
watt-1  v  re- 

are  in- 

nt  f<T  line  losses  ami     ' 
■  T  conversion.     On  either  vehicle, 
rs    are   assumed    to   take   a   continuous 
maximum  input  of  12  amp. 

al  investment  required  for  a  new 
rail  line,  under  these  conditions,  00  per  cent 
is  saved  by  using  the  trolley  bus  and  7 
cent  by  equipping  with  gas  buses,  and  the 
saving  is  very  material  even  against  the 
any  using  old  rail  and  structures.  The 
charges  are  therefore  distinctly  lower 
for  litis  systems,  but  the  gasoline  buses 
cost  so  much  more  to  opera  e  total 

annual    cosl    of  the  line  using   them   is   prac- 
tically the  same  as  for  the  new  railroad,  and 
;   cent  higher  than  for  the  existing  rail 

The  operating  cost  of  the  trolley  bus,  how- 
is  so  little  more  than  that  of  the  rail  car 
that  it  does  not  offset  the  savings  in  the 
fixed  charges,  and  its  total  cost  of  service  is 
the  lowest  of  the  three  systems. 

Another  common  traffic  condition  is  shown 
in  Table  VI;  a  route  that  would  be  satis- 
factorily handled  with  safety  cars  on  10- 
minute  normal  and  7.5-minute  rush-hour 
headways,  and  where  buses  would  have  to 
run  on  a  5-minute  spacing  to  give  equivalent 
rush-hour  capacity. 

Here  again  the  use  of  the  trolley  bus  is  the 
cheapest  way  to  equip  a  new  line  or  to  extend 
an  old  one;  the  gasoline  bus  the  most  ex- 
pensive means. 

As  the  traffic  grows  more  heavy,  as  in 
Table  VII,  the  advantage  of  the  trolley  bus 
over  the  rail  car  diminishes,  but  its  advan- 
tage over  the  gasoline  bus  continues  in  the 
same  proportion  as  before.  The  figures 
indicate  that  to  re-equip  an  existing  line 
would  show  a  total  loss  rather  than  gain  by 
abandoning  rail  operation. 

With  headways  as  short  as  shown  in  Table 
VIII,  rail  operation  is  practically  as  cheap  as 
trolley  bus  service,  even  in  the  case  of  new 
construction;  on  the  old  rail,  operation  is 
decidedly  more  economical. 

In  Table  IX  we  show  a  very  heavy  traffic 
route,  which  could  use  large  modern  double- 
truck  cars,  for  instance  the  Peter  Witt  type, 
on  four-minute  and  two-minute  headways. 
It  might  be  practicable  to  use  safety  cars  on 
such  a  route,  though  the  rush-hour  headways 
would  be  rather  short,  but  no  real  advantage 
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would  be  gained,  their  total   co  I    oi    :ervice 
being  practically  equal  to  thai    oi    thi 
cars.      Mai  \    per  n  m     are  coming   to  belie\  e 
that  Witt  cars  can  be  one  nun  operated,  and 
as  such  they  would  shovi   by  far  the  Lowi 
cost  of  any  vehicle  that  could  be  emplo;  i  .1 

The  enormous  number  of  buses  thai  would 
be  required  for  this  kind  of  traffic,  necessitat- 
ing headways  of  45  seconds,  throws  them  oul  of 
the  competition.  Their  use  would  nol  only  tre- 
mendously increase  street  congestion,  hut  would 
very  considerably  increase  the  cost  of  service. 

The  only  place  where  the  gasoline  bus  can 
successfully  compete  with  the  rail  system  is 
where  traffic  is  so  light  that  bus  headway  s  i  if 
20  minutes  or  longer  afford  sufficient  service. 
In  tabulations  X  and  XI  trolley  and  gasoline 
buses  on  20-  and  30-minute  all-day  headways 
are  compared  with  a  safety  car  installation 
operating  at  the  same  speed  and  frequency. 
With  20-minute  service,  the  old  rail-route 
about  balances  in  total  cost  with  the  gasoline 
bus  line;  at  today's  construction  expense,  the 
gasoline  bus  is  distinctly  cheaper.  At  30- 
minutes,  the  advantage  is  decidedly  in  favor 
of  the  gasoline  car.  But  at  either  headway, 
the  trolley  bus  will  have  the  lowest  total  cost 
of  the  three,  and  calculations  indicate  that  its 
advantage  over  the  gasoline  vehicle  holds 
up  to  headways  of  one  hour  or  longer. 


In  |  :     I   I        1  !   ill 

for  which  the  ra 

il    is    the   most    econo 

;en      bul    then     i     another, 
and  perhap     i  which 

olle;    I  hi    can  furnish  equi  alei      ervio 
a1    a   Li  iwei    ci  ist    than   can    I : 
I  in  comparison  with  the  rail  system,  the 

field  for  the  gasoline  1ms  is  very  limited, 
(on  headways  of  20  mmuies  or  longer)  while 
ripan  d  v  ith  the  trolley  bus  it  has  no 
plane  in  a  city  transportation  system,  except 
where  it  is  impossible  to  erecl  an  overhead 
trolley  line. 

The  trolley  bus,  however,  furnishes  an 
important  contribution  to  the  art  of  trans- 
portation, because  its  possibilities  enable 
transportation  companies  to  extend  their 
lines  into  the  suburbs  or  into  new  sections  of 
a  city,  with  an  investment  (ill  to  80  per  cent 
less  than  is  required  for  a  track  system,  and 
to  be  able  to  operate  cars  over  the  new  route 
for  two-thirds  of  the  cost  of  gasoline  buse 
With  these  trackless  electric  vehicles,  it  should 
be  possible  very  considerably  to  extend  the 
services  of  the  city  transportation  com- 
panies and  to  benefit  simultaneously  the 
traveling  public  and  the  electric  railway 
security  holder. 


Peter  Witt  Type  of  Rail  Car,  Suitable  for  Heavy  Traffic  Routes 
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current  limit  relays,  or  by  tl 
contactors      However,  because  of  the  limita- 
of  the  series  contactor,  the  more  widely 
used  system  is  that  having  shunl 
and    current    limit    relays.      A    satisfactory 
system    extensively    applied    today    us 


Control  Equipments  for  Steel  Mill  Auxiliary  Motors* 

By  J.  I).  Wright 

Power  \m>  Mining  Engineering  Department,  Gi  ni  km.  Elei  ihh   Company 

The  present  standard  control  equipment  for  automatically  accelerating  steel  mill  auxiliary  motors 
-  the  principle  of  current  limit  control,  involving  the  use  of  shunt  contactors  and  current  limit  relavs. 
The  relay  coil  is  connected  in  series  with  the  motor  and  consequently  coils  of  various  capacities  are  required 
in  order  to  adapt  tins  system  to  motors  of  various  sizes.  Further  objections  to  this  method  are  sometimes 
encountered,  such  as  the  difficulty  of  obtaining  sufficiently  low  calibration  where  the  machine  is  over  motored, 
and  in  certain  forne  y  of  mechanic  ntactor  and  relay  is  troublesome.     This 

article  describes  a  system  of  control  in  which  a  single  self-contained  relay  may  be  used  for  all  sizes  of  motors 
and  in  which  only  one  size  of  relay  coil  is  required  for  a  given  voltage.  The  equipment  functions  on  a  trulv 
current  limit  principle;  but  instead  of  the  line  current  passing  through  the  relay  coils  the  relavs  are  excited 
by  the  voltage  drop  across  the  starting  resistor,  which  of  course  is  proportional  to  the  line  current.  This 
change  results  in  a  marked  simplification  of  equipment  and  thoroughly  satisfactory  operation.    -Editor. 

mill  auxiliary  motors  driving  mill 
taMes.  screw  downs,  side  guards,  etc.  are 
subjected  to  the  severest  service  to  be  found  in 
any  application  of  electric  drive.  Further- 
more, uninterrupted  operation  is  of  extreme 
importance,  since  delays,  even  if  slight. 
beo  ime  costly. 

In  developing  the  control  for  these  auxiliary 
motor  peration  has  existed  between 

the    steel    mill    electrical    engineer    and    the 
manufacturer  and  rapid  progress  has  resulted. 
Special  effort  by  the  manufacturer  to  obtain 
complete    knowledge    of    the   operating    con- 
ditions has  enabled  him  to  design  simple  and 
sturdy  apparatus  which  will   function  prop- 
erly  in    this    severe    service.      Careful    study 
has    been    made    of    control    equipments    in 
:h  has  suggested  modifications  here 
and  there  and  resulted  in  the  elimination  of 
those    features    which    were    the    cause    of 
rouble;  simplicity  is  highly  desir- 
and  this  qualification  has  been  can- 
die  extn 

The  earliest  applications  of  control  for  steel 
mill  auxiliary  motors  showed  at  once  that 
some  means  of  automatic  acceleration  was 
desirable  in  order  to  reduce  the  excessive 
cost  of  repairs  on  electrical  and  mechanical 
equipment,  occasioned  by  the  impropi 
of  manually  operated  controllers. 

Many    schemes   were    tried,    such    as    time 
limit  control  (generally  obtained  by  tl 
of   some    form    of    dashpot).    counter    e.m.f. 
starters,    and    finally    current    limit    control 
in  which  pi  ■  '■  ration  of  the  motor  is 

ned  by  allowing  the  contactors  which 
■  un  oiu  tlie  starting  resistor  to  close  only 
when  the  accelerating  ourrent  has  falli 
the  desired  value.  At  the  present  time  the 
standard  method  is  current  limit  control. 
obtained  by  the  use  of  shunt  contactors  and 

•Rewritten  for  the  General  Electric  Review  from  a  paper 
presented  at  the  Chicago  section  of  the  Association  of  I' 
Steel  Electrical  En 


Fig.  1.      Voltage-drop  Relay 

current  limit  relay,  held  open  mechanically 
by  the  contactor  with  which  it  is  used.  This 
relay  naturally  drops  by  gravity  when  its 
contactor  closes  but  may  be  held  up  magneti- 
cally if  sufficient  current  is  passing  through 
the  relay  coil.  This  coil  is  connected  in  series 
with  the  motor  and  therefore  must  have  a 
i  capacity  corresponding  with  the  size 
of  motor  with  which  it  is  used.  As  a  result, 
coils  of  several  different  capacities  must  be 
a\ailable  in  order  to  adapt  this  system  to 
various  sizes  of  motors.  Difficulty  migl 
experienced  in  getting  a  sufficiently  low 
calibration  where  the  drive  is  over-mot  "red 
Furthermore,    the    necessitv    of    mechanical 
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connection  between  contactor  and  rela)    ha 
in  some  cases,  been  objectionable. 

It  is  evident  thai  if  a  system  were  devised 
whereby  a  single  self-contained  relay  could 
be  used  for  all  sizes  of  motors,  and  if  for  a 
given  line  voltage  onlj  one  size  of  relax  coil 
were  necessary,  a  great  simplification  in  the 
control  would  be  effected.  This  paper  de- 
scribes such  a  system,  in  winch  the  starting  of 
the  motor  is  controlled  \>\  currenl  limit 
relays,  actuated  not  directly  by  the  curr<  nl 
flowing  in  the  circuit  but  by  the  voltage 
across"  the  starting  resistor.  This  voltage  is 
proportional  to  the  current  flowing  in  the 
resistor  and  the  relay  therefore  functions  on  a 
truly  current  limit  scheme. 

The  type  of  relay  used  has  been  called  a 
voltage-drop  relay  and  is  illustrated  in  Fig.  1 
It  has  two  independent  magnetic  circuits  with 
an  upper  .  calibrating  coil  A  and  a  lower 
assisting  coil  B.  The  air  gap  adjusting  nuts. 
C  and  D,  are  fastened  to  studs  which  screw 
into  the  armature  E  and  are  held  by  lock  nuts 
F.  The  compression  spring  G  holds  the  relay 
contacts  normally  closed.  In  order  to  remove 
a  coil  the  pin  H  is  taken  out,  thereby  allowing 
the  armature  E  to  drop.  The  core  I,  which 
fastens  the  coil  to  the  frame,  may  then  be 
unscrewed. 
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Fig.  2.      Range  of  Calibration  of  Voltage-drop  Relay 
on  250-volt  Circuit 

Both  coils  of  the  relay  arc  energized  t<>  pick 
up  the  armature,  thereby  opening  the  relay 
contacts.  However,  after  being  picked  up 
the  assisting  coil  is  short  circuited  by  a 
contactor  as  described  later,  so  that  the 
voltage  at   which   the  armature  will   release 
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Fig    2  shows   the  calibration   cun  e 
voltage-drop  relay  designed  for  operation  on  a 
250-volt  direi  I  currei  I  circuil      The  armature 
will  he  picked  up  by  the  assist  nc  coil,  acting 
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g  Starter  with  Voltage-drop  Relay 

alone,  at  approximately  ('>."">  volts,  and  the 
drop  out  with  only  the  calibrating  coil 
energized  may  he  varied  from  approxi- 
mately 20  volts  to  2'2t)  volts  by  turning  the 
calibrating  coil  adjusting  nut  so  as  to  increase 
the  upper  air  gap. 

A  typical  scheme  of  connections  for  a 
single  point  non-reversing  starter  is  shown 
in  Fig.  3.  As  soon  as  the  line  switch  is  closed 
the  calibrating  and  assisting  coils  of  the  relay 
are  connected  in  series  across  the  line  and  the 
armature  is  picked  up.  This  causes  the 
contact  at  A  to  be  opened  and  the  contact 
at  B  to  be  closed.  When  the  starting  push 
button  is  closed,  current  flows  from  L-l 
through  the  stop  push  button,  through  the 
start  push  button,  through  contact  B  and 
through  the  coil  of  the  line  contactor  to  tin- 
other  side  of  the  line.  This  closes  the  line 
contactor,  and  its  interlock  C  establishes 
a  holding  circuit  through  the  stop  push 
button.  The  closing  of  the  line  contactor 
short  circuits  the  relay  assisting  coil  and 
leaves  the  calibrating  coil  connected  across 
the  starting  resistor  so  that  the  voltage  on 
the  calibrating  coil  is  proportional  to  the 
current  flowing  through  the  resistor.  When 
the  motor  is  started  from  rest  this  voltage  is 
practically  equal  to  full  line  voltage,  but  as 
the  motor  accelerates  its  counter  e.m.f. 
increases,  thereby  reducing  the  current  from 
the  line  and  the  voltage  on  the  coil.  At  a 
predetermined  voltage  the  relax-  armature 
releases,  closing  contact   A.  which  causes  the 
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:  actor    to    close    and    short 
circuit  the  starting  resistor. 

4  has  been  prepared  to  show  the  con- 
iils  on  a  tj ; 
ted  mill  control  panel  and  the  v< 
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Fig.  4.     Voltage  Applied  to  Voltage-drop  Relay  Coils 
Various  Control  Points  of  a  Reversing  Panel 


ed  to  these  coils  on  the  various  control 
points. 

Four  relays  are  used,  two  of  which  control 
the  closing  of  contactor  1,  which  short 
circuits  the  plugging  resistor.  Relay  F 
controls  the  closing  of  contactor  1  when 
contactors  F  close,  and  relay  R  controls  the 
closing  of  contactor  1  when  contactors  R 
close.  Relay  2  controls  the  closing  of  con- 
tactor 2  and  relay  3  the  closing  of  contactor  3. 

The  connections  from  the  master  con- 
troller through  the  relay  contacts  to  the 
reversing  and  accelerating  contactors  have 
been  omitted  in  order  to  simplify  the  dia- 
gram. With  the  controller  in  the  off  posi- 
tion, all  contactors  are  open  except  the  circuit 
breaker  contactor  CB.  On  this  point  the 
calibrating  coils  and  the  assisting  coils  of  the 
relays  F  and  R  are  in  series  across  the  line. 
As  a  result,  both  relay  armatures  are  picked 
up  and  the  contacts  opened  in  readiness  for 
action  when  the  forward  or  reverse  con- 
tactors are  closed.  If  the  controller  is 
thrown  to  the  forward  position,  the  con- 
tactors F  close  and  voltage  conditions  on  the 
relay  coils  are  as  shown  in  column  1  under 
"Forward."     The  lower  left  hand  contactor 


:t  circuits  the  assisting  coil  on  relay  F 
and  connects  the  calibrating  coil  across  the 

ection  of  the  resistor  R-l,  so  that  the 
lied  to  this  coil  is  equal  to  the 
Ik    drop   across   the   resistance.      This   drop 
decreases    as    thi  until 

at  a  predetermined  value  the  relay  F  arma- 
ture releases  and  closes  contactor  1.     How- 
ever, as  soon  as  contactors  F  close,  the  arma- 
2  and  3  are  picked  up  by  the 

i  drop  across  R-l,  R-2  and  R-3  as 
se  relays  are  ready  to 
function  when  required.  The  closing  of 
contactor  1  short  circuits  the  assisting  coil  of 
relay  2.  When  the  voltage  across  R-2 
decreases  to  the  setting  of  relay  2,  its  arma- 
ture will  release  and  close  contactor  2,  which 
in  turn  short  circuits  the  second  section  of 
the  resistor  R-2  and  also  the  assisting  coil  on 
relay  3.  In  the  same  way  the  armature  of 
relay  3  is  released  when  the  voltage  drop 
across  R-3  has  decreased  to  the  relay  setting, 
and  contactor  3  is  closed. 

Tt  will  be  seen  that  on  all  points  "Forward" 
the  relay  R  remains  open  with  full  voltage  on 
the  assisting  coil.  On  all  points  "reverse" 
the  relay  F  remains  open  and  the  closing  of 
contactor  1  is  controlled  by  the  relay  R. 
Relays  2  and  3  function  for  reverse  operation 
in  the  same  manner  as  for  forward  operation. 


Fig.  5.     Reversing  Controller  with  Voltage-drop  Relays 

Fig.  5  is  a  diagram  showing  all  connections 
for  a  reversing  equipment  with  two  contac- 
tors for  cutting  out  the  starting  resistor. 

The  voltage-drop  relay  possesses  a  rather 
interesting  characteristic  which  can  be  ef- 
fectively utilized  on  control  equipments  for 
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motors  which  operate  under  variable  load 
conditions.  This  is  a  small  time  lag  in  the 
releasing  of  the  relay  armature  which  occurs 
after  the  assisting  coil  is  short  circuited 
lag  is  caused  by  the  relatively  slow  decrease 
in  flux  due  to  the  self  induction  of  the  shorl 
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Fig.  6.     Accelerating  Curves  of  Series  Motor  with  Acceleration 
Control  by  Voltage-drop  Relays 

circuited  coil.  This  lag  may  be  varied  from 
approximately  0.05  seconds  to  0.3  seconds  by 
changing  the  position  of  the  assisting  coil  air 
gap  adjusting  nut.  Change  in  this  gap  of 
course  does  not  affect  the  calibration  of  the 
relay  as  fixed  by  the  position  of  the  calibrating 
coil  air  gap  adjusting  nut. 

Advantage  can  be  taken  of  this  time  lag 
by  calibrating  the  relays  to  close  the  accelerat- 
ing contactors  at  a  relatively  high  value  of 
current,  for  example,  at  a  current  to  give 
twice  normal  torque.  This  would  allow 
acceleration  of  the  motor  when  heavily 
loaded,  but  when  lightly  loaded  the  time  lag 
would  produce  an  effect  equivalent  to  a 
lowered  current  limit  setting.  That  this 
time  lag,  small  though  it  may  be,  is  effective 
in  reducing  the  current  peaks  when  the  motor 
is  accelerating  a  light  load  is  evident  from  the 
curves  shown  in  Fig.  G  which  have  been 
plotted  from  oscillograph  records.  The  tests 
were  made  on  a  70-h.p.  230-volt  series  mill 
type  motor. 

In  each  of  the  curves  the  full  lines  repre- 
sent   the    current    input    to    the   motor,   the 


horizontal  dotted   lim    the  currenl    valu< 
which    the   relay   armature  A    the 

point  at  which  the  relay  clo  factor 

coil  circuit,  and  B  the  poinl  at  whirl,  the 
contactor  closes  and  short  circuits  a  block 
of  resisi. 

The  first  curve  shows  the  currenl 
when  starting  with  a  load  torque  of  approxi- 
mately 180  per  oi  in  o  Le  (154 
per  rent  current)  and  with  a  current  limit 
set  i  in-  of  17:;  per  cenl  oi  rn  n  mal  <  u 
The  maximum  accelerating  peak  is  268  per 
and  the  time  reqi I  to  pu1  the  motor 


s~ 

.' 

r 

y 

~y 

2 

/ 

. 

r 

/ 

~£_ 

/ 

*~ 

T 

^ 

/ 

J 

50  IOC  150 

Per  cent  LoodTorpue 


Fig.  7.     Curve  Showing  Decn 
Light  Loads  Plotted  fro 


:  of  Current  Peaks  i 
:urves  in  Fig.  6 


Fig.  8.     Method  of  Calibrating  Voltage-drop  Relays 

armature    directly    across    the    line    is    1.6 
seconds. 

The  second  curve  shows  the  current  when 
accelerating  against  full  load  torque  (100  per 
cent  current)  with  the  same  current  limit 
setting  as  in  the  first  curve.     The  maximum 
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is  220  per  cenl  and  thi 
required  to  ■  'tor  armal  u 

that  the  cum  at  which  the  last  two 

tally  lower  than  in 

time  lag  in  ati<  >n  of  I  he  relays 

and  contactors. 

third  curve  shows  the  currenl    when 

against    approximately     10    per 

cent   full   load    torqu      60   |  ier  cent   currenl 

with    the    same    high    current    limit    setting 

1  [ere  a  e  <  losing  of  the  o  mtactors  was 

limited  only  by  their  own  time  lag  and  that  of 

[ays,  bul  the  maximum  peak  is  reduced 

to   approximately    180   per   cent.     The   time 

required  to  put  the  motor  armature,  directly 

-  the  line  is   1 .  1 1'  seconds. 

The  last  two  curves  show  acceleration  with 

trrent  limit  setting  of  the  relays  reduced 

to  approximately  90  per  cent  full  load  current 

and  accelerating  against  load  torques  of  77 

nt  and  7)7  per  cent.     In  both  of  these 

curves  the  acceleration  was  entirely  current 

limit  and  not  time  limit  as  in  the  second  and 

third  curves. 

The  curve  in  Fig.  7  has  been  plotted  to  show 

the  maximum  accelerating  peaks  for  various 

with  a  fixed  current  limit  setting  and 

illustrates  clearly  the  decrease  in  current  peak 

with  decrease  in  load. 

The  calibration  of  the  relays  is  very 
readily  accomplished  by  means  of  a  small 
adjustable  rheostat  and  voltmeter,  as  shown 
in  Fig.  8.  Xo  large  current  is  required  for 
cattl  'ration  and  a  set  of  relays  can  be  adjusted 
before  being  put  in  stock.  They  can  be  used 
with  any  size  of  motor  which  uses  the  same 
number  of  accelerating  contactors.  Only  one 
type  of  relay  and  only  one  size  of  coil  is 
required  for  all  sizes  of  motors  designed  for 
the  same  voltage. 

The  relays  may  be  grouped  together  on  a 
control  panel  as  shown  m  Fig.  !i  anil  readily 


rom  dusl  and  din  by  an  enclosing 
which  may  be  locked,  thus  previ 
in  the  ad 
unauthorized  persons. 

This    sch.  control    also    provides   a 

mean-,  for  the  eliminati  m  of  electrii  al 


f 


Fig.  9.      Standard   Reversing  Control  Panel  with   Voltage-drop 
Relays  Mounted  on  Lower  Right  Section 

locks.  The  only  interlock  used  is  that  on  the 
circuit  breaker  contactor,  this  one  being 
necessary  to  provide  under-voltage  protection. 
An  increase  in  the  resistance  of  the  starting 
resistor,  due  to  heating,  tends  to  decrease  the 
corresponding  motor  current  value  at  which 
the  relay  drops  out.  An  increase  in  the 
resistance  of  the  relay  shunt  coil,  due  to  heat- 
ing, tends  to  increase  the  corresponding  motor 
current  value  at  which  the  relay  drops  out. 
These  two  factors  approximately  neutralize 
each  other  so  that  the  drop  out  of  the  relay 
occurs  at  approximately  the  same  value 
under  operating  conditions. 
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The  Electrification  of  Merchant  Ships 

By  E.  I).  Dickinson 

Marini  Engineering  Department,  Generai    Electrii  Company 

.,.,,.  "The  Electrifies  chant   Ships"  is  a  problem  of   to  trification  of  Mills"  and 

The  Electrification  of  R  a  M    tory  is  likely  to  :  Hand 


of  Merchant  Ships." — Editor 

Undoubtedly,  some  day  a  comprehen  i  . 
book  will  be  written  describing  in  sufficienl 
detail  the  application  of  electricity  to  all  ships. 
Since  there  are  many  special  consideration's 
affecting  its  use  oil  fighting  ships,  electricity 
on  merchant  ships  should,  therefore,  be 
considered  apart  from  its  application  to 
naval  vessels.  At  this  particular  time,  when 
much  thought  is  being  given  to  the  future  of 
our  Merchant  Marine,  it  would  seem  most 
suitable  that  we  should  discuss  the  appli- 
cation of  electricity  to  our  vessels  engaged 
in  mercantile  transportation. 

There  is  little  question  but  thai  we  are  all 
looking  forward  to  a  re-establishment  of  our 
Merchant  Marine,  and  from  time  to  time  we 
hear  discussions  as  to  just  what  should  be 
done  in  its  interests.  There  is  a  great  diversity 
of  opinion,  and  in  order  that  we  may  intelli- 
gently consider  all  phases  of  the  subject,  it  is 
essential  that  we  familiarize  ourselves  with 
existing  conditions. 

Mercantile  shipping  is  probably  the  most 
highly  competitive  business  in  the  world. 
Goods  are  transported  between  ports  on  the 
seven  seas,  and  naturally  the  owners  of  these 
goods  will  avail  themselves  of  the  least 
expensive  means  of  having  them  carried.  In 
a  few  cases  sentiment  may  play  a  part,  but 
no  serious  consideration  should  be  given  to 
this  factor.  The  Glasgow  (Scotland)  Herald 
of  December  .'ill,  1920,  published  an  interest- 
ing article  by  W.  J.  Noble,  President  of  the 
Chamber  of  Shipping,  which  reads  in  part  as 
follows : 

"As  the  seas  are  free  I"  everyone,  so 
British  ports  are  free  to  everyone.  The 
same  port  charges,  no  more  and  no  less,  are 
levied  on  foreign  vessels  and  fin  British 
vessels;  the  state  does  not  even  reserve  the 
trade  around  our  coast  to  ships  under  the 
British  flag,  but  offers  to  all  shipping  abso- 
lute equality  of  treatment.  No  industry  is 
consequently  confronted  with  keener  com- 
petition than  the  shipping  industry,  with  the 
result  that  this  island  country,  far  from  being 
at  the  mercy  of  the  British  ship  owner, 
always  obtains  the  lowest  world  price  lor  the 
carriage  of  its  imports  and  exports 


It   is  difficult   to  see  how  laws  cat 
which  will  he  of  any  material  benefit   to  ships 
in  a  foreign  trade.   Any  particular  advai 
that    may  lie  granted   to  ships  under  OU1 
can   I.e.   and    mosl    likely   will   be,   nullified    b 
similar  advantages  granted  bj  othei  countrie 
i.i  their  own  dnp  owners.  There  seems  to  be  a 
common  belief  thai   many  foreign  ships  arc 
highly    subsidized.       This    is    not    quite    true. 
The  writer  would  call  attention  to  a  paragraph 
appearing  on  page  . ")  1  of  a  pamphlet  issued  in 
L916   by   the    Department    of   Commerce   in 
Washington  and  prepared  by  Grosvenor  M 
Jones,  reading  as  follows: 

"At  no  time  in  its  history  has  Great 
Britain  paid  a  general  bounty  on  the  con- 
struction or  operation  of  merchant  ships.  Its 
financial  aid  has  been  limited  to  the  payment 
of  fixed  amounts  for  the  regular  transportation 
of  British  and  colonial  mails  on  specified 
routes  by  companies  with  which  special 
contracts  have  been  made.  No  general 
bounties  have  been  given,  as  in  France,  Italy, 
Austria  and  Spain,  for  all  vessels  built  in 
domestic  yards  or  for  all  vessels  operated 
under  the  national  flag.  In  fact,  the  direct 
financial  aid  extended  by  the  British  Govern- 
ment has  at  no  time  reached  more  than  5  per 
cent  of  the  total  tonnage  under  the  British 
flag,  and  has  not  benefited  the  hundreds  of 
cargo  ships  which  have  been  the  main  source 
of  strength  of  the  British  Merchant  Marine 
and  the  chief  reliance  of  British  industry  and 
trade." 

You  may  perhaps  ask  what  has  all  this  to 
do  with  electricity  on  merchant  ships'  It 
has  everything  to  do  with  it,  and  we  must 
realize  that  the  question  is  entirely  an 
economic  one — economic  m  it.  broade 
interpretation. 

It  is  not  sufficient  to  show  that  there  will 
be  a  reduction  in  the  amount  of  fuel  required, 
but  all  the  other  factors  affecting  operation 
must  be  given  pn  'per  ci  insideration.  In  other 
words,  a  ship  electricalry^equipped  must  show 
a  better  return  for  the  money  invested  than 
one  fitted  with  steam  machinery. 

To  deetde  on  the  most  suitable  equipment. 
proper    consideration    must    be    given    to   all 
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factors  entering  into  operation  and  a  detailed 
comparison  made  between  the  types  of 
equipmenl  winch  are  being  considered.  The 
time  for  hasty  decisions  is  past,  and  from 
now  on  there  will  be  no  excuse  for  owners 
installing  equipmenl  withoul  having  made  a 
l  h<  rough  in>  i 

In  ri  il  is  risk}-  to  deal  in  gener- 

hi  nothing  is  this  so  exempli) 
in     the     diversified     engineering     problems 
presented   in    the   study    of   the   economical 

if  merchant  ships.  It  i  reco 
nized  years  ago,  though  fuel  was  relatively 
.  thai  for  certain  classes  of  trade 
efficienl  machinery  would  be  war- 
ranted,  whereas  for  short  trips  the  least 
expensive  reliable  machinery  would  prove 
most  economical  in  the  yearly  operation  of  a 
ship.  The  problem  has  been  intensified  by 
ed  conditions,  fuel  and  other  items 
having  been  increased  in  cost,  available 
cargoes  having  been  decreased,  and  more 
i  the  trade  that  is  offered;  in 
other  words,  competition  is  keener  and 
operating  costs  higher.  Therefore,  as  is 
natural  in  all  commercial  enterprises,  greater 
care  must  be  taken  to  eliminate  all  avoidable 
costs  in  operation.  For  this  reason,  engineers 
interested  in  our  Merchant  Marine  will  be 
expected  to  study  the  problem  from  all 
angles  and  be  familiar  with  the  various 
details  entering  into  the  operating  cost  of 
ships  to  a  far  greater  extent  than  has  been 
the  case  heretofore. 

Operating  Expenses 

The  costs  of  operating  merchant  ships  are 
commonly  classified  as  Capital  Charges  and 
Operating  Expenses.  Capital  Charges  consist 
of  interest  on  the  investment,  depreciation, 
and  very  often  insurance  on  the  hull. 

Operating  Expenses  consist  of: 

1.  Port  charges,  including  wharfage,  steve- 
doring, lighterage,  port  fees,  canal  dues,  and 
tug  boat  charges 

2.  Fuel  and  lubricating  oil 

3.  Salaries  and  subsistence 

4.  Upkeep — deck  department 

5.  Upkeep — engine  department 

6.  Supplies 

7.  Insurance  on  cargo 

8.  Loss  and  damage. 

To  give  an  idea  of  the  cost  of  operating  a 
7S00  dwt.  ship,  an  article  recently  published 
in  the  Daily  Marine  Record  and  also  in  the 
daily  press,  gave  a  figure  of  $500  per  day 
which  included  interest,  depreciation,  insur- 
ance, repairs,  wages,  subsistence,  stores,  etc., 
but   did   not   include   fuel.      In   this   figure, 


insurance  is  based  on  the  high  value  of  $175 
per  dwt.  ton  placed  on  the  vessel  by  the 
Shipping  Board.  The  total  may  be  divided 
approximately  as  follows: 

Interest 864  per  day 

Insurance 90  per  day 

iireciation  and  obsolescence.   52  per  day 

Maintenance  and  repairs 60  per  day 

Wages  and  subsistence 160  per  day 

Stores  .VI  per  day 

Loss  and  damage 20  per  day 

To  this  must  be  added  port  charges.  These 
vary  greatly  and  will  depend  on  the  ports  of 
call,  number  of  trips  per  year,  seasons  of  the 
year,  terminal  facilities,  and  many  other 
factors. 

Taking  the  case  of  a  7800  dwt.  ship,  valued 
at  $50  per  dwt.,  making  '.',  round  trips  of 
about  12,000  miles  per  trip  per  year  at  an 
average  speed  of  9.5  knots,  the  total  expenses, 
say  between  the  East  and  West  Coasts,  would 
be  approximate!}-  as  follows: 
Fixed  charges 

Interest $64  ]  ier  day 

Insurance 44  per  day 

Depreciation  and  obsolescence    52  per  day 

Total  fixed  charges $160  per  day 

Operating  expenses 

Port  charges $410  per  day 

Fuel,    water,    and   lubricating 

oil 200  per  day 

Wages  and  subsistence 160  per  day 

Maintenance  and  repairs 60  per  day 

Stores 54  per  day 

Loss  and  damage 20  per  day 

Total  operating  expenses. .  .$904  per  day- 
Total $1064  per  day 

In  this  estimate,  the  ship  w:ould  be  at  sea 
for  162  days  in  the  year,  or  for  44  per  cent  of 
the  time,  making  a  yearly  total  of  36,000 
miles,  which  agrees  with  the  records  of  a  large 
number  of  cargo  vessels  in  service. 

It  will  be  evident  that  any  means  which 
will  reduce  the  time  taken  for  loading  and 
unloading,  so  as  to  keep  the  ship  at  sea  for  a 
greater  portion  of  time,  will  add  greatly  to  the 
earning  power  of  the  ship.  Port  charges  which 
in  this  case  approach  40  per  cent  of  the  total 
charge  vary  with  the  time  in  port.  An  extra 
trip,  or  part  of  a  trip,  may  change  a  loss  to  a 
net  profit. 

A  great  deal  has  been  written,  and  much 
time  has  been  given  to  the  discussion  of 
electric  ship  propulsion.  At  first  glance  it 
would  appear  that  the  initial  cost  would  be 
greater  and  the  efficiency  lower  without  any 
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compensating  advantages.    Studies  oi  specifii 
cases  show  thai    this  is  nol    always  a 
It  is  impossible  to  make  a  general  stat< 
as  to  the  most  suitable  drive  foi  ships 
case  should  receive  special  consideration. 

It  is  not  difficult  to  show  the  gains  that 
can  be  obtained  by  the  general  adoption  of 
electricity  to  drive  all  auxiliary  machinery. 
By  auxiliaries  is  meant  all  machinery  on  a 
ship  other  than  the  main  propulsion  turbine 
or  engine.  Numerous  articles  indicate  to 
what  extent  suitable  marine  electrical  equip- 
ment has  been  developed.  An  article  in  the 
Electrician  (London)  of  September,  L920, 
states  as  follows: 

"It  may  be  added  that  as  is  now  becoming 
universally  the  case  in  this  country,  all  the 
auxiliary  machinery  is  operated  electrically." 

The  advent  of  the  motor  ship  has  had  much 
to  do  with  the  development  of  suitable  electric 
auxiliary  equipment.  Much  of  the  gain  made 
possible  by  the  use  of  the  oil  engine  would  be 
sacrificed  if  it  were  necessary  to  install  steam 
boilers,  steam  piping,  fittings,  and  steam 
auxiliary  machinery.  We  see  an  ever  increas- 
ing number  of  foreign  ships  fitted  with 
electric  auxiliary  machinery.  Much  of  it 
shows  a  high  degree  of  development.  Reports 
are  to  the  effect  that  it  has  definitely  replaced 
steam  for  the  best  new  ships.  What  has 
developed  abroad  will  ultimately  take  place 
in  this  country.  Manufacturers  of  deck  and 
engine  room  machinery  in  this  country  have 
done  a  great  deal  of  developmental  work  and 
are  in  a  position  to  furnish  electrically 
operated  apparatus  as  good,  if  not  better, 
than  that  being  built  abroad. 

In  estimating  the  gain  that  may  be  obtained 
by  installing  auxiliaries  driven  by  electricity 
instead  of  steam,  we  must  recognize  c< nida- 
tions as  they  really  exist.  A  comparison  based 
on  tests  only  between  a  steam  and  an  electri- 
cally driven  auxiliary  is  misleading.  We 
know  from  experience  that  the  steam  equip- 
ment on  a  ship  after  it  has  been  in  service 
for  a  relatively  short  time  uses  25  to  30  per 
cent  of  the  total  steam  consumed ;  for  example, 
it  was  recently  reported  that  on  a  freighter 
equipped  with  2500-h.p.  turbine  and  three 
boilers,  one  boiler  could  not  supply  sufficient 
steam  to  operate  the  auxiliaries  while  in  port. 
A  reported  test  of  a  British  ship  showed  the 
steam  consumption  of  the  auxiliaries  in 
operation  during  the  voyage  to  be  30  per  cent 
of  the  total  steam  consumption. 

TURBINE-ELECTRIC  PROPULSION 

In  the  history  of  electric  ship  propulsion 
there  have  been  conspicuous  cases  of  success 
as  well  as  a  few  cases  of  failures.     This  is  but 


'■      I  hi     '1'    ■  lopmi  til     ol     any    art. 
1  es  m  design,   troubles  resulting 
' '"'  "i  tallal  ion  ol   impn  ipei  Lj    manufactured 
or  unsuitable  machinery  mu  lected, 

ometimes 
unfair,  is  the  result.  Before  drawing  con- 
clusions, it  is  essential  thai  we  study  all 
available  data  and  learn  the  reasons  why  somi 

installations  failed  while  others  operated  so 
fully. 

We  are  informed  that  the  British  Ship, 
Wulsey  Castle,  was  not  a  success.  In  our 
opinion,  the  equipment  was  not  designed 
for  the  service. 

The  four  oil  barges  built  for  the  Petroleum 
Transport  Company  were  not  successes.  The 
explanation  as  given  in  a  paper  by  Mr.  J.  L. 
Hibbard  before  the  A.I.E.E.  in  January  this 
year  indicated  that  after  careful  investigation 
the  difficulty  was  found  to  be  almost  entirely 
one  of  operating  conditions.  The  vessels  were 
designed  for  slow  speed  and  short  cruises; 
however,  it  was  later  decided  to  put  these 
boats  on  relatively  long  trips  for  which  they 
had  neither  the  fuel  nor  fresh  water  capacity. 
Salt  water  has  been  apparently  the  primary 
cause  of  all  the  troubles  that  these  ships  have 
experienced. 

Another  ship,  the  S.  S.  Tynemouni  i  British) 
was  not  a  success,  and  the  report  states  "not 
that  there  was  any  failure  in  the  electrical 
plant." 

The  arguments  against  electric  drive  for 
ships  are  somewhat  analogous  to  those 
presented  some  years  ago  when  the  electrifi- 
cation of  mills  was  being  discussed.  It  was 
then  asked :  Why  incorporate  the  losses  of 
electric  transmission  between  the  engine  and 
the  mill  and  at  the  same  time  add  to  the  cost 
of  the  mill?  Experience  has  shown  that  the 
electrically  equipped  mills  can  produce  at  a 
lower  figure  than  those  directly  driven. 

Electrically  driven  ships  built  in  this 
country  have  demonstrated  that  electrical 
apparatus  properly  designed  and  installed  is 
absolutely  reliable.  The  desirability  of 
installing  electric  propulsion  machinery  in  a 
merchant  vessel -then  becomes  a  study  of  the 
relative  merits  under  known  operating  condi- 
tions. 

Several  papers  have  been  written  on 
turbine-electric  drive  which  have  covered  the 
subject  quite  thoroughly.  Of  late,  interest  is 
being  shown  in  merchant  ships  of  larger  sizes 
for  passenger,  or  combination  passenger  and 
freight  service.  Service  requirements  in  some 
instances  may  not  warrant  operating  such 
ships  at  full  power  the  entire  year.  They, 
however,  must  be  provided  with  high  power 
propelling  machinery  in  order  to  maintain  a 
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:    schedule  for  months  with  but  a 

"iii-s  lay  over    To  assure  reliability,  the 

machinery  will,  of  necessity,  be  conservath  ely 

designed   and   of  sufficienl    capacity   to  give 

g I     efficiency     a1     the    maximum     power 

output.  Such  ships  fitted  with  two  or  more 
generating  units  will  show  a  very  high 
economy  at  a  speed  corresponding  to  the 
power  output  of  one  less  unit,  the  speed 
being  reduced  only  a  small  amount.  Take, 
cample,  a  25,000-s.h.p.  ship  built  to 
operate  six  months  in  a  year  at  22  knots: 
this  ship  could  with  slightly  less  than  one-half 
the  power  make  I  7:i  t  knots- for  the  remaining 
six  months.  Under  this  condition  one  entire 
engine  room  could  be  shut  down,  and  thus  a 
considerable  saving  lie  effected  not  only  in 
fuel,  but  in  all  engine  room  operating  expert  < 
It   is  a  safe  prediction  that,  when  all  factors 


forms  of  direct  drive.     In  cases  where  it  isde- 
sirable  to  use  two   propellers,  electric  drive 
has  the  advantage  of  moderate  cost .  usiit 
turbine-generator  for  the  two  motors. 

DIESEL-ELECTRIC    PROPULSION 

Within  the  last  few  years  there  has  been  a 
greal  increase  in  the  number  of  motor  ships 
placed  in  sen-ice.  both  in  this  country  and 
abroad       Magazines  devoted  exclusively  to 

the  motor  ship  tell  us  of  the  ever  increasing 
number  of  ships  being  com racted  for.  Articles 
are  published  showing  the  reliability  of  the 
Diesel  engine. 

Just  what  gain  can  be  secured  in  the 
operation  of  a  vessel  by  interposing  an 
electric  link  between  the  oil  engine'  and  the 
propeller  does  not  seem  obvious  at  first  sight. 
A  recent  article  in  The  Motor  Ship  (London) 


:  Generators  for  Diesel  electric  Ma 


Testing  Stand 


an  given  due  consideration,  electric  pro- 
pulsion will  show  an  economy  over  other 
forms  of  drive  for  a  large  number  of  ship1-  ol 
;  he  character  under  discussion. 

By  far  the  greater  number  of  ships  in 
merchant  marine  service  are  equipped  with 
moderate  power  propulsion  machinery.  His- 
tory will  show  that  for  many  different  types 
els,  and  in  numerous  classes  of  sen  ice 
the  advantages  of  electric  drive  will  outweigh 
all  other  considerations.  The  ability  to 
reverse  rapidly  is  of  particular  value  to  ships 
which  have  to  navigate  tortuous  waterways 
or  dangerous  seas,  where  frequent  maneuver- 
full  pi  iwer  may  be  necessary.  F<  >r  ferry 
boats,  where  a  great  deal  of  maneuvering  is  nec- 
essary, and  where  amarked  gain  may  be  realized 
by  driving  the  bow  propeller  at  reduced  speed, 
electricity  has  a  distinct   advantage  over  all 


is  distinctly  opposed  to  Diesel-electric  drive. 
This  magazine  should  not  be  criticised  i  ver 
harshly  for  its  prejudice,  for  the  reason  that 
their  opinion  is  based  on  the  facts  as  they  see 
them.  The  oil  engine  for  direct  drive  has  been 
developed  to  a  very  high  degree  of  perfection. 
Immense  sums  of  money  have  been  spent  in 
working  out  different  types  of  engines,  and 
from  accounts  it  would  appear  that  while 
each  type  has  its  own  particular  advantages, 
a  number  of  distinctly  different  engines  are 
giving  highly  satisfactory  results  when  built 
by  manufacturing  companies  who  have  solved 
details  in  design  and  built  the  engines  only 
of  the  very  highest  quality  and  workmanship. 
The  successful  engines  which  have  been 
developed  for  direct  drive  are  very  heavy 
and  expensive.  The  difficulties  of  manu- 
facture increase  with  the  larger  capacities. 
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The    manufacturers    of    oil     engines     for 
propelling    ships    are    keenly    alive    to 
handicap    of    both    weighl     and    dimeri 
from  which  they  suffer.     We  see,  then 
efforts  being  made  to  obtain  a  lighter  engine 
by  going   to  the  two-stroke  cycle  principle 
Further    reduction     is     claimed     by    manu- 
facturers of  engines  with  opposed  pistons.     A 
recent  article  claims  a  considerable  reduction 
in    dimensions    for    the    Camellaird-Fullagar 
engine    of    the   opposed    piston    type.     Tim 
we  find  that  the  oil  engine  is  being  d<  veloped 
for    direct    connection    to    the    propeller    in 
several  distinct  types,  and  in  all  probability 
it  will  be  some   time   before  any   one   type 
becomes  commonly  accepted  as  the  best   for 
ship  propulsion. 


The  electrical  apparatus  would  weigh  about 
325,000  Hi.  making  the  total  weight   oi 

elect ric  drive  e  [uipment    821  .nun   \)< 
With  electric  drive  there  would  1"    an  addi 
lional   saving   in   weighl    and   cost    1>\ 
om   i  in  ipeller  only. 

Some  manufai  turers  oi  oil  i  -  iving 

very  serii  ius  consideration  to  the  develop] 

mi     iti.  ire  suitabli    for  drh  ing  elect  rical 
apparatus      This  d<  ies  m  it  mean  that  tl  i 

oring  to  produce  light  high-speed  ma- 
chin       but    without    sacrificing  quality  and 
reliability  they  will  manufacture  lightei 
gines  revolving  at  a  somewhat   hi 
Foi  the  same  horse  povt  i  i  nut  put. 

It   is  not    the  intention   to  show  that  the 
direct  drive  of  ships  by  oil  engines  is  ii 


Direct-current  Double  Armature  Motor  for  Dieset-electr 


To  give  an  idea  of  the  dimensions  of  these 
engines:  A  modern  four-cycle,  six-cylinder, 
1750-b.h.p.  engine  would  be  approximately 
13  ft.  wide  by  27  ft.  high,  and  a  pair  of  these, 
installed  complete  with  auxiliaries,  would 
weigh  approximately  1,800,000  lb.  An 
estimate  of  an  electric  installation  using  three 
engines  of  moderate  speed  comes  within  this 
weight.  Compared  with  the  older  established 
methods  of  propulsion,  a  complete  installation 
of  boilers  and  a  marine  geared  turbine  for  a 
single  screw  and  90  r.p.m.  would  weigh  about 
(i0  per  cent  of  the  above 

Different  makes  of  engines  vary  consider- 
ably in  weight.  A  comparison  based  on  an 
average  of  six  engines  of  four  makes  for 
electric  drive  and  five  engines  of  four  makes 
for  direct  drive  will  give  an  approximate 
idea  of  the  advantage  in  weight  in  favor  of 
electric  drive.      See  Table  I. 


in  every  case  to  electric  transmission,  but 
this  article  would  be  incomplete  if  it  did  not 
show  that  thorough  investigation  should 
always  be  made  before  deciding  on  the  type 
of  propelling  equipment.  Studies  of  specific 
cases,  basing  all  comparisons  on  similar 
quality  of  apparatus,  have  shown  Diesel- 
electric  drice  to  be  preferable  to  direct 
drive. 

Some  of  the  most  serious  problems  of 
design  are  minimized  when  the  cylinder 
diameters  are  reduced.  It  is  not  an  exag- 
geration to  say  that  when  anything  approach- 
ing the  same  amount  of  thought  and  money 
has  been  expended  in  producing  reliable 
engines  of  lighter  weight  and  higher  speed 
as  has  been  given  to  the  production  of  the 
low-speed  engine  for  direct  drive,  then  will 
there  be  an  increased  number  of  types  of  ships 
in  which  electric  drive  will  be  preferable. 
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In    comparing    Diesel-electric   with    direct 
drive  the  following  points  should  be 
given  proper  considerai  i 

1.   Reliability  and  Simplicity 

These  two  of  necessity  must  be  considered 
tier  and  their  importance  outweighs  all 
other  considerations.    With  electric  drive  we 
should  have  two  or  more  engines,  and 
for    a    single    screw,    two    motors    ma 
installed. 

Direct  drive  necessitates  engines  with 
licated  valve  mechanism,  air  storage 
1m  it  ties  or  tanks  whereas,  with  electric  drive 
positive  control  of  speed  and  direction  will  be 
available  at  all  times  with  the  addition  onlv  of 
a  few  simple  electrical  units  even  for  limited 
maneuvering  and  additional  stand-by  air 
compressors. 

With  direct  drive,  even  with  two  engines 
and  twin  screws,  the  failure  of  one  engine  may 
jeopardize    the    safety    of    the    ship.       It    is 


for  the  general  adoption  of  electricity  on 
ships.  We  know  that  experience  has  shown 
in  practically  every  instance  that  power  can 
be  transmitted  and  applied  more  economically 
and  with  less  liability  of  interruption  by  the 
use  of  electricity  than  by  any  other  means. 

The  reason  that  electricity  has  not  been 
more  generally  adopted  has  undoubtedly 
been  due  to  the  fact  that  up  to  very  recently 
the  cost  of  fuel,  labor,  and  many  other  items 
entering  into  the  operating  cost  of  a  ship 
would  not  be  very  materially  affected  by 
more  efficient  machinery  and  decreased  main- 
tenance. Times  have  changed,  however,  and 
we  now  find  keen  competition  between  the 
various  maritime  nations  of  the  world,  all 
of  which  are  provided  with  ships  in  excess  of 
available  cargo. 

The  present  situation  is  particularly  severe 
on  the  merchant  marine  of  this  country, 
because  for  certain  fundamental  reasons  it 
will    be    impossible    to    bring    some    of    the 


COMPARISON    OF   AVERAGE   WEIGHTS   OF   6   AND   5   DIESEL   ENGINES    FOR    ELECTRIC 
AND   DIRECT   DRIVE,   RESPECTIVELY    (Engines   only 


Average  h.p.                   Average. 
Per  Engine                       r.p.m. 

Average  Pounds 
Per  s.h.p. 

Total 
h.p. 

Weight 

1090                    238 

152 
380 

3270 
Using  3  Engines 

3110 

496,000 
1,180,000 

Using  2  Engines 

reasonable  to  expect,  therefore,  that  a  lower 
insurance  rate  should  be  secured  with  electric 
drive  than  with  direct  drive. 

2.   Efficiency 

If  the  whole  problem  were  to  be  settled  by 
a  comparison  under  one  fixed  condition  of 
operation,  and  that  one  the  most  favorable 
for  the  direct  drive  engine,  then  indeed  there 
would  be  little  argument  for  electric  trans- 
mission. As  a  matter  of  fact,  however,  a  ship 
owner  is  interested  in  the  all  year  economy, 
and  as  he  knows  it  is  often  desirable  to 
operate  the  ship  at  reduced  power,  he  will 
recognize  the  possibility  of  large  gain  by 
shutting  down  one  generating  unit;  for 
example,  a  ship  fitted  with  three  sets  and 
designed  to  make  ll}/£  knots  will  make 
approximately  10  knots  with  two. 

ELECTRIC   AUXILIARIES 

It  may  be  difficult  to  understand  at  this 
late  date  why  it  should  be  necessary  to  argue 


operating  charges  down  to  the  level  of  other 
countries  with  which  our  merchant  marine 
must  compete. 

Steam-driven  auxiliary  machinery  on  ships 
has  in  the  past  done  well  enough  when  suitable 
electrical  machinery  had  not  been  developed. 
Now,  however,  we  find  manufacturers  pre- 
pared to  furnish  well  designed  and  properly 
manufactured  electrical  apparatus  for  the 
various  sen-ices  on  ships.  The  early  motor 
ships  with  steam  boilers  and  steam-driven 
auxiliary  apparatus  demonstrated  beyond 
doubt  the  tremendous  losses  incident  to  the 
operation  of  steam-driven  auxiliaries. 

Should  it  be  found  necessary  to  argue  this 
point,  it  might  be  asked  if  any  engineer  would 
give  serious  consideration  to  building  a  plant 
with  much  of  the  machinery  mounted  on  the 
roof;  even-  piece  driven  by  an  individual 
steam  engine;  the  steam  pipes  exposed  and 
uncovered  on  the  roof;  the  engine  room 
containing  a  multiplicity  of  pumps  and  other 
steam   apparatus;   the  entire   equipment  in- 
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stalled  in  a  minimum  of  space  and  of  nece 
inaccessible;   a   maze   of   pipes,    valves,    and 
fittings  adding  to  the  loss  of  steam  1>.   leal 
and  radiation.    Such  a  plant  would  resemble 
a  merchant  ship  with  steam-driven  auxiliaries. 

On  passenger  ships  there  are  many  uses  for 
electricity,  such  as  ventilating  fans,  etc., 
where  it  is  inconceivable  that  steam  could 
even  be  considered.  In  such  ships  steam  is 
necessary  for  heating  staterooms,  water  for 
baths,  and  other  purposes.  This  can  lie  done 
most  efficiently  by  extracting  steam  from 
one  of  the  stages  of  the  main  turbine.  There 
will  be  a  considerable  loss  if  a  certain  number 
of  inefficient  steam-driven  auxiliaries  are 
retained. 

The  most  important  feature  to  be  con- 
sidered in  connection  with  electrical  apparatus 
for  ships  is  the  ability  to  resist  moisture. 
This  applies  to  all  insulation,  whether 
washers,  collars  on  studs,  or  the  insulation 
of  the  windings  themselves.  Ample  creepage 
surface  must  be  provided.  Apparatus  which 
is  deficient  in  this  respect  is  unsuitable  for 
application  on  ships,  as  it  must  be  expected 
that  with  varying  temperatures  there  will  be 
a  constant  tendency  to  precipitate  moisture. 

So  far  as  practicable  small  parts  should  be 
of  non-corrodible  material;  otherwise,  pre- 
cautions should  be  taken  to  protect  steel  and 
iron  parts  either  by  proper  painting,  sherard- 
izing,  or  some  other  approved  means. 

Electrical  apparatus  should  be  conserva- 
tively designed  so  that  it  will  operate  con- 
tinuously in  the  tropics  without  deterioration 
of  the  insulation. 


Electiic  Cargo  Winch 

All  parts  should  be  readily  accessible  for 
inspection.  Covers  for  openings  should  be 
hinged  and  not  bolted  or  held  by  a  multiplicity 
of  screws. 

There  are  other  details  in  the  design  and 
manufacture  which  will  make  the  apparatus 
more  suitable  for  the  service.  Such  apparatus 


with  fair  treatment  would  have  an  indefinite 
life,  provided  the  best  workmanship  and 
suitable  materials  are  used  in  its  construction. 
There  are  few  places  where  unsuitable 
electrical  apparatus  will  ultimately  prove  so 
expensive  as  on  ship  board.    In  the  layout  of 


Electric  Capstan 

a  ship's  installation  it  is  very  important  to 
limit  the  number  of  sizes  and  types  of  motors 
installed,  so  that  the  minimum  number  of 
spares  will  safeguard  the  entire  installation. 
To  accomplish  this,  it  may  even  be  desirable 
in  certain  instances  to  provide  motors  of 
considerably  larger  size  than  necessary.  This 
applies  particularly  to  pumps  used  only 
intermittently. 

From  time  to  time  we  hear  the  expression 
''water-tight"  as  applied  to  motors.  To  the 
writer's  knowledge  only  one  make  of  motor 
has  been  developed  to  operate  continuously 
submerged.  All  motors,  whether  enclosed  or 
ventilated,  must  be  arranged  so  that  water 
cannot  accumulate  inside,  as  we  know  even- 
piece  of  electrical  machinery  will  tend  to 
sweat  with  varying  temperatures.  Further, 
there  is  always  a  likelihood  that  one  of  the 
covers  may  not  be  closed  perfectly  tight, 
allowing  water  to  enter,  either  from  rain  or 
seas  washing  over  the  deck.  An  endeavor  to 
maintain  an  absolutely  "water-tight"  motor 
will  be  useless  expenditure. 

Deck  Machinery 

All  ships  are  fitted  with  a  certain  amount  of 
machinery  mounted  on  deck.  This  consists  of 
anchor  windlass,  steering  gear,  capstans  and 
winches,  also,  in  some  cases,  special  machinery 
for  mooring,  towing,  or  other  purposes.  The 
service  is  generally  intermittent. 

Where  the  service  requires  continual  varia- 
tion of  speed  and  direction,  control  may  be 
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obtained  either  electrically  through  the  mo 
mechanically,  by  shifting  gears;   or  hydrau- 
mm  .in   oi  .i  ■  peed  n  ducing  pump  and 
I  In   el&  1 1  ii  a  I  mi 
empli  i]  ed  exi  epl   for  I  gear      Fi  ii 

this  ser  ici    the  hydraulic  gear,  either  W 
bury  or  rlele-Shaw,  is  commonly  installed. 
\  ■  .  ■        pi  nulla:-.  :es  arc  generally  de 

oth  anchors  simultaneously  with  a 
eed  "i  approximately  20  ft.  per  min. 
Ii  quite  often  happens  thai  the  power 
required  for  lifting  the 
for  the  cargo  winches  A  very  desirable 
arrangement,  therefore,  is  to  use  two  cargo 
winch  the  anchi  <r  \\  im  Lla 


Electric  Anchor  Windlass 

Warping  winches  and  capstans  art-  gen 
fitted  with  compound  or  shunt-wound  motors 
and  preferably  should  be  arranged  so  thai 
the  direction  of  rotation  may  be  reversed. 
A  rope  speed  on  the  drum  of  150  ft.  per  min. 
is  quite  common.    In  particular  cases  mooring 

ties  have  been  arranged  for  very  high 
pull,  L'U.OOII  lb.  at  a  speed  of  about  30  ft.  per 
min.  for  such  service  as  mooring  tankers  near 
pipe  lines.  There  are  many  varieties  of  cargo 
winches.  The  conventional  electric  winch  is 
an  adaptation  of  the  spur  gear  steam  winch 
using  an  electric  motor  in  place  of  the  steam 
engine.  It  must  always  be  recognized  that 
the  cargo  winch  is  at  best  somewhat  of  a 
compromise,  as  it  cannot  be  designed  for  any 
particular  class  of  cargo.  It  is  quite  common 
to  arrange  the  winches  to  have  a  rope  ;peed 
oi    approximately    L50   ft.   per  min.   for  five 

and  250  ft.  per  min.  for  one  ton.  Indi- 
vidual winches  are  more  flexible  than  arrange- 
ments using  one  motor  to  drive  a  number  of 
drums  through  gears.  It  is  very  doubtful  if 
this    latter    arrangement    will    be    generally 

ted. 


Second  only  to  the  main  propulsion 
machinery,  the  steering  gear  is  mosl  vital  to 
the  saf  o  :  •  hip  Ti  i  ref  ire,  too  much 
stress  cannol  be  laid  on  the  reliability  factor 
The  motors,   in  all   probability,  will   noi    be 

ed   to  the  direct    art  ii  m   I  if   1  he  ram   and 
In    thi   compartmenl  where  the  tiller 
and  steering  motor  are  located  is  liable 

and  therefore,  all  electrical  equipment 
should  be  designed  accordingly.    The  mi 

of  the  tiller  are  controlled   from  the 
wheel  house  by  various  means.     Both  electric 
and  hydraulic  telemotors  are  in  use  and  - 
or    less    trouble    has    been    experienced    with 
both  types.    There  is  no  reason  why  el. 
telemotors,  if  pn  iperl 
and  built,  should  not  be  entirely 
reliable  and  free  from  the  defects 
inherent  with  the  hydraulic. 

Below  Deck  Machinery 

( Generally  s]  leaking,  some  form 
of  enclosed  ventilated  motor  will 
be  most   desirable,   although    in 
certain  protected  places  the  open 
type  motor  may  be  entirely  sat- 
isfactory.    All  motors  should  be 
fitted   with   screens   to  prevent 
rodents    damaging    the    insula- 
tion.    It  would  seem  desirable 
that  the  motors,  which  are  vital 
to  the  safety  of  a  ship,  be  pro- 
vided  with   automatic   starters. 
so  that  these  motors  will  start 
again  with  the  least  delay  should 
the  power  be  interrupted  at  any  time.     The 
other  motors  should  be  arranged  so  that  they 
will  be  cut  out  in  the  case  of  low  voltage,  to 
be  re-started  by  the  engineer. 

In  all  industries  we  find  that  the  use  of 
electricity  has  been  generally  accepted,  not 
because  some  one  advocated  it.  not  because 
of  theoretical  reasons,  but  only  because  it  has 
proven  to  be  the  most  economical  way  of 
utilizing  power.  Ultimately  we  shall  find  the 
same  condition  on  our  merchant  ships.  The 
engineer  realizes  the  necessity  of  electrifying 
our  merchant  ships.  His  immediate  problem, 
therefore,  is  to  study  conditions  and  so 
familiarize  himself  with  all  phases  of  ship 
ion  that  he  will  be  in  a  position  to  study 
specific  cases  for  ship  owners  and  show  them 
what  is  the  most  efficient  equipment  for  their 
ships.  The  first  step  always  requires  the 
greatest  effort.  As  electrical  installations 
increase  in  number,  the  necessity  for  argu- 
ment will  disappear  and  engineers  can 
devote  their  entire  time  to  studying 
means  and  methods  of  perfecting  the  appa- 
ratus. 




Lubricants  for  Electric  Street  Railways: 
Summer  and  Winter  Grades 

By  George  R.  Rowland 

Si  pervising  Enginj  i  r,   ["hi    li  cas  Company,  New  York  Cm 

air  cony  lvi    the  best  results  with  the  changing  temperature  of  the 

tions  ot  our  country  the  range  between  winter  and  summer  temperatures  will  excei    many 

localities  and  a  moi  ibject  shows  that  it  is  unn  o  expect  that  o 

lubricant  will  provide  satisfactory  lub  Effii  ii  n 

maintenance  demand  a  change  in  the  grade  of  lubricants  with  change  in  season  in 
ations  in  temperature  prevail,  that  is,  the  viscosity  variation  ol 
spond  with  the  average  temperature  difference.      Br>]  roR. 


During  the-  thirty-four  years  following  the 
official  opening  of  the  first  electric  street  rail- 
wax-  at  Richmond,  Va.,  in  L887,  the  improve- 
ments in  electric  streel  railway  equipment 
and  operation  have  been  many.  This  con- 
stant development  has  resulted  in  our  present 
highly  efficient  cars  for  city  and  interurban 
service.  Motors  are  more  efficient  and  will 
last  longer  with  lower  repair  costs  than  in 
the  earlier  days,  cars  are  heavier  and  run 
faster,  and  in  order  to  meet  the  increased 
traffic  various  appliances  have  been  developed 
for  improving  the  safety  of  operation  and 
eliminating  accidents.  The  high  speed  in- 
terurban car  is  quite  different  from  the  old 
horse-drawn  tram  car. 

While  this  development  of  equipment  has 
gone  on,  tlie  improvement  in  lubricants,  un- 
fortunately, had  not  until  very  recently  kept 
pace,  and  even  today  many  railways  are  still 
using  the  same  lubricants  originally  developed 
for  the  first  horse-drawn  street  cars. 

One  of  the  greatest  of  recent  improvements 
in  lubrication  is  the  use  of  different  grades  of 
lubricants  for  summer  and  winter.  The 
rolling  stock  equipment  of  electric  street 
railways  is  directly  exposed  to  atmospheric 
temperatures,  which  vary  in  different  local- 
ities of  the  country.  These  varying  tem- 
peratures slmuld  always  be  given  careful 
consideration  in  selecting  lubricants  for  such 
equipment. 

Every  man  who  has  handled  or  used  oil 
knows  that  lubricating  oils  become  thick 
and  sluggish  in  cold  weather.  Journal  bear- 
ings, axle  bearings,  and  motor  armature 
bearings  of  electric  street  railway  cars  are 
lubricated  by  means  of  waste  saturated 
with  oil.*  In  order  that  proper  lubrication 
may  be  secured,  it  is  necessary  that  the  waste 
feed    the   oil    to   the   bearings   in    a   uniform 


eption  of   ball   bearings  and   the  older  grease 


manner.  The  supply  of  lubricant  is  in- 
fluenced, primarily,  by  the  capillarity  and 
the  fluidity  of  tin'  ml  at  1 1 rating  tem- 
perature. 

The  first  of  these  characteristics,  capil- 
larity, is  influenced  by  main-  factors,  ai 
them  being  the  surface  tension  of  tin  ml. 
which  probably  d<  easi  lightly  as  temper- 
atures are  raised,  and  the  ability  of  thi  o 
to  saturate  the  waste  Wa  iti  .  of  course. 
is  a  very  non-uniform  material,  being  mad( 
of  varying  percentages  of  wool  cotton  and 
fiber,  each  of  which  has  a  different  effei  I 
upon  the  capillarity  of  the  oil.  Proper 
capillarity  of  a  lubricant  is  secured  by  prac- 
tical experience  which  results  in  the  selection 
of  suitable  constituents  for  the  oil. 

The  other  important  characteristic  affect- 
ing the  rate  of  oil  feed  is  fluidity.  Sunt 
fluidity,  which  is  usually  expressed  in  terms 
of  viscosity,  is  dependent  upon  temperature, 
the  operating  temperature  is  the  determining 
factor  in  selecting  suitable  grades  of  lubri- 
cants for  summer  and  winter  service.  An 
idea  of  how  oils  are  affected  by  temperature- 
changes  is  shown  in  the  temperature  vis. 
chart  of  various  oils.  Chart  1,  some  of  which  it 
will  be  noted  are  not  suitable  for  the  lubrica- 
tion of  electric  street  railway  cars,  and  are 
only  shown  for  comparative  purposes. 

Chart  2  shows  the  average  temperature 
through  tin-  year  lor  a  period  covering  the 
past  thirty-five  years  at  five  of  the  principal 
cities  in  the  United  States.  These  figures 
are  furnished  by  the  United  State-  Weather 
Bureau  at  New  York.  Attention  is  called 
to  the  very  uniform  temperature  in  the  city 
of  San  Francisco  throughout  the  entire  year. 
Evidently  summer  and  winter  grades  of 
lubricants  are  not  necessary  in  this  city  in 
order  to  secure  satisfactory  results. 

During  the  months  of  June.  July,  August 
and  September  the  average  temperature  at 
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Copyrighted  1921  by  The  Texas  Company 
Chart  1.     A  to  I  Represent  Well  Refined  Naphthene  Base  Oils  Which  Are  Practically  Free  from  Paraffine  and  it  Should  be  Noted  That 
the  Viscosity  Lines  Are  Almost  Parallel.     The  other  oils  are  from  a  different  class  of  crude  and  while  the  viseositiea^are 
similar  the  lines  have  a  different  slope  and  not  all  of  them  are  straight 
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New  York  Cit;  i  i  69  deg  F  .  wherea  during 
the  months  of  December,  January,  February 
and  March  the  average  temperature  is  35 
deg.  F.  Washington,  D,  C,  is  about  3  deg. 
hotter  in  the  summer  than  New  York,  and 
Chicago  is  about  6  deg.  colder  in  the  wintei 
In  New  York  City  around  the  first  of  August 
the  average  daily  maximum  temperature  is 
81  deg.  and  at  intermittent  intervals  it  some- 
times reaches  100  deg.  F.,  so  that  when  s< 
ing  an  oil  for  an  average  temperature  of  69 
deg.  F.  we  must  at  the  same  time  allow  a 
margin  sufficient  to  take  care  of  temperature 
conditions  at  100  deg.  F. 

At  the  lower  end  of  the  temperature  scale 
we  find  Chicago,  with  an  average  daily 
minimum  temperature  of  16  deg.  F.  during 
the  month  of  January  and  a  minimum  tem- 
perature for  short  intervals  of  as  low  as  20 
deg.  below  zero.  Oils  for  the  latter  service 
should  be  sufficiently  fluid  to  feed  to  the  bear- 
ings at  this  temperature. 

Obviously  in  the  winter  months  the  oil 
should  be  sufficiently  low  in  viscosity  to 
feed  to  the  bearing  surfaces  in  proper  quan- 
tity and  in  the  summer  months  should  be 
high  enough  in  viscosity  to  prevent  too  rapid 
draining  from  the  bearings.  The  ideal  con- 
dition would  be  to  have  the  oil  at  its  average 
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Throughout    the 


summer  operating  temperature  of  the  same 
viscosity  as  at  its  average  winter  operating 
temperature.  Such  a  condition,  of  course, 
is  a  physical  impossibility  when  one  oil  is 
used,  but  when  two  oils  are  used,  the  viscos- 
ities and  other  physical   characteristics  can 


be  selected  to  meel   these  conditions  i 

pri  i|  ier  man  ■ 

For  equipmenl    which   i    operated  ci 
ually   oul    i  d    doors   such    a  reel 

railway   ears,   the   viscosity   of   the   summer 
grade   for   the   vicinity    of    New    York    City 
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Chart  3.     Approximate  Variation  of  Bearing  Temperatures  with 
Atmospheric  Temperature 

should  be  the  same  at  69  deg.  F.  as  the  winter 
grade  at  35  deg.  F.  In  other  localities  the 
difference  in  viscosities  of  summer  and 
winter  grades  should  be  in  conformity  with 
their  average  summer  and  winter  tempera- 
tures. 

Practical  experience  has  shown  that  under 
the  severest  sort  of  sendee  during  the  summer 
months,  a  straight  mineral  oil  having  a 
Saybolt  viscosity  of  100-105  seconds  at  21(1 
deg.  F.  will  give  the  most  satisfactory  sendee 
in  motor  armature  bearings,  axle  bearings 
and  journal  bearings.  An  oil  of  lower  vis- 
cosity will  not  afford  a  sufficient  margin  of 
safety  to  take  care  of  the  high  temperatures 
which  frequently  occur.  A  higher  viscosity 
is  unnecessary  and  as  the  frictional  tem- 
perature of  a  bearing  increases  with  the 
increased  viscosity  of  the  oil,  the  maximum 
viscosity  given  above  should  not  be  exceeded. 

Chart  3  shows  the  operating  temperature 
of  four  bearings,  A,  B,  C  and  D,  correspond- 
ing to  varying  atmospheric  temperatures. 
Bearing  B,  for  instance,  under  average 
summer  temperatures,  runs  at  143  deg.  F. 
At  this  temperature  the  summer  grade  of 
oil  referred  to  has  a  Saybolt  viscosity  of 
390  seconds.  If  this  same  bearing  were 
cooled  to    109   deg.   F.,   the  average  winter 
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working  temperature,  the  summer  grade  ol 

i   i  i    in       boi      iscou       For  satis- 

i   ults    at    the    lal  t<        empi  rature 

the  viscosity  of  the  winter  grade  should  also 

proximately  390    ea  nds  Saybolt       Ri 
ferring  to  the  curve  shown  in  Chart   I.  it  will 


In   considering   the   lubrication   of  < 
railway   air  compressors,   we   find    from   ex- 

ades  of  lub 
also    necessary.      The    practice    in    the    past 

around,  and  in  providing 
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»  ol, served  that  the  winter  grade  of  electric 
car  oil  is  just  slightly  lighter  than  this  vis- 
cosity at  the  normal  winter  operating  tem- 
perature. 

It  is  desirable  to  make  the  winter  grade  of 
electric  car  oil  slightly  lighter  than  the  coi 
responding  viscosity  of  the  summer  grade, 
as  explained  above,  so  thai  it  will  feed 
properly  even  under  the  very  low  tempera- 
tures of  severe  or,  rather,  abnormal  weather. 


of  sufficiently  low  pour  test  for  winter  use 
n  was  necessary  to  use  an  oil  of  such  low 
viscosity  as  to  make  it  unsuitable  for  efficient 
lubrication  during  the  summer  months.  While 
the  lubricating  requirements  of  an  air  com- 
pressor are  in  many  respects  different  from 
those  of  bearings  and  gears,  they  are  in- 
fluenced by  temperature  variations  and  it  is 
essentia!  that  the  same  consideration  be 
given  to  viscosity  in  this  case  as  is  demanded 
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in  other  classes  of  lubrication.     The  Influence 
of  atmospheric  temperatures  is  modified  to 

some  extent  by  the  heal  of  the  rem  pressed 
air,  and  the  average  operating  temperatures 
are  those  which  must,  be  considered  in 
ing  the  viscosity. 

An  air  compressor  oil  for  winter  use,  having 
a  viscosity  of  300  seconds  Saybolt  at  100 
deg.  F.  will  provide  a  satisfactory  seal  for 
the  piston  rings  and  will  maintain"  the  func- 
tioning of  the  air  compressor  at  its  proper 
efficiency  when  the  compressor  is  in  a  normal 
mechanical  condition.  However,  when  piston 
rings  and  cylinder  become  worn,  it  is  nec- 
essary to  use  an  oil  of  higher  viscosity  in 
order  to  secure  proper  piston  seal. 

Since  the  compressor  draws  air  from  the 
inside  of  the  car,  which  is  heated  in  the  winter, 
and  therefore  somewhat  warmer  than  the 
outside  air,  and  as  the  car  is  usually  cooler 
than  the  street  temperature  in  the  summer, 
the  difference  in  the  viscosity  of  the  summer 
and  winter  grades  need  not  be  as  great  as 
in  the  case  of  the  electric  car  oils.  The 
effect  of  summer  temperatures  is  great 
enough  to  require  the  use  of  an  oil  of  at  least 
500  seconds  Saybolt  at  100  deg.  F.,  and  when 
such  an  oil  is  used  there  will  be  an  improved 
piston  seal,  thereby  increasing  the  compressor 
efficiency  and  at  the  same  time  greatly 
reducing  the  oil  consumption  during  the 
summer  months.  This  improvement  over 
the  use  of  the  winter  grade  of  compressor 
oil,  throughout  the  entire  year,  is  an  im- 
portant factor  in  electric  street  railway  air 
compressor  performance. 

Gears  also  are  exposed  to  the  extremes  of 
temperatures.  The  summer  and  winter 
grades  of  gear  lubricant  should  therefore 
have  a  viscosity  variation  corresponding 
directly  with  the  average  temperature  dif- 
ference. Gear  lubricants  are  of  necessity 
more  viscous  than  the  other  lubricants  re- 
ferred to,  so  that  it  is  practically  impossible 
to  measure  their  viscosity  at  their  operating 
temperatures.  On  this  account,  all  vis- 
cosities of  gear  lubricants  are  measured  at 
210  deg.  F.,  and  calculated  from  curves  for 
actual  operating  temperatures.  On  the  basis 
of  5,000  seconds  Saybolt  at  210  deg.  F.  for 
the  summer  grade  and  1,000  seconds  at 
210  deg.  F.  for  the  winter  grade,  these  re- 
spective gear  lubricants  will  have  exactly 
the  same  viscosities  at  the  average  temper- 
atures in  summer  and  winter  weather.  |  Of 
course  where  average  winter  temperatures 
are  higher  than  the  average  of  New  York 
City,  the  viscosity  of  the  winter  gear  lubri- 


should    be    raised    to    2,01 
Saybolt  at  210  d 

For    equi 
atmosp]  eric    i  onditions    as    eta 

railway  cars,   it  is  absolutely  ei 
careful    attention    In'    given    to    the    u 
[■roper  grades  of  lubri<  ummer  and 

r.     The  use  ol  lubricants  ol 

viscosity  will  result  in  minimum  power  con- 
sumption through  decreased  frictional  losses 
and  increased  life  of  bearings  and  all  parts 
affected  by  frictional  wear. 

To  get  these  results  it  is  essential  that  the 
grades  be  changed  at  the  proper  time  of  the 
year,  so  that  winter  grades  will  not  be  used 
too  late  in  the  spring  and  summer  grades 
too  late  in  the  fall. 

From  the  temperature  Chart  2  it  will  be 
seen  that  the  temperature  half  way  between 
average  summer  and  winter  occurs  during 
the  last  week  in  April  and  the  last  week  in 
October.  Consequently  the  change  in  the 
grades  of  lubricants  should  be  made  about 
this  time,  but  instead  of  waiting  until  the 
exact  date  arrives  to  make  an  abrupt  change, 
it  should  be  started  at  least  ten  days  or  two 
weeks  before  a  general  change  of  temperature 
is  expected.  In  the  spring  it  will  be  found 
that  compressors,  gear  cases  and  waste  are 
supplied  with  winter  lubricants,  which  will 
continue  to  have  an  influence  upon  lubrica- 
tion until  they  have  been  entirely  eliminated 
from  use.  The  same  condition  exists  with 
summer  lubricants  in  the  fall.  On  this 
account  it  is  advisable  to  start  the  gradual 
use  of  the  summer  grade  on  inspection 
periods,  commencing  about  April  15th  and 
the  winter  grade  about  October  15th.  The 
percentage  of  the  summer  oil  applied  will 
slowly  raise  the  viscosity  of  the  oil  already  on 
the  equipment  and  quite  in  accordance  with 
actual  temperature  changes.  The  reverse  will 
occur  in  the  fall,  as  the  winter  oil  is  gradually 
applied,  thereby  bringing  down  the  viscosity 
to  the  proper  point.  In  this  way  any  unsea- 
sonably cool  or  warm  days  will  automatically 
be  taken  care  of  in  proper  manner. 

Conditions  vary  in  different  parts  of  the 
country  and  it  is  always  necessary  to  ex- 
ercise judgment  as  to  the  exact  date  selected 
to  change  lubricants  to  meet  conditions,  and 
as  it  would  be  extremely  wasteful  to  consider 
cleaning  all  oil  receptacles  at  any  given  period 
due  allowance  should  be  made  as  to  seasonal 
conditions  so  that  waste  can  be  avoided  by 
gradually  increasing  or  reducing  the  vis- 
cosities of  the  oils  as  normal  temperature 
conditions  demand. 
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Cottrell  Electrical  Precipitation  Installation  at 

the  Duquesne  Reduction  Company, 

Pittsburgh,  Pa. 

RECOVERY  OF  FUME  LOSSES  FROM  FURNACES  TREATING  TIN 
ORE  AND  DROSSES 

By  X.  J.  Hansen 
Construction  Engineer,  Research  Corporation 

A  mo  lern  electrical  pre  ipitation  installation,  the  purpose  of  which  is  to  recover  the  valuable  metallic 
particles  carried  in  the  flue  gases  from  tin  smelting  furnaces,  is  describe  1  in  this  article.  The  construction  of 
(]]<•  precipitator,  which  is  of  the  pipe  type,  is  illustrated  in  detail,  as  is  also  the  electrical  equipment.  It  is 
ting  to  note  that  from  the  gases  emanating  from  furnaces  treating  a  total  of  20  tons  of  tin  drosses, 
2000  pounds  of  solids,  analyzing  24  per  cent  tin,  !  per  font  lead,  and  40  per  cent  zinc  arc  collected  every  24 
hours. — Editor. 


The  construction  of  the  present  installation 
of  the  Cottrell  electrical  precipitation  process 
at  the  plant  of  the  Duquesne  Reduction  Com- 
pany. Pittsburgh,  Pa.,  was  completed  by  the 
Research  Corporation,  if  New  York,  in  August . 
1 '.  'L'n  It  replaces  the  original  installation  which 
had  been  in  operation  for  a  number  of  years 
and  which  proved  inadequate  for  the  increased 
plant  capacity.  The  precipitator  is  used  to 
recover  the  metallic  values*  carried  by  the 
gases  from  two  revcrberatory  smelting  fur- 
naces each  of  which  has  a  capacity  for  treating 
approximately  ten  tons  of  tin  drosses  every 
24  hours. 

Related  Plant  Operations 

The  flue  system  from  the  furnaces  to  the 
stack  is  shown  in  Fig.  1.  The  gases  are  led 
from  the  furnaces  through  individual  flues 
into  a  common  flue  4  ft.  8  in.  in  diameter, 
through  which  they  pass  to  a  steel  header 
flue  of  the  same  diameter.  From  this  header 
flue,  they  pass  through  separate  openings 
into  the  bottom  headers  of  each  of  the  three 
precipitator  units.  The  gases  then  pass  up 
through  the  vertical  precipitator  pipes,  where 
the  suspended  particles  are  removed  by 
electrical  action. f  The  clean  gases  then 
pass  from  the  upper  header  of  the  preci]  > 
units  through  three  separate  outlet  Hues 
to  a  concrete  chamber.  From  this  chamber 
they  pass  either  directly  to  the  stack  or 
through  a  by-pass  and  fan  to  the  stack.  This 
slack   is  construe;-  eel,  is  brick  lined, 

and  is  3  ft.  li  in.  in  diameter  and  130  ft.  high.. 

*In  metallurgy,  the  word  "values"  is  commonly  used  in  con- 
nection with  those  materials  which  are  of  sufficient  market  value 
t<    warrant  recovery. — Ed. 

mplete  and  detailed  description  of  this  electrical  clean- 
ing action  was  given  in  the  article.  "Cottrell  Process  of  Electrical 
inder  the  sub-heading.  "Theory  of  the  Cottrell 
1  General  Electric  Review.  November.  1921. 


Precipitator  Construction 

In  accordance  with  general  practice,  the 
precipitator  at  this  plant  is  sub-divided  into 
three  units  or  groupings  of  the  precipitator 
pipes.     Each  of  these  units  has  separate  gas 


Fig.  1.     General  Layout  of  the  Duquesne  Reduction 
Company's  Precipitator  Installation 

connections  and  electrical  control,  thus  per- 
mitting flexible  operation  dependent  upon 
the  plant  operating  conditions.  Each  unit 
consists  of  60  precipitator  pipes,  56  of  which 
are  10  in.  in  diameter  and  15  ft.  long,  the 
remaining  4  being  14  in.  in  diameter  and  16 
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ft.  long.  A  concrete  bottom  header  and  a 
steel  top  header  are  provided  for  each  unit. 
Such  a  precipitator  unit  has  a  rated  capacity 
of  approximately  1(1,00(1  cu.  ft.  of  gas  per 
minute  at  the  temperature  of  the  gas  at  the 
point  of  treatment,  which  may  vary  from  L50 
to  600  deg.  F.  The  generaMocation  of  this 
installation  is  indicated  in  Fig.  1 .  The  general 
appearance  both  during  construct  ion  and  after 
completion  is  shown  in  Figs.  3,  4,  5  and  (i;  and 
the  general  type  of  construction  is  illustrated 
in  Fig.  2.  Normally,  only  one  or  two  unit  s  are 
operated  at  a  time,  the  third  being  a  spare. 


Bottom  Header 

The  bottom  header  oJ    these   precipitator 

units  is  of  the  hopper  type  constructed  of 
concrete  property  n  infon  ed  b  ith  iteel  The 
structure  consists  of  a  rectangular  chamber, 
the  inside  horizontal  dimensions  of  which  arc 
L2  ft.  long  and  i:;  ft.  6  in,  wide 

The  top  of  this  bottom  header  is  20  fl 
above  the  ground  level  and  consist:, 
concrete  slab  (i  in.  thick  provided  with 
suitable  holes  through  which  the  precipi 
tator  pipes  project  into  it,  as  shown  in 
Fig.  2. 
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Fig.  2.      Construction  of  the  Thiee-unit  Cottrell  Precipitator  at  the  Duquesne  Reduction  Company 


As  indicated  in  Fig.  2,  these  three  pre- 
cipitators are  so  built  together  as  to  form  a 
single  installation  of  three  separate  units.  The 
construction  of  each  of  the  units  is  identical, 
the  intermediate  walls  being  common.  In 
general,  the  structure  of  the  precipitator  unit 
may  be  divided  into  the  following  parts:  the 
concrete  bottom  header  or  dust  chamber;  the 
steel  super-structure  and  top  header;  the  pre- 
cipitator pipes  or  collecting  electrodes;  the 
discharge  electrodes  with  supporting  frame- 
work, cleaning  and  rapping  devices;  and  the 
high-tension  connections  and  switches. 


The  bottom  of  the  structure  is  constructed 
in  the  form  of  a  hopper  whose  sides  slope  at 
angles  of  45  deg.,  terminating  in  a  channel  at 
the  bottom  so  it  may  be  equipped  with  a  screw 
conveyor  in  the  future.  There  are  at  present 
two  openings  in  the  bottom  of  each  unit, 
provided  with  gate  valves  through  which  the 
precipitated  dust  and  fume  can  be  removed. 
The  cubical  content  of  this  bottom  header  is 
approximately  1900  cu.  ft. 

The  chamber  is  supported  at  its  four  corners 
by  reinforced  concrete  columns  which  extend 
up    through    the    chamber    in    the    form    of 
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ese  columns  is  9  ft,  3  in. 
and  21  bj    18  in.  in  cross  section,  inter- 
mediate   columns     being    common     to    the 
adjoining   precipitator  unit.     Access   to   the 


Fig.  3.      Installation  Under  Construct" 
Exit  Connections 


bottom  header  is  made  through  doors  pro- 
vided  in    one   end   of   the   hopper.      Gas   is 
admitted   into   each   of  the  bottom   headers 
through  an  opening  S  ft.  wide  by 
18  in.  high  located  near  the  top  of 
the  bottom  header.     The  gases  on 
entering    the    bottom    header    are 
forced  to  travel  downward  before 
entering     the     precipitator    pipes 
which    extend     into    the    bottom 
header   and    thus    equal    distribu- 
tion of  the  gases  among  the  vari- 
ous pipes  is  obtained. 

Butterfly  dampers  provided  in 
the  inlet  flues  of  the  precipitator 
make  possible  the  regulation  of  the 
volume  of  gases  passing  through 
each  unit. 

Steel  Structure  and  Top  Header 

The  steel  structure  erected  on 
top  of  the  bottom  header  is  sup- 
ported by  four  corner  columns 
made  up  of  angles  placed  back  to 
back  suitably  strengthened  by 
diagonal  bracings  on  the  sides  and 


ends.  These  columns  are  held  in  place  by 
anchor  bolts  inserted  in  the  concrete  bottom 
header.  At  a  point  approximately  10  ft. 
above  the  top  of  the  concrete  header  is  a 
framework  made  up  of  channels,  located  as 
indicated  in  Fig.  2,  between  which  the  pipes 
arc  placed  vertically.  On  top  of  this  frame- 
work is  placed  the  top  header  plate  which  is 
provided  with  holes  to  accommodate  the  pre- 
cipitator pipes.  The  plate  is  so  placed  that 
the  holes  are  directly  over  those  provided  for 
the  same  purpose  in  the  top  of  the  bottom 
header. 

This  steel  structure,  above  the  level  of  the 
top  header  plate,  is  enclosed  by  sheet  metal 
on  all  sides,  the  intermediate  wall  between 
the  adjoining  precipitator  units  being  com- 
mon. There  are  holes  provided  in  both 
sides  of  this  sheeting  through  which  extend 
the  busbars  for  supporting  the  discharge  elec- 
trode framework.  Doors  are  also  provided 
in  both  sides  of  the  top  header  through  which 
access  to  the  interior  is  obtained.  A  sloping 
roof  of  sheet  metal  is  provided  on  top  of 
the  structure,  8  in.  above  which  is  placed  an 
asbestos  protected  corrugated  sheet  roofing. 
The  outlet  flue  is  attached  to  one  side  of  the 
top  header  where  an  opening  sufficient  for 
the  exit  gases  is  constructed. 

Another  framework  is  provided  6  ft.  6  in. 
above  the  top  of  the  concrete  bottom  header 
and  consists  of  angles  and  channels  project- 
ing beyond  the  supporting  columns.  This 
framework  serves  as  a  support  for  a  working 
platform  that  extends  around  the  top  head- 


Fig.  4.      Installation  Under  Construction  Showing  Inlet  Connections 
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crs  of  the  precipitator  units.     On  this  frame- 
work are  located   the  supporting  insult 
which  are  enclosed  in  insulator  boxes  extend- 
ing from  the  level  of  this  platform  to  a  point 
6  ft.  higher,  from  which  latter  point 
they  slope  up  to  meet  the  walls  of 
the  top   header.     These   insulator 
boxes  are  of  rectangular  shape  as 
indicated  in   Fig.  2,  and  are  pro- 
vided with  doors  to  permit  ready 
access  to  the  insulators. 

The  design  of  this  top  header  is 
such  as  to  give  a  gas-tight  com- 
partment with  a  content,  exclusive 
of  the  insulator  boxes,  of  approxi- 
mately 900  cu.  ft. 


top    header  plate   to   the   level    ol    thi 

e    pipe,    thus    making    a     i 
face  in  the  top  header  whi  ily  In- 

cleaned. 


Collecting  Electrodes 

The  collecting  electrode  pipes 
are  fabricated  of  steel  with  spiral 
lock  seams.  At  the  upper  end  of 
these  pipes  an  angle  flange  is 
welded  to  the  pipe  for  its  support. 
Collars  welded  to  the  pipe  approxi- 
mately 6  ft.  6  in.  and  14  ft.  re- 
spectively from  the  upper  end 
present  a  reinforced  surface  on 
which  the  pipes  can  be  rapped  for  clean- 
ing. 

The  pipes  when  installed  are  supported 
by  the  top  header  plate  and  extend  through 
the  holes  in  the  top  header  plate  and  the 
holes  in  the  top  of  the  bottom  header.  When 
properly  plumbed,  concrete  is  placed  on  the 


Fig.  5.      Completed  Installation,  Showing  Inlet  Connects 
Concrete  Hoppers  and  Pipes 


ig.  6.     General  View  of  Completed  Installation 
Discharge  Electrode  System 

The  discharge  electrodes  which  hang  down 
through  the  axial  centers  of  the  precipitator 
pipes  are  supported  from  a  framework  located 
about  16  in.  above  the  top  header  plate.  This 
framework  is  supported  by  corrugated  por- 
celain post  type  insulators,  approximately 
3  ft.  high,  located  in  the  insulator 
boxes  previously  described,  and 
consists  of  the  busbars  which  ex- 
tend across  the  top  header  and 
through  the  holes  provided  in  the 
side  plates  of  the  top  header.  On 
top  of  these  busbars  are  bolted 
spacing  angles  as  indicated  in  Fig. 
2.  To  these  spacing  angles  are 
bolted  clips  from  which  the  dis- 
charge electrodes  are  suspended. 

The  discharge  electrodes  for  the 
LO-in.  pipes  consist  of  Triumph 
chain  held  taut  at  the  base  by 
cast-iron  weights.  The  electrodes 
for  the  14-in.  pipes  are  made  up  of 
13^-in.  extra  heavy  pipe  to  which 
are  fastened  four  longitudinal  fins. 
These  latter  electrodes  extend 
through  the  14-in.  diameter  pipes 
and  are  rigidly  fastened  to  the  bus- 
bars in  the  top  header  and  sup- 
port a  framework  of  similar  con- 
st met  ion  in  the  bottom  header.    The 
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chain  electrodes  pass  through  clips  attached 
in  this  lower  framework.  The  rigid  construc- 
tion of  this  discharge  electrode  assembly 
ents  any  swaying  or  swinging  of  the 
electrodes  during  the  operation  of  the  pre- 
or.  The  insulators  themselves  are  pro- 
tected from  dust  by  sheet  metal  hoods  placed 
over  them.  Doors  are  provided  in  the  hoods 
to  permit  access  to  the  insulators  when  desir- 
able. 

Cleaning  and  Rapping  System 

Rapping  devices  arc  provided  for  removing 
the  material  collected  on  -both  the  pipes  and 
the  discharge  electrodes.  The  rappers  for  the 
pipes  consist  of  a  shaft  which  is  located 
centrally  in  each  one  of  the  three  aisles 
between  the  precipitator  pipes,  to  which  shaft 
are  attached  five  arms,  each  of  which  carries 
a  cast-iron  weight.  The  shaft  is  operated 
from  a  system  of  levers  located  outside  of  the 
precipitator,  and  when  rotated  the  cast-iron 
weights  strike  sharp  blows  on  the  pipes.  The 
location  of  this  system  of  rappers  is  indicated 
in  Fig.  2. 

The  collected  material  is  removed  from  the 
chains  by  means  of  a  rapping  system  con- 
sisting of  a  shaft  to  which  is  attached  a  pipe 
framework  which  is  operated  from  outside  the 
header  in  a  manner  similar  to  that  of  the  pipe 
rappers.  This  framework  when  rotated  strikes 
against  the  chains  thus  removing  the  dust.  To 
prevent  the  discharge  electrode  framework 
from  swinging  while  being  rapped,  a  locking 
device  is  provided  which  engages  with  the 
framework  in  the  lower  header  and  holds  it  in 
place'during  the  interval  of  rapping  only. 

High-tension  Connections  and  Switches 

The  high-tension  lead  from  the  substation 
extends  to  insulators  located  on  the  side  of 
each  precipitator  unit.  On  top  of  this 
insulator  is  placed  a  spiral  spring.  Another 
insulator  which  is  connected  to  the  discharge 
electrode  framework  of  the  precipitator  unit 
is  carried  on  a  shaft  which  can  be  rotated  by 
hand  from  the  ground.  On  top  of  this 
ed  insulator  is  an  arm  which  makes 
contact  with  the  spring  on  the  top  of  the  line 
insulator  when  rotated  to  the  proper  position. 
In  this  way  each  precipitator  unit  can  be 
connected  or  disconnected  electrically  with- 
out interfering  with  the  operation  of  the 
other  units. 

Electrical  Substation  Equipment 

The  electrical  equipment  for  furnishing  the 
high-voltage    unidirectional    current    for    the 


operation   of  the   three  precipitator  units  is 
located   in   a   brick    substation   as   shown    in 
Fig    i 
The    operation    oi    this   equipment   is   as 

follows:  The  power  supply  is  220-volt, 
3-phasc,  60-cycle  alternating  current.  One 
phase  of  this  is  connected  to  the  primary  of  a 
special  high-voltage  transformer,  the  primary 
of  which  is  provided  with  taps  to  enable 
the  operator  to  vary  the  high-voltage  alter- 
nating current. 

The  high-voltage  alternating  current  is 
transmitted  to  a  mechanical  rectifier  or 
"reversing  switch"  which  is  driven  in  syn- 
chronism with  the  power  supply  by  means  of 
a  3-h.p.,  3-phase  synchronous  induction 
motor.  This  synchronous  switch  or  rectifier 
is  so  arranged  that  a  contact  is  made  over  ap- 
proximately 90  electrical  degrees  of  the  wave 
twice  during  each  cycle.  By  means  of  suitable 
switching  arrangement  the  negative  impulse  of 
the  wave  is  permitted  to  pass  directly  to  the 
line.  Then  the  contact  is  broken,  and  by  the 
time  the  polarity  in  the  transformer  has  been 
reversed  the  connection  between  the  ter- 
minal and  the  line  have  also  been  reversed 
so  that  again  the  negative  potential  passes 
directly  to  the  line.  This  gives  not  a  true 
direct  current  but  a  unidirectional  inter- 
mittent flow  of  current  having  120  impulses 
per  second.  However,  the  electrical  field 
between  the  electrodes  in  the  precipitator 
is  maintained  at  somewhere  near  a  constant 
potential  by  the  condenser  action  of  the 
precipitator  itself. 

In  order  to  obtain  close  regulation  between 
the  voltages  supplied  by  the  various  ratio 
taps  of  the  transformer,  a  non-inductive 
series  resistance  is  provided  in  the  primary 
circuit.  This  resistance  is  divided  into  eight 
steps  and  so  arranged  that  the  amount  which 
is  inserted  in  the  line  can  be  controlled  from 
the  switchboard. 

Two  comrlete  sets  of  electrical  equipment 
are  installed  for  operating  the  precipitators. 
One  of  these  electrical  sets  is  new  and  con- 
sists of  the  following: 

One  synchronous  induction  motor 
One  special  high-voltage   transformer   of 
25-kv-a.  capacity  with  taps  provided 
in  its  primary  winding  so  that  with  a 
primary  voltage  of  200  volts  a  high- 
tension  voltage   of  55,000   to   75,000 
volts  can  be  secured 
One  mechanical  rectifier 
One     switchboard     with     meters     and 
switches,     resistances    and    accessory 
equipment. 
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condition  and  consists  of  the  following: 
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°ot  from  the  weather  is  provided  i 
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Operation 

Since  the  installation  has  been  in  opera- 
tion a  recovery  of  well  over  95  per  cenl 
ol  the  metallic  values  carried  in  the  gases 
entering  the  precipitator  has  been  main- 
tained. _  the  electrical  power  consumption  ol 
the  equipment  with  two  precipitator  units  in 
use  has  averaged  300  to  500  kw-hr.  per  24-hr 
i  I  1  ,  P.reciPltator  pipes  and  discharge 
electrode  chains  are  rapped  at  periods  varying 
from  one  to  two  hours.    Three  to  five  minutes 


Fig.  7.     Layout  of  Substation  Building  for  the  Duquesne  Reduction  Company's  Precipitator  Installation 


primary  voltage  of  200  volts  a  high- 
tension  voltage  of  50,000  to  100,000 
volts  can  be  secured 

One  mechanical  rectifier 

One  switchboard  with  switches,  meters 
resistances  and  accessory  equipment. 

Both  of  these  electrical  sets  are  located  in 
the  substation  building  as  indicated  in  Fig.  7. 
Guard  screens  are  installed  in  front  of  the 
equipment  that  carries  high -voltage  elec- 
tricity, and  doors  are  provided  to  permit 
access  when  necessarv. 


are  required  for  the  rapping  of  two  units.  At 
the  time  one  precipitator  unit  is  shut  down 
for  rapping  and  cleaning,  the  gases  are  passed 
through  the  other  two  units  so  that  at  no 
time  do  any  of  the  gases  escape  to  atmos- 
phere without  treatment  in  the  Cottrell  pre- 
cipitator. 

Recovery 

The  precipitator  recovers  approximately 
1300  lb.  of  material  per  furnace  during  a 
day's  operation.  This  material  varies  widely 
in    composition    but    the    average    analysis 
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be  as  follows  for  the  principal  metallic 

constitu 

Tin  24  per  cent 

Lead    4  pei 

Zinc  i'1  per  cent 

all  in  tl  i  «ides  and  chlorides. 

Cost  of  Operation 

The  cost  of  an  installation  similar  to  the 
one  at    the    Duquesne   Reduction  Company 


compl*  ed   and   placed   in   operation 

by  the  Research  Corporation  at  the  present 
would    be    approximately    $40,000    to 
$50,000. 

One  operator  is  in  charge  during  each  of 

two  shifts  per  24  hr.     General  repairs  and 

maintenance  would  not  exceed  2  per  cent  of 

in  vestment  and  the  depreciation  would 

d  10  per  cent  overall. 


Automatic  Substation  at  Christchurch,New  Zealand 

By  Nelson  Jones 
u  \l  and  Engineering  Co.,  Ltd.,  Christchi  r<  h,  \.  Z. 

This  article  describes  in  detail  how  an  automatic  substation  application  in  New  Zealand  solved  the 
problem  of  supplying  increased  power  economically  to  a  remote  section  of  a  street  railway  system.  Numer- 
ous similar  applications  have  been  made  in  the  United  States  and  others  are  contemplated  as  soon  as  street 
railway  conditions  become  established.  It  would  seem  that  the  managers  of  railway  properties  are  becoming 
familiar  with  the  reliability  and  adaptability  of  the  automatic  substation. — Editor. 


Christchurch,  the  chief  city  in  the  South 
Island  of  New  Zealand,  and  the  second 
largest  in  the  Dominion,  is  situated  on  the 
Canterbury  Plains,  on  the  east  coast  of  the 
island.  The  total  area  of  the  city  is  approxi- 
mately 4,500  acres,  witha  population  of  1 00,000 
people.  The  population  served  by  the 
Tramway  Board's  s}-stem  is  approximately 
93,000,  with  a  total  single  track  mileage  of 
74  miles,  48  chains,  including  loops.  The 
total  number  of  electric  cars  is  65,  with  S9 
trailer  cars.  The  whole  of  the  system  is 
practically  flat  and  without  grades  of  any 
kind,  and  one,  two  or  three  trailer  cars  are  used 
as  traffic  demands,  except  on  the  Cashmere 
Hills  section,  where  severe  grades  of  9  per 
cent  and  10  per  cent  are  met  with  for  a 
distance  of  about  two  miles. 

Fig.  1  shows  the  layout  of  the  system,  and 
it  will  be  noticed  that  all  lines  converge  and 
run  through  the  center  of  the  city  at  Cathe- 
dral Square. 

The  main  power  house,  located  at  Falsgrave 
Street,  was  originally  a  steam  turbine  station, 
but  upon  the  advent  of  the  Government  Lake 
Coleridge  hydro-electric  scheme,  alternating 
current  at  11,000  volts,  3  phase,  50  cycles 
was  available,  and  arrangements  were  made 
for  a  supply  of  power  from  this  source. 
The  original  power  house  is  now  under 
normal  conditions  a  converter  station,  with 
one  l(K)0-kw.,  and  one  500-kw.  synchronous 
converter,  although  steam  is  always  available 


at  short  notice,  and  the  whole  capacity  of  the 
station,  1000  kw.  at  600  volts  d-c.  and  1500 
kw.  a-c,  can  be  utilized  as  a  standby  for  the 
tramway  system  itself  and  for  the  more 
important  consumers  on  the  Government  a-c. 
lines. 

The  Cashmere  Hills  section  was  originally 
fed  from  the  power  house  by  one  0.4  positive 
and  one  0.4  negative  feeder  tapping  in  at  the 
far  end  of  the  section,  each  feeder  being  3 
miles,  32  chains  long.  Under  ordinary  serv- 
ice conditions,  with  two  cars  on  the  Hills 
section  at  the  same  time,  the  voltage  drop 
was  excessive,  and  it  was  found  difficult  to 
maintain  a  reasonable  car  speed  or  adhere 
to  the  time  table,  and  in  holiday  time,  with 
increased  traffic,  conditions  were  even  worse. 
Owing  to  the  rapid  growth  of  the  Cashmere 
Hills  district  as  a  high-class  residential  area, 
and  also  due  to  the  heavy  traffic  on  Sundays 
and  holidays,  when  thousands  of  people  visit 
the  Hills  for  the  sake  of  the  outing  and  the 
fine  view,  the  Board  found  it  necessary  to 
increase  the  sen-ice  and  speed  up  the  time 
table  on  this  section,  and  after  various 
alternatives  had  been  considered  and  rejected, 
it  was  eventually  decided  to  install  a  300- 
kw.  automatic  substation  at  the  foot  of  the 
Hills,  power  being  supplied  from  the  Govern- 
ment 1 1 ,000-volt,  3-phase,  50-cycle  lines  which 
run  close  to  the  Board's  track  at  this  point. 

The  plant  was  ordered  from  the  General 
Electric  Company  in  June,  1919,  and  deliv- 
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ered  between  February  and  September,  1920. 
The  substation  equipment  comprises  the 
following : 

One  6-pole,  300-kw.,   1000-r.p.m.,  550-volt 

synchronous  converter. 
One    300-kv-a.,    11,000/445-volt,    50-cycle, 

3-phase,  oil-cooled,  main  transformer. 
One  5-kv-a.,  11,000/1 10-220- volt,  50-cycle, 

control  transformer. 
One  15,000-volt,  motor  operated,  oil  circuit 
breaker. 


been  described  at  length  in  previous  issues  of 
the  General  Electric  Review. 

The  substation  building  is  of  brick,  25  ft. 
by  25  ft.  by  16  ft.  high,  with  an  entrance 
tower  for  the  high  tension  lines  25  ft.  high. 
An  annex,  10  ft.  by  16  ft.,  is  utilized  as  a 
transformer  distributing  station  for  local 
consumers  from  the  Government  lines.  Venti- 
lation and  lighting  are  provided  by  glass 
louvres  specially  screened  to  prevent  entrance 
of  dust,  and  the  cement  floor  has  been  well 


Fig.  1.      Layout  of  Christchurch,  N.  Z.,  Tramway  Board's  Track,  Showing  Position  of  Power  House  and  Substat 


One  set  of  15,000-volt,  three-phase,  oxide 
film  lightning  arresters. 

Automatic  control  panel. 

Converter  contactor  panel. 

Motor  operated  controller. 
The  required  voltages  and  frequency,  being 
unusual  in  the  United  States,  called  for  some, 
slight  modification  in  previous  design  and  for 
fresh  development  work,  but  otherwise  the 
equipment  is  practically  standard  and  its 
details  and  general  operation  have  already 


oiled  and  painted,  with  the  same  end  in  view. 
Extra  heavy  roof  beams  above  the  rotary 
and  transformer  provide  means  tor  handling 
and  lifting.  Trenches  built  into  the  floor, 
covered  with  iron  checker-plates,  carry  all 
control  wires  and  main  cables,  and  consider- 
able trouble  was  taken  to  avoid  crossing  or 
mixing  of  wires,  so  that  any  control  wire  or 
cable  can  be  quickly  and  readily  identified. 

Erection  was  commenced  on  January  17, 
1921,  and  as  this  was  the  first  automatic  sub- 
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station  of  any  kind  to  be  installed  in   New 
Zealand,  and  indeed  the  firsl   full  automatic 
substation  in  Australasia,  very  greal   ii 
was  taken  in  the  work  and  preliminary  trials. 
Each  individual  relav  and  safety  device,  and 


! 

tie 

a? 

a 

Fig.  2.      Automatic  Control  Panel 

Resistors  on  Top.      (Time  s 

hand  bottom  sub-bas 


fith  Cuirent  Limiting 
fitch  on  right  - 


every  sect  inn  of  the  control  circuits,  were  tried 
i  iu1  and  adjusted  separately,  and  not  until 
after  all  possible  combinations  of  the  plant 
had  been  tried  out  in  groups  was  it  put  on  the 
line  as  a  whole;  and  it  was  due  mainly  to  the 
care  taken  with  these  tests  that,  when  first 
operated  as  a  complete  unit  on  .March  11, 
practically  no  trouble  of  any  kind  developed 
and  two  cars  were  almost  immediately  sent 
up  the  Hill,  giving  a  load  of  401)  amperes  from 
the  substation.  After  a  few  minor  adjust- 
of  various  relays,  the  substation 
carried  the  ordinary  service  traffic  throughout 
the  day,  with  further  minor  adjustments 
during  this  time.  On  the  following  Sunday, 
ial  trial  run  was  made  with 
four  cars,  giving  a  load  of  son  amperes,  and 
urrent  limiting  relays  adjusted  to  suit. 
After  these  adjustments  the  substation  was 
0  take  care  ot  itselt.  and  beyond  usual 
routine  inspection  has  since  been  operating; 
unattended.  Views  of  the  station  are  shown 
in  Figs.  2,  3,  and  -1. 

The  cars  used  on  the  Hills  are  all  eight- 
wheel  combination  ears  we;  bin  18  tons 
when  loaded,  and  are  equipped  with  two 
GE-202  motors  and  K-ll  controllers.  In 
addition  to  the  ordinary  air  and  hand  brakes 
on  the  wheels,  these  cars  are  also  specially 
fitted  with  air-operated  track  brakes  and  an 
additional  emergency  air  reservoir.  Actual 
ammeter  readings  show  an  average  current 
of  2.50  amperes  for  loaded  cars  in  full  parallel 
on  the  0  per  cent  grade. 

One  problem  of  automatic  operation  not 
provided    for    by    the    manufacturers     arose 


Fig.  3.      Exterior  Cashmere  Hills'Automatic  Substatio 
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through  the  tramway  51  ce  cea  ing  at  mid- 
night. The  shutting  down  of  the  main 
Falsgrave  Street  stal  ion  a1  this  time  of  1 1 
deadens  all  trolley  lines,  and  the  contact- 
making  voltmeter  would  cause  the  Cashmere 
substation  to  start  up,  the  ( rovernmenl  a-c.  line 
being  alive  continuously.  As  no  power  is  re- 
quired by  the  tramway  system,  the  timed  ia? 
stopping  relay  would  eventually  shut  down 
the  station.  As  a-c.  power  is  still  available, 
the  contact-making  voltmeter  would  again 
start  up  the  station,  and  the  cycle  would  be 
repeated  until  the  starting  of  the  main  station 
at  6  a.m.  This  difficulty  was  overcome  by 
installing  a  time  switch  in  the  current  control 
relay  circuit,  set  to  open  just  before  the  main 
station  shuts  down,  and  closing  shortly  after 


the  starting  of  thi   ordinary  day's  schedule  at 

1 
The  whole  of  tl 

rch   Tramwa      It 

1m  local  office  of 
the  National  Electrical  &  Ei 
pany,  and  under  the  direction  of  tl      Bi 
engin< 

rhe  in:  tallation  of  th  been 

an  unqualified  success  li  has  allowed  the 
i<  iimt  of  feeder  copper, 
and  has  effected  a  very  appreciable  saving  in 
feeder  losses,  besides  providing  an  increased 
and  mure  satisfactory  ear  service. 

\    600-kw.,    double    umi     automatic   sub- 
:  "1  is  now  mi  order  for  the  Pendalton 
district  of  Christchurch. 


Fig.  4.     300-kw.  Synchronous  Converter  Transformer  and  Control  Gear,  Cashmere  Hills  Substation 
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Einstein's  Theory  of  Relativity* 

By  Charles  P.  Steinmetz 
Chief  Consulting  Engineer,  General  Electric  Company 

Einstein's  Theory  of  Relativity  has  revolutionized  science  by  sweeping  aside  many  of  the  limitatiens 
which  hitherto  fettered  the  human  intellect.  But,  being  essentially  mathematical,  a  general  conception  of  it 
can  be  given  to  the  non-mathematician  only  by  the  use  of  analogies  and  illustrations,  and  this  inevitably 
involves  a  certain  looseness  of  argumentation.  The  following  therefore  may  serve  to  give  a  general  idea  of 
the  Theory  of  Relativity,  but  not  to  critically  review  it.— Tin-;  AUTHOR. 


Einstein's  Theory  of  Relativity  starts  from 
two  premises: 

1.  All  phenomena  of  space,  time  and  mo- 
tion are  relative,  that  is,  there  is  no  absolute 
motion,  etc.,  but  motion,  location  and  time 
have  a  meaning  only  relative  to  some  other 
location,  time,  etc. 

2.  The  laws  of  nature  are  universal,  that  is, 
apply  in  the  same  form  everywhere,  whether 
in  a  speeding  railway  train  on  earth,  or  in  the 
empty  space  between  the  fixed  stars. 

So  far,  these  two  premises  appear  simple 
and  rather  obvious,  but  startling  and  revo- 
lutionary ideas  appear  when  carrying  the 
reasoning  from  these  premises  to  their  ulti- 
mate conclusions,  as  Einstein  has  done. 

Suppose  for  instance,  you  happen  to  run 
your  car  at  30  miles  per  hour  against  a  stone 
wall.  There  seems  nothing  relative  about 
this,  but  the  wreck  is  very  real:  the  stone 
wall  does  not  budge,  and  when  a  rapidly 
moving  mass  meets  an  immovable  body, 
mechanical  energy  is  set  free  destructively. 
But  is  the  stone  wall  really  immovable?  Is 
it  not,  as  a  part  of  the  earth,  spinning  around 
at  800  miles  per  hour,  so  that  both,  the  stone 
wall  and  your  car,  were  moving?  Perhaps 
if  you  happened  to  drive  the  car  in  a  west- 
ward direction,  that  is,  against  the  rotation 
of  the  earth,  your  car  really  was  moving 
slower  than  the  stone  wall;  it  was  going  only 
770  miles  per  hour,  and  the  stone  wall  800 
miles.  But  think  further:  Is  not  the  stone 
wall,  as  a  part  of  the  earth,  revolving  around 
the  sun  at  70,000  miles  per  hour?  And  is 
not  the  sun  and  with  it  the  earth,  and  the 
stone  wall  and  your  car,  also  moving  on  an 
unknown  path  amongst  the  fixed  stars'  So 
that  really,  you  know  nothing  and  can  know 
nothing  about  the  actual  or  absolute  speed  of 
the  car;  all  that  you  know  is  that  the  relative 
speed  of  the  car,  that  is,  the  speed  relative 
to  the  earth  and  thus  also  the  speed  relative 
to  the  stone  wall,  was  30  miles  per  hour.  But 
that  is  sufficient  to  get  and  understand  the 
effects  of  the  car  meeting  the  stone  wall. 


So  with  location.  The  room  in  which  you 
are  sitting  while  reading  appears  fixed  and 
definite.  But  the  only  way  you  can  describe 
its  location  is  by  referring  it  to  some  other 
body  or  location  as  a  reference  point,  by 
saving  that  your  room  is  located  x  feet 
north  and  y  feet  west  and  z  feet  above  the 
surveyor's  markstone  on  city  hall  square;  or 
you  can  give  its  latitude,  longitude  and  al- 
titude,  that  is,  stating  that  from  the  starting 
point  of  latitude,  longitude  and  altitude  (that 
is,  where  the  equator  meets  the  zero  meridian 
at  ocean  level),  you  go  so  many  degrees 
north  (or  south),  then  so  many  degrees  west 
I 1  >r  east ),  and  then  so  many  feet  up  (or  down  I , 
and  thereby  reach  your  room.  Three  dis- 
tances thus  are  required,  measured  in  three 
chosen  directions,  from  a  chosen  starting 
point,  to  locate  a  point  or  an  object  in  space, 
and  therefore  we  say  that  space  has  three 
dimensions.  But  do  these  three  distances 
really  locate  you  in  your  room?  Suppose 
somebody,  reading  the  directions,  would  try 
to  locate  you  one  hundred  years  hence. 
They  would  not  find  you.  Thus  one  more 
thing  must  be  given:  the  time,  measured 
from  some  arbitrary  starting  point;  for 
instance,  anno  domini.  .Thus  you  see. 
to  locate  anything  in  this  world  of  ours 
requires  four  measurements,  three  distances, 
and  one  time,  and  we  thus  can  say  that 
the  world  and  its  events  has  four  dimen- 
sions, three  dimensions  of  space  and  one  of 
time. 

But  all  such  location  of  events  in  the  four 
dimensional  world  can  only  be  relative  to 
the  arbitrarily  chosen  reference  points  in 
space  and  time.  In  bygone  ages,  when  people 
thought  the  earth  flat  and  immovable  as 
the  center  of  the  universe,  we  could  dream 
of  referring  location  to  an  absolute  stationary 
reference  point,  say  the  Capitol  of  Rome. 
But  when  the  earth  became  a  sphere,  spinning 
around  its  axis  and  revolving  around  the 
sun,  the  earth  ceased  to  offer  any  fixed  and 
permanent  reference  point  in  space.  The 
sun  then  was  chosen.  But  the  astronomers 
found  the  sun  moving  amongst  the  fixed  stars. 
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And  the  "fixed"  stars  do  not  stand  still, 
but  are  moving  every  which  way,  so  thai 
all  the  attempts  to  find  something  immovable 
and  fixed  in  the  universe  have  failed,  and 
thus  all  motion,  all  location,  can  be  relative 
only,  to  other  objects,  which  are  also  mo\  ing. 

Suppose  you  toss  a  stone  across  your  room. 
Observing  the  point  at  which  the  stone 
leaves  your  hand,  the  direction  in  which  it 
leaves,  and  the  speed,  the  physicists  will 
calculate  the  path  of  the  stone,  as  it  curves 
downwards  and  finally  comes  to  rest  on  the 
floor  of  the  room.  Suppose  now,  you  are 
on  a  railway  train,  moving  at  constant  speed 
on  a  straight  level  track,  and  toss  a  stone 
across  the  car  in  which  you  arc  riding.  From 
the  same  three  observations :  the  point  in  the 
moving  railway  car  where  the  stone  leaves 
your  hand,  the  direction,  and  the  speed  rela- 
tive to  the  car,  at  which  the  stone  leaves, 
the  physicist  by  the  same  laws  calculates 
the  path  which  the  tossed  stone  travels  in 
the  car,  and  whether  the  car  is  moving  at 
constant  speed  on  straight  level  track,  or 
standing  still,  makes  no  difference;  the  path 
of  the  stone  is  the  same,  as  the  same  laws  of 
nature  apply  everywhere. 

If  the  laws  of  nature  are  the  same  in  the 
railway  train  moving  at  constant  speed  on 
straight  level  track,  as  they  are  on  the 
"rigid"  platform  of  the  earth,  or  in  the  empty 
space  amongst  the  fixed  stars,  then  the  speed 
of  light  must  also  be  the  same,  1S6,000  miles 
per  second,  and  so  must  be  the  speed  with 
which  the  electric  current  travels  in  its 
circuit — which  is  the  speed  of  light.  This  is 
important  because  all  observations  depend 
on  it:  any  event  is  either  observed  by  seeing 
it,  or  recorded  by  some  electrical  arrange- 
ment, and  in  either  case  we  do  not  get  the 
exact  time  when  the  event  occurs,  but  later 
by  the  time  it  takes  the  light  to  reach  our 
eye,  or  the  electric  current  to  flow  from  the 
event  to  the  recording  device.  Due  to  the 
enormous  speed  of  the  light,  this  time  dif- 
ference between  the  moment  when  the  event 
occurs  and  the  moment  when  we  observe 
or  record  it,  usually  is  so  extremely  small  as 
to  be  negligible.  But  not  always.  For  in- 
stance, when  on  shipboard  out  on  the  ocean 
the  chronometer  has  stopped,  and  the  mariner 
tries  to  find  the  location  of  his  ship  from  the 
stars,  he  might  use  the  eclipses  of  the  moons  of 
Jupiter  for  this  purpose.  But  when  he  sees 
the  eclipse,  it  has  already  passed  by  from 
30  to  50  minutes,  depending  on  the  relative 
position  of  the  earth  and  Jupiter,  due  to 
the  time  which  it  takes  the  light  to  go  from 


Jupiter  to  the  earth,  over  the  hundred  ol 
millions  of  miles. 

But  if  the  speed  of  light  in  a  moving  train 
must  be  the  same  as  on  the  stationary  track, 
we  get  some  rather  strange  conclusions. 
Suppose  we  place  a  lamp  on  the  track,  back 
of  the  receding  train,  so  that  the  light  shines 
along  the  track  (for  instance  a  signal  light). 
The  beam  of  light  travels  along  the  track  at 
186,000  miles  per  second.  The  train  moves 
along  the  track,  in  the  same  direction,  at 
100  feet  per  second.  Therefore,  relative  to 
the  train,  we  should  expect  the  beam  of  light 
to  travel  at  186,000  miles  less  100  feet  per 
second.  So  it  would  be  with  a  rifle  bullet. 
If  I  shoot  a  rifle  along  the  track  at  the 
receding  train,  and  the  rifle  bullet  travels 
along  the  track  at  2000  feet  per  second, 
while  the  train  travels  in  the  same  direction 
at  100  feet  per  second,  then  the  rifle  bullet 
will  catch  up  with  the  train  and  pass  through 
the  train  at  the  relative  speed  of  2000  less 
100,  or  1900  feet  per  second.  But  the  con- 
stancy of  the  laws  of  nature  teaches  us  that 
if  the  beam  of  light  travels  along  the  track 
at  186,000  miles  per  second,  and  the  train 
in  the  same  direction  at  100  feet  per  second, 
the  speed  of  the  beam  of  light  measured  in 
the  train,  that  is,  its  relative  speed  to  the 
moving  train,  cannot  be  186,000  miles  less 
100  feet  as  we  would  expect,  but  must  be 
1S6.000  miles  per  second,  the  same  as  relative 
to  the  track.  Now  the  only  way  we  could 
explain  this  contradiction  is  that  when 
we  measured  the  speed  of  light  on  the  train, 
our  measuring  rods  were  snorter,  or,  using 
the  length  of  the  train  as  a  measure,  the  train 
was  shorter,  or  the  time  was  slower,  or  both. 
These  three  possibilities  really  are  one.  It 
can  be  shown,  if  the  length  of  the  train  is 
shorter,  the  time  must  be  slowrer  in  the  same 
proportion.  Thus  this  leads  to  the  strange 
conclusion  that  when  the  train  is  moving, 
in  respect  to  the  beam  of  light  coming  from 
the  outside  and  thus  to  an  outside  observer 
the  length  of  the  train  has  shortened  and  the 
time  in  the  train  has  slowed  down.  But  if  we 
now  stop  the  train  and  remeasure  it,  we  find 
the  same  length,  and  the  same  time  as  before. 

This  conclusion  from  the  two  premises  of 
the  theory  of  relativity  is  so  against  our 
accustomed  ideas  that  we  would  be  inclined 
to  reject  it  if  it  could  not  be  verified  by  ex- 
periment, and  the  experiment  has  been  made 
repeatedly.  It  is  true,  a  difference  of  100 
feet  per  second,  out  of  186,000  miles  per 
second,  is  so  extremely  small  that  it  could 
not  be  measured.     But  we  can  speed  up  the 
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instead  of  LOO  feel   per  second,  run  it 
■    100,000  feet,  or  20  i  i  cond,     We 

such  a  train:     the  earth   on   it 
1   the  sun   move     ab  >ut   20  mile 

arth  then  should  be  20  miles 

less,  gi  mi  ii  I-  in  of  the  earth, 

20  miles  greater.     Bui  the  experimenl  shows 
that  it  is  the  same,  and  that  with  an  accurac 

tni  reatei  hian  '  ■  difference  in 
the  spied  of  Light,  which  we  should  expeel 
but  do  not  find,  so  thai  the  fad  of  the  con- 
stancy of  the  speed  of  lighl  is  beyond  ques- 
tion. Also,  then  it  is  beyond  question,  thai 
ion  shortens  the  Length,  anil  slows  down 
the  time  on  the  moving  body,  for  an  outside 
observer.  Not  for  an  observer  moving  with 
rain:  for  him  length  and  time  are  the 
same. 

What  does  this  mean"'  The  train  stands  on 
the  track.  I  measure  it  from  the  outside, 
you  measure  it  from  the  inside,  and  we  find 
the  same  length  We  compare  our  watches 
and  find  them  to  go  alike.  Now  the  train 
starts  and  runs  at  high  speed.  While  it  is 
rig  me,  I  measure  its  length  again,  and 
find  it  shorter  than  before,  while  you  travel- 
ing with  the  train  measure  it  again  from  the 
inside,  and  find  the  same  length  we  both 
found  when  the  train  was  standing  still. 
But  while  passing  over  it,  you  measure  a 
piece  of  the  track,  and  find  it  shorter  than  I 
find  it  when  measuring  it  from  the  outside. 
While  you  pass  me  on  the  train,  I  compare 
your  watch  with  mine,  and  find  your  watch 
slower  than  mine.  But  you,  comparing 
your  watch  with  mine,  while  passing  me, 
find  my  watch  slower.  Then  the  train  stops, 
and  both  our  measurements  agree  again. 
What  then  is  the  "true"  length  of  the  train, 
and  the  "true"  time?  That  which  I  get 
when  measuring  the  train  while  it  passes 
me  at  high  speed,  or  that  which  you  get 
while  moving  with  the  train'  Both,  and 
neither.  It  means  that  length  is  not  a  fixed 
and  unvariable  property  of  a  body,  but  de- 
pends on  the  condition  under  which  it  is 
observed.  The  train  has  one  length  to  the 
observer  standing  still  with  regard  to  it, 
that  is,  the  observer  in  the  train;  a  different. 
and  a  shorter  length  to  the  observer,  whom 
it  passes  at  100  feet  per  second;  and  if  I 
could  go  outside  of  the  earth  and  measure 
the  length  of  the  train,  while  the  train  and 
earth  rush  by  me  at  2(1  miles  per  second,  1 
would  find  a  third  still  shorter  length. 

Length    and    time    therefore    are    relative 
properties  of  things,  depending  on  the  con- 


ditions    under     which     they     are     observed, 
particularly   the  n  lative  speed  of  the  bod 

i  erver.    Thi  ;o  startling 

only  because  it  is  novel,  since  at  all  speeds 

which  i  ri  Hind   us,   even   the  highest 

lullets,  the  change  of  length 
and  time  is  so  extremely  small  as  to  be  in- 
appreciable, and  we  therefore  are  used  to 
finding  length  and  time  constant.  Appre- 
ciable changes  occur  only  at  the  spt 
10,0011  to  LOO.OOO  miles  per  second  and 
more,  while  the  most  accurate  methods  of 
measurement  would  fail  to  show  an  appre- 
ciable shortening  of  the  railway  train  going 
at  60  miles  per  hour,  because  the  shortening 
is  so  small.    But  it  is  there  just  the  same. 

However,  the  relativity  of  the  length  of  a 
body,  that  is,  the  dependence  of  the  length 
on  the  condition  of  observation,  is  no  more 
strange  than  the  relativity  of  the  color  of  a 
body.  Off-hand  we  will  say  that  a  body  has 
a  fixed  and  definite  color;  the  grass  is  green, 
the  snow  is  white.  Nevertheless,  wdien  we 
think  of  it  we  know  it  is  not  so.  The  lady 
buying  material  for  a  dress  in  the  dry  goods 
store  during  the  daytime  may  select  a  nice 
heliotrope.  But  when  the  dress  is  finished, 
in  the  ballroom  she  finds  its  color  a  clear 
soft  pink.  And  when,  to  have  a  photograph 
taken,  she  goes  to  a  photographer  using 
mercury  lamps  in  his  studio,  she  finds  the 
same  dress  a  clear  blue.  Which  is  its  "true" 
color?  Heliotrope,  or  pink,  or  blue?  Either 
is  the  true  color  under  the  condition  under 
which  it  is  observed.  So,  Einstein's  Theory 
of  Relativity  proves  to  us  that  it  is  so  with 
length  and  with  time.  There  is  no  single 
length  of  a  body,  nor  time  on  the  body,  but 
length  and  time  are  relative,  and  vary  with 
the  conditions  under  which  they  are  observed, 
with  the  relative  speed  of  the  observer,  just 
as  the  color  of  a  body  varies  with  the  kind  of 
light  under  which  it  is  seen. 

If  then,  in  a  body  moving  rapidly  past  us, 
the  distance  appears  shortened,  and  the  time 
slowed  down,  the  speed,  which  is  distance 
divided  by  time,  must  also  appear  slower. 
Now  the  energy  of  the  moving  body  depends 
on  its  mass  and  its  speed,  and  with  the  same 
energy  put  into  the  body,  if  the  speed  appears 
slower,  the  mass  must  appear  larger.  We 
thus  draw  the  conclusion  from  Einstein's 
Theory  of  Relativity,  that  the  mass  of  a  mov- 
ing body  is  not  constant,  but  increases  with 
the  speed,  and  the  oldest  of  the  great  funda- 
mental laws  of  nature,  the  law  of  conserva- 
tion of  matter,  thus  goes  into  the  discard. 
For  nearly  two  centuries  we  have  accepted 
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the  law  of  conservation  of  matter,  and 
believed  that  matter,  that  is,  mass,  can  neil  her 
be  created  nor  destroyed,  and  now  we  find 
that  mass  varies  with  the  speed,  so  that 
speed,  that  is,  energy,  can  create  mass, 
and  mass  or  matter  probably  is  merely  a 
manifestation  of  energy.  And  this  can  be, 
and  has  been  verified  experimentally.  The 
decrease  of  length,  the  slowing  down  of  time. 
the  increase  of  mass,  becomes  appreciable 
only  at  velocities  approaching  those  of  the 
light,  but  at  ordinary  everyday  velocitie 
length,  time  and  mass  are  constant.  But  in 
the  vacuum  tubes  used  in  our  win  le 
stations  to  produce  the  electrical  vibrations 
which  carry  the  message  through  spaa 
across  oceans  and  continents,  the  currenl  i 
carried  through  the  empty  space  of  thi  tube 
by  minute  particles,  so-called  electrons 
and  measuring  the  speed  and  the  ma 
these  electrons  the  phvsicists  find  that  they 

move  at  speeds  of  10,000  and    LOO, I  mile 

per  second  and  that  their  mass  is  nol  con 
stant,  but  increases  with  the  speed,  in  the 
manner  as  required  l>y  Einstein's  theory. 
This  was  the  first  experimental  proof  of 
the  change  of  mass,  and  it  was  found  befon 
Einstein  gave  the  explanation  in  his  rela- 
tivity theory. 

Suppose  you  have  a  billiard  table  in  your 
house.  You  put  a  ball  in  the  middle  of  the 
table.  It  stays  there  until  something  pushes 
it,  and  this  something  we  call  "force." 
Or  you  shoot  a  ball  across  the  billiard  table. 
It  moves  in  a  straight  line  until  it  strikes 
the  boundary,  rebounds  and  again  moves  in 
a  straight  line  at  constant  speed.  Suppose 
now  we  have  a  billiard  table  in  a  train,  and 
the  train  is  running  at  constant  speed  on  a 
straight  level  track.  You  again  put  a  ball 
in  the  middle  of  the  table  and  it  stays  there, 
just  as  was  the  case  in  your  house,  at  rest 
with  regard  to  the  table  (though  I,  standing 
outside  near  the  track,  see  that  train,  and 
table  and  ball  all  three  move  together,  at 
constant  speed).  You  shoot  the  ball  across 
the  table,  and  it  moves  in  a  straight  Inn  al 
constant  speed,  thus  in  the  moving  railway 
train  obeying  the  same  laws  of  nature  as  in 
your  stationary  house,  namely,  that  a  body 
keeps  the  same  state,  whether  at  rest  or 
in  motion,  until  something  changes  its  state. 

But  suppose  the  train  is  speeding  up,  its 
speed  increasing  while  you  put  the  ball  in 
the  middle  of  the  billiard  table  in  the  train. 
Now  you  find  that  this  ball  does  not  remain 
at  rest,  but  it  begins  to  move  towards  the 
back  of  the  train,  first  slowly  and  then  more 


and  more  rapidly  untilit  comi  gainst 

the  back  boundary  of  the  table,  just  as  a 
stone  that  I  drop  does  not  remain  at  rest, 
suspended  in  the  air,  but  begins  to  move 
downward  with  increasing  speed,  "falls." 
So,  the  billiard  hall  in  the  speeding  train 
"falls"  towards  the  back  of  the  train.  You 
shoot  a  ball  across  the  billiard  table,  while 
the  train  is  speeding  up;  it  does  not  move  in 
a  straight  line,  bul  curves  towards  the  back 
-  tf  t  lie  train,  just  like  a  thrown  t  on,'  on  earth 
does  not  move  in  a  straight   line  at  constant 

peed  bu1  i  in*  es  downward.  You  say  then, 
that  in  the  speeding  railway  train  some  force 
acts  on  the  billiard  hall,  pulling  it  towards 
i  he  back  of  the  train.  ,iii  taction 

of  tin'  earth  is  pulling  downwards.  You 
may   speculate   on    tin  ich   attracts 

things    towards    the    back    of    the    speeding 
railwaj  train,  and  find  its  laws  just  as  \i  ' 
fi  >und  t  he  law       overninj    tfr    Eorc 
itation.    But  I,  standing  on  the  embankment, 
near  the  track,  while  the    peeding  railway 
train  passi  ere  is  no  real  force 

acting  on  the  billiard  ball,  but  when  you  put 
li  into  the  middle  of  the  table,  left  to  itself, 
it  continues  to  move  in  a  straight  line  at 
the  speed  which  it  and  the  train  had  when 
you  put  it  there,  and  what  happens  is,  that 
billiard  table  and  train,  speeding  up,  slide 
forward  under  the  ball,  and  the  ball  thus 
seems  to  fall  backwards,  towards  the  end  of 
the  train.  So  when  you  shoot  a  ball  across 
the  billiard  table  in  the  speeding  railway 
train.  I  from  the  outside  see  the  ball  move  in 
a  straight  line  at  constant  speed,  but  see  the 
billiard  table  and  train  slide  forward  under 
it,  so  giving  you,  who  are  moving  with  the 
speeding  railway  train,  the  impression  of  an 
attracting  force  pulling  the  ball  towards  the 
back  of  the  train.  You  try  to  find  the  lav,' 
of  this  force,  that  is,  the  laws  obeyed  by  the 
relative  motion  which  you  see.  But  to  mc 
these  motions  are  those  of  a  body  left  to  itself, 
that  is,  a  straight  line  at  constant  speed,  and 
knowing  the  motion  of  the  speeding  railway 
train,  the  mathematician  can  calculate  the 
motion  which  you  observe,  without  any 
assumption,  merely  as  a  mathematical  trans- 
formation from  the  straight  line  motion  which 
I  see,  to  the  complicated  motion  relative  to 
'lie  speeding  train  which  you  observe,  and 
derive  the  laws  of  the  latter  motion,  that  is, 
the   laws   of    the   fictitious   attracting    force, 

to  which   you  ascribe  these  motions.      This 

Einstein  has  done,  and  so  derived  a  new  and 
more     general     expression    for    the    law    of 

gravitation,  in  a  way  which  does  not  depend 
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on  any  hypothesis  on  the  nature  of  the  force. 
This  law  is  more  general  than  Newton's 
law  of  gravitation  and  the  latter  appears 
as  the  first  approximation  of  Einstein's  law 
of  gravitation. 

The  more  general  law  of  gravitation  given 
by  Einstein  does  not  mean  that  Newton's  law 
of  gravitation  is  wrong;  both  laws  give  so 
Dearly  the  same  results  in  almost  all  cases, 
even  in  the  calculation  of  cosmic  motions, 
that  usually  the  difference  cannot  be  dis- 
covered even  by  the  most  accurate  measure- 
ments, that  is,  Newton's  law  is  a  very  close 
approximation  of  Einstein's.  There  are  a 
few  cases  only  in  the  universe  as  we  know 
it  today,  where  the  difference  becomes  no- 
ticeable. Such  for  instance,  is  the  motion 
of  the  planet  Mercury.  This  planet  has  been 
observed  for  thousands  of  years,  but  all 
attempts  to  accurately  calculate  its  motion 
by     Newton's     law    have    failed    while    the 


application  of  Einstein's  law  has  done  so, 
thus  once  again  corroborating  Einstein's 
Theory  of  Relativity. 

Thus  to  conclude:  the  theory  of  rela- 
tivity means: 

All  phenomena  of  motion,  space  and  time 
are  relative. 

The  laws  of  nature,  including  the  speed  of 
light,  are  the  same  everywhere. 

Herefrom  follows,  that  length,  time  and 
mass  are  relative  also,  are  not  fixed  properties 
of  things,  but  vary  with  the  relative  speed 
of  the  observer. 

A  more  general  law  of  gravitation  is  de- 
rived as  a  mathematical  transformation  of 
straight  line  inertial  motion  to  the  apparent 
motion  relative  to  a  speeding  system  (the 
railway  train  in  above  illustration)  and  shows 
that  gravitation  is  not  a  real  force,  but  a 
manifestation  of  inertia,  like  centrifugal 
force. 


Types  of  Lightning  Arresters 

By  J.  L.  R.  Hayden  and  N.  A.  Lol'gee 

t.i  neral  Engineering  Laboratory,  General  Electric  Company 

In  our  issue  of  November  we  published  an  article  on  "A  Generator  for  Making  Lightning."  The  present 
contribution,  by  the  same  authors,  deals  with  the  different  types  of  arresters  in  use  and  explains  how  the  more 
efficient  types  not  onlv  give  better  protection  against  outside  disturbances  but  also  cause  less  disturbance  in 
the  circuit  itself.  The  results  of  testing  different  types  of  arresters  by  the  lightning  generator  are  given  and 
much  valuable  information  is  incorporated  in  the  oscillograms  accompanying  the  article. — Editor. 


The  purpose  of  lightning  arresters  is  to 
afford  protection  against  surge  voltages,  which 
may  enter  the  circuit  from  such  outside  agen- 
cies as  atmospheric  disturbances,  or  those 
which  may  originate  in  the  circuit  itself.  The 
function  of  the  arrester  is  to  discharge  such 
abnormal  voltages — -whatever  their  origin,  to 
ground  safely  with  the  least  possible  disturb- 
ance of  the  normal  flow  of  power  in  the  circuit 
— preferably  without  any  disturbance  at  all. 

This  means  that  when  the  lightning 
discharge  to  ground  occurs,  the  dynamic 
current,  that  is,  the  normal  current  produced 
by  the  generator  in  the  station  and  traversing 
the  circuit  in  transmitting  and  distributing 
light  and  power,  must  not  be  allowed  to 
follow  the  lightning  discharge  to  ground  and 
so  short  circuit  the  system,  or  at  least  must 
be  interrupted  so  quickly — -within  two  or  three 
half  waves — that  the  circuit  disturbance 
caused  thereby  is  negligible. 

The  problem  of  opening  the  dynamic 
following  the  static  thus  is  one  of  the  most 
important  in  lightning  arrester  design. 


Putting  a  resistance  in  the -discharge  path 
of  the  arrester,  as  has  often  been  done, 
reduces  the  dynamic  current  following  a 
discharge  and  thereby  the  disturbance  caused 
by  it,  and  makes  its  interruption  much  easier. 
But  it  also  reduces  the  protective  value  of  the 
arrester  by  limiting  its  discharge  rate. 

Three  types  of  lightning  arresters  may  be 
distinguished  according  to  the  manner  in 
which  the  dynamic  circuit  is  interrupted. 

Horn  Type  of  Arrester 

The  horn  type  allows  the  dynamic  current 
to  flow  after  the  discharge.  It  consists  of  two 
horns,  one  connected  to  the  line,  and  the  other 
to  ground,  and  a  series  resistance.  The  abnor- 
mal voltage  jumps  the  gap  between  the  horns 
and  discharges  through  the  series  resistance 
to  ground;  the  machine  current  follows;  the 
arc  rises  between  the  horns,  flares  up  and 
opens  after  some  time,  clearing  the  circuit 
after  some  seconds,  more  or  less. 

The  series  resistance  must  be  of  a  sufficient 
value  to  prevent  a  short  circuit  on  the  system 
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after  the  discharge,  ami  to  enable  the  horns 
to  rupture  the  dynamic  current.  But  the 
series  resistance  limits  the  surge  current  as 
well  as  the  dynamic  current  following  the 
discharge,  and  is  therefore  very  detrimental 
from  a  protective  standpoint. 

Aluminum  and  Oxide  Film  (OF)  Arrester 

A  type  of  the  other  extreme  is  represented 
by  the  aluminum  cell  arrester  and  the  OF 
arrester,  types  which  pass  the  abnormal 
voltage  freely  with  practically  unlimited 
discharge  capacity,  but  which  do  not  allow 
the  dynamic  to  flow  at  all.  They  act  towards 
the  normal  circuit  voltage  and  the  abnormal 
over-voltage  in  somewhat  the  same  way  as  a 
storage  battery,  or  counter  e.m.f.  of  negligible 
resistance,  would  act  in  the  direct  current 
circuit  when  the  battery  voltage  is  equal  to 
the  normal  voltage  of  the  circuit.  No  current 
or  practically  no  current  would  flow  through 
the  battery  to  ground  at  normal  circuit 
voltage,  but  any  abnormal  voltage,  whether 
over-voltage  or  high  frequency  voltage,  would 
discharge  freely  through  the  battery.  Like- 
wise, no  current  flows  at  abnormal  circuit 
voltage  through  the  OF  cell  or  the  aluminum 
cell  (except  a  very  small  leakage  current,  and 
in  the  aluminum  cell  a  small  wattless  capacity 
current) ;  but  an  abnormal  voltage  discharges 
freely  with  this  type  of  arrester — -which  by 
analogy  often  is  referred  to  as  the  "Counter 
E.M.F.  Type."  A  discharge  thus  produces 
no  disturbance  at  all  in  the  circuit,  and  does 
not  appreciably  affect  the  machine  voltage 
and  current  even  for  a  part  of  a  half  wave. 
It,  therefore,  is  the  preferable  type  of  arrester, 
and  is  universally  used  wherever  the  value  of 
the  protective  apparatus  economically  justifies 
its  installation. 

Multigap  Type  of  Arrester 

However,  in  primary  distribution  systems, 
with  thousands  of  small  transformers 
scattered  throughout  the  circuits,  it  is  not 
economically  feasible  to  place  an  aluminum 
cell  or  OF  arrester  at  every  small  trans- 
former, and  theory,  as  well  as  extended 
experience,  have  proven  that  effective  pro- 
tection of  distribution  transformers  requires 
the  location  of  a  lightning  arrester  at  the 
transformer.  This  requires  a  simple  and 
relatively  cheap  type  of  lightning  arrester 
which  needs  no  attention,  can  be  left  to 
itself,  and  offers  the  assurance  that  it  will  give 
reasonably  good  protection;  that  is,  one 
which  reduces  the  losses  by  lightning  so  far 
that  the  possible  saving  by  any  still  further 


reduction  of  the  losses  would  not  justify  the 
expense  of  further  devices. 

The  third  type  of  arrester,  the  multigap,  is 
admirably  fulfilling  this  duty,  and  has  done 
so  for  a  long  time.  It  is  based  on  the  discovery 
that  with  a  short  alternating-current  arc 
between  large  cold  metal  terminals  the 
voltage  required  to  start  an  arc  again  at  the 
reversal  of  current  is  much  higher  than  the 
voltage  required  to  maintain  the  arc,  and 
such  an  arc,  therefore,  tends  to  go  out  at  the 
end  of  the  half  wave  of  current.  The  multigap 
lightning  arrester  in  its  simplest  form  thus 
consists  of  a  number  of  narrow  gaps  between 
brass  terminals.  The  static  discharges  pass 
over  the  gaps  from  the  line  to  ground.  The 
dynamic  or  machine  current  follows  and 
continues  until  the  end  of  the  half  wave 
during  which  the  static  has  passed,  and  then 
goes  out  if  the  number  of  spark  gaps  is 
sufficient  so  that  the  circuit  voltage  cannot 
start  the  reverse  current.  The  multigap 
arrester  thus  short  circuits  the  system  for  the 
rest  of  the  half  wave  during  which  the 
lightning  discharge  occurs;  that  is,  for  a 
fraction  of  a  half  wave,  or  less  than  1/1 20th 
of  a  second.  While  during  this  short  time  it 
pulls  the  circuit  voltage  down  and  takes  a 
large  current,  the  duration  is  so  short  that  it 
produces  no  appreciable  disturbance  beyond 
perhaps  a  momentary  flicker  of  the  lights 
connected  from  the  transformer,  and  also  it 
does  not  throw  synchronous  apparatus  out  of 
step,  etc. 

The  essential  of  the  multigap  thus  is,  to 
have  as  few  gaps  as  possible  to  give  a  low 
discharge  voltage,  but  to  have  the  number 
of  gaps  sufficiently  large  so  that  at  the 
reversal  of  voltage  the  circuit  voltage  cannot 
start  a  reversal  current  through  the  residual 
arc  vapor  left  in  the  gap  by  the  preceding 
half  wave  of  current.  The  larger  the  discharge 
current,  therefore,  the  greater  is  the  liability 
of  the  arrester  failing  to  open  it  at  the  end 
of  the  half  wave. 

iSeries  resistance,  by  reducing  the  discharge 
current  and  thus  the  residual  vapor  left  by 
it  in  the  spark  gaps,  increases  the  interrupting 
capacity,  but  is  undesirable  since  it  limits  the 
discharge  capacity  of  the  arrester. 

Shunt  resistance,  that  is,  resistance  of 
various  values  shunting  some  of  the  spark 
gaps,  does  not  lower  the  discharge  capacity 
of  the  arrester,  and  materially  assists  in 
opening  the  dynamic  circuit.  With  shunt 
resistance,  during  the  half  wave  in  which 
the  lightning  discharge  occurs,  the  dynamic 
follows  the  static  and  short  circuits,  result- 
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ing  in  a  large  current  with  no  appreciable 
voltage  drop  across  the  arrester  At  the  end 
e  half  wave,  the  current  stops,  but  with 
the  large  amount  of  arc  vapor  left  in  the  gaps, 
it  starts  again  in  the  free  or  series  gaps  at  the 
beginning  of  the  next  half  wave.    But  in  the 

UuuuuuJ 


jllfr  Ground 


Fig.  1.      Circuit   Arranged  to   Impress   Impulse  from  Lightning 

Generator  on  a  Lightning  Arrester  When  Connected  to  the 

Normal  Dynamic  Circuit 


gaps  shunted  by  resistance,  especially  the 
lower  values  of  resistance,  the  current  at  the 
beginning  of  the  half  wave  starts  through 
this  resistance  which  shunts  the  gaps;  that 
is,  there  is  not  enough  voltage  to  start  the 
arc  again  across  the  shunted  gaps.  By  passing 
through  the  shunting  resistance,  the  current 
of  this  second  half  wave  of  discharge  is 
materially  reduced,  and,  therefore,  when  at 
the  end  of  the  second  or  third  half  wave  it 
goes  out,  it  will  not  start  again.  That  is,  the 
dynamic  has  been  put  out  in  two  or  three  half 
waves — at  the  end  of  the  first  half  wave  it  is 
shifted  to  the  shunting  resistance  and  the 
current  thus  Lowi  red,  and  at  the  end  of  the 
second  or  third  half  wave  the  circuit  is 
opened.  This  is  well  shown  by  the  oscillo- 
grams in  the  following  tests  which  were  made 
with  the  lightning  generator  described  in  the 
niter,  1921,  issue  of  the  General 
Electric  Review. 


The  circuit  is  shown  in  Fig.  1 .  It  represents 
the  discharge  from  the  release  of  a  bound 
charge  on  a  line.  The  condensers  are 
gradually  charged  l>y  the  kenotrons,  but  the 
arrester  is  kept  at  ground  potential  during 
this  time.  This  is  also  the  case  with  an 
arrester  on  a  transmission  line,  for  on  account 
of  leakage  through  the  arrester  gaps,  low- 
insulation  resistance,  corona,  etc..  the  trans- 
mission line  is  kept  at  or  near  ground  potential 
and  a  bound  charge  accumulated  on  it  due  to 
radual  rise  of  the  charge  of  the  cloud 
it.*   This  bound  reed  when  a 

lightning  flash  occurs  and  the  held  from 
ground  to  cloud  collapses.  This  free  charge 
then  has  a  very  high  potential  against  ground 
and  di  hroti  Like- 

wise, in  the  test  circuit,  when  the 
G,  discharges,  it  d  discharges  that 

side  of  the  ci  onnects,  and 

thereb  ier  side 

of  the  condenser,  which  up  to  then  was  bound, 
that  is,  at  ground  potential.   Tins  freed  charge 
instantly    rises   to   the   full   potential   a 
ground,  and  causes  a  discharge  through  t he- 
lightning  arrester 

Fig.  2  shows  the  action  of  a  2300-volt 
multigap  arrester  consisting  of  series  gaps, 
and  a  number  of  gaps  shunted  by  a  resistance 
of  about  30  ohms.  An  arrester  typical  of  this 
type  is  shown  in  Fig.  4.     The  impulse  dis- 
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Fig.  2.       Action    of  a  2300-volt    Multi-gap  Arrester    During 
Impulse  Discharge 

charged  through  all  the  gaps,  as  this  path  is 
the  one  of  lowest  resistance,  and  has  a  great 
current  discharge  capacity.  The  dynamic 
60-cycle  current  followed  the  impulse  across 
the  gaps  for  one-half  cycle,  and  was  then 
shunted   to  the  low  parallel   resistance  rod. 
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Thus  during  the  second  half  wave,  the  currenl 
passed  over  only  the  and  the  low 

resistance  rod,  and  was  so  limited  that  it  was 
extinguished  by  the  series  gaps  a1  the  end  of 
the  second  half  cycle.  The  2300-voll  supply 
used  was  a  regular  city  distribution  circuit 
and  attention   is   pai  I  i  died    to   the 

effect  that  the  arrester  lias  on  the  voltage  of 
this  circuit.  This  shows  thai  there  is  a 
momentary  short  circuit  on  a  system  for 
one-half  cycle  every  time  such  an  arrester 
discharges  a  heavy  impulse,  and  a  consequent 
dropping  of  the  voltage  to  zero.  During  the 
second  half  cycle  of  the  discharge,  t  he  voltage 
has  again  largely  recovered,  due  to  the  shunt 
resistance  limiting  the  current,  hut  still  shows 
some  effect-  It  is  normal  again  in  the  next 
half  wave. 


Fig.  3.      A  2300-volt  Mult'-gap  Arrester  During  Impulse 

Discharge.     Special  type    to   show  action   of 

shunt  resistances 

This  phenomenon  of  shunting  the  dynamic 
arc  from  the  gaps  to  a  resistance  is  brought 
out  in  an  interesting  manner  by  the  oscillo- 
gram in  Fig.  3.  In  this  combination  of  series 
gaps  and  shunted  gaps,  the  resistance  of  the 


had  a  partii 

-■tiiiv  with  a  I-'.-,   valu  he  first 

a    Intl.-    high  e   next,    etc. 

In  Pig.  :;,  vibrator   I   gives  currenl    thi 

the    arrester,   vibrators    2.   :;.    I    at 


Fig.  4.     Type  GE  Form  F2  Single-pole  Station  Arrester 
for  2300-volt  Circuit 


voltage  across  the  first  four  shunt  gaps 
respectively,  and  vibrator  G  gives  line  voltage 
across  the  arrester.  It  will  be  noticed  that 
after  the  impulse  passed  the  dynamic  went 
through  all  the  gaps  directly  and  caused 
a  momentary  short  circuit  on  the  line  as 
indicated  by  the  line  voltage.  During  the 
second  half  cycle,  the  first  three  low  resist- 
ances were  shunted  in  as  shown  by  the  high 
voltage  across  these  gaps  by  vibrators  2,  3  and 
4  in  the  oscillogram — if  the  dynamic  current 
goes  through  the  gap  only,  the  voltage  drop 
is  very  low,  and  gives  no  indication  on  the 
oscillogram.  These  three  low  resistances 
lowered  the  dynamic  current  about  one-half, 
but  not  sufficiently  to  have  it  extinguished 
at  the  end  of  the  half  cycle.  During  the 
third  half  cycle,  however,  the  highest  resist- 
ances were  cut  in,  as  shown  in  the  oscillogram 
by  vibrator  5  across  one  of  them,  and  the 
current  was  greatly  reduced  and  extinguished 
at  the  end  of  this  half  cycle. 

A  less  efficient  arrester  than  these  multigap 
types  with  shunted  gaps  would  cause  this 
heavy    dynamic    current    to    flow    for   more 
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than  one-half  cycle;  for  instance,  one  of  the 
plain  horn  gap  types  would  cause  a  circuit 
disturbance  for  many  cyi  le  oi  possibly  for 
many  seconds  and  thus  cause  synchronous 
apparatus  to  go  out  of  step.  A  horn  arrester, 
even  with  the  necessary  series  resistance  to 


arrester  of  this  type  is  shown  in  Fig.  6.  The 
contrast  between  the  action  of  a  gap  or  horn 
type  arrester  and  an  OF  arrester  is  striking. 
Here  the  impulse  can  be  seen  occurring  at 
the  peak  of  the  2300-volt  wave  and  dis- 
charging through  the  arrester.  But  there  is  no 
dynamic  current  following  the  discharge  and 
there    is    absolutely   no    disturbance    to    the 
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Fig.  5.      Action  of  a  2300-volt  "OF"  Arrester  During 
Impulse  Discharge 

prevent  failure,  must  depend  upon  extin- 
guishing the  dynamic  arc  by  lengthening  it  as 
it  travels  up  the  horns,  and  this  is  a  com- 
paratively slow  process.  A  multigap  arrester, 
however,  by  the  shunting  phenomenon,  de- 
creases the  dynamic  current  to  a  value  where 
the  series  gaps  can  extinguish  it,  in  one,  two, 
or  sometimes  three  half  cycles.  All  discharges 
are  not  heavy  enough  to  necessitate  the  low 
resistance  path  through  all  the  gaps,  and 
hence,  light  discharges  will  pass  through  the 
series  gaps  and  low  resistance  to  ground.  In 
such  cases,  a  momentary  short  circuit  is  not 
caused,  for  the  dynamic  current  is  limited  by 
the  resistance  and  extinguished  at  the  end  of 
the  first  or  second  half  cvcle. 

Fig.  5  shows  a  2300-volt,  S-cell,  OF  arrester 
under  the  same  conditions.      A   three-phase 


Fig.  6.      Type  "OF"  Form  "BO"  Oxide  Film  Lightning  Arrester 
for  Outdoor  Service  on  Three-phase  Circuits,  1000  3000-volts 


2300-volt  circuit.  That  is,  the  punctured 
films  are  sealed  up  so  quickly  after  the 
impulse  passes,  by  the  reduction  of  the  lead 
peroxide  {PbOi)  "filler  to  litharge  (PbO)  or 
red  lead  (P63O4),  that  no  visible  disturbance 
is  noted. 
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Factory  Illumination  and  Production 


By  G.  II.  Stickney 

Edison  Lamp  Works 


and 


II.  E.  Maiian 


Illuminating  Engineering  Laboratory 
General  Electric  Comiwss 


The  subject  dealt  with  in  this  article  is  of  great  importance  always,  but  of  more  particular  importance 
during  this  period  of  reconstruction,  when  it  is  necessary  to  get  the" maximum  production  from  machines 
already  installed.  lhere  must  be  numerous  factories  throughout  the  country  that  could  increase  production 
to  a  marked  extent  by  better  illumination.  However  well  the  factory  may  have  been  lighted  according 
practice  in  vogue  four  or  five  years  ago,  there  is  likely  to  be  a  possibility  of  securing  profitable  increase  of 
production  by  adopting  the  latest  methods  and  more  recent  reflector  equipment.  An  actual  operating  test  is 
of  course,  the  surest  way  of  determining  if  such  economy  can  be  effected.  This  is  illustrated  by  the  present 
instance,  where  the  former  lighting  was  considerably  better  than  is  even  now  usual  for  such  processes.— Editor 


Progressive  manufacturers  have  been  con- 
vinced that  increased  production  and  better 
workmanship  justify  raising  the  standards  of 
artificial  lighting  in  their  factories  far  above 
the  levels  of  ordinary  practice. 

At  first  thought  it  would  seem  to  be  a  very 
simple  matter  to  measure  the  increase  in 
production  due  to  such  higher  standards. 
Nevertheless,  for  well  understood  reasons, 
it  has  been  found  exceedingly  difficult  to 
secure  reliable  data  of  this  sort. 

Taking  advantage  of  a  special  condition, 
tests  were  run  in  Chicago  which  have  provided 
the  most  notable  data  of  this  sort  yet  avail- 
able. These  tests  were  described  by  Mr.  W.  A. 
Durgin  of  the  Commonwealth  Edison  Com- 
pany, in  the  Transactions  of  the  Illuminating 
Engineering  Society,  Volume  13  (1918),  page 
417,  also  in  the  Electrical  Review,  March  22, 
1919. 

Some  of  the  engineers  of  the  General  Elec- 
tric Company  have  been  desirous  of  securing 
such  data  in  connection  with  the  lighting  of 
the  Company's  shops  both  for  the  information 
of  the  manufacturing  organization  and  of  the 
Company's  customers. 

On  investigation,  it  was  found  particularly 
difficult  to  locate  workrooms  suitable  for  the 
purpose.  The  Company's  shops  were  already 
well  illuminated  both  by  daylight  and  by 
artificial  light ;  and  further,  the  nature  of  most 
processes  was  such  as  to  prevent  an  accurate 
segregation  of  artificially  lighted  production 
from  that  under  daylight.  However,  a  test 
was  run  on  a  small  scale  at  the  Schenectady 
Works  during  the  past  year  under  the  super- 
vision of  the  Company's  Illuminating  Engi- 
neers and  Cost  Accountants.  The  results  of 
this  test  are  herewith  presented  as  an  indi- 
cation of  what  may  be  expected  under  more 
or  less  similar  conditions. 

The  section  in  which  the  tests  were  made  is 
devoted  to  semi-automatic  buffing.  These 
machines  consist  of  a  revolving  turret  upon 


which  spindles  are  provided  for  supporting 
punchings  which  are  moved  past  buffing 
wheels.  The  operator  controls  the  pressi 
these  buffing  wheels  against  the  punchings  by 
observing  the  degree  of  polish  on  the  stamp- 
ings as  they  move  by  an  opening  in  f  r>  > 
him.  The  material  handled  is  a  uniform 
product  and  the  operations  are  completely 
standardized  so  that  the  fundamental  essen- 
tials for  a  test  of  this  nature  are  fulfilled.  The 
data  refer  exclusively  to  night  operations 
under  artificial  light  and  with  the  same 
operators.     It  is,  therefore,  obvious  that  the 


OQCD 


) 


•  Photometric  /?eod/r?g<5tat/ons 
£  Outlets 

Fig.  1.     Diagram  Showing  Arrangement  of  Machinery,  Position 
of  Outlets  and  Location  of  Photometric  Reading  Stations 

variables  likely  to  vitiate  the  results  have  been 
reduced  to  a  minimum  and  that  the  results 
may  be  accepted  as  reasonably  conclusive. 

The  arrangement  of  machinery  and  the 
position  of  the  outlets  are  indicated  in  Fig.  1, 
and  during  the  period  of  ordinary  intensity 
lighting  these  outlets  were  equipped  with 
300-watt  clear  Mazda  lamps  and  bowl  type 
porcelain  enamel  steel  reflectors.  During 
the  period  of  the  high  intensity  lighting  these 
same  outlets  were  equipped  with  500-watt 
bowl  enameled  lamps  and  the  RLM  standard 
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or.    The  lighting  units  ended 

the    floor. 

The  power  requirements  were  increased  from 

1.2  watts  per  square  foot  of  floor  area  to 

J  ill  watts  which  resulted  in  the  illumina 

increased  from  3.8  foot-candles  to 
1 1.4  foot-candles.  Careful  records  of  produc- 
tion were  made  E<  d  of  five  months, 
during  three  months  of  which  the  ordinary 
intensity  lighting  was  in  operation,  and 
during  the  remaining  two  months  the  high 
intensity  lighting.  The  records  of  production 
for  the  two  months'  period,  during  which 
operations  were  carried  on  under  the  high 
intensity  lighting,  showed  an  average  increase 
of  8.5  per  cent  over  tl  production 
during  the  preceding  three  months'  period  of 
rate  intensity  lighting. 
A  complete  analysis  of  this  question  must, 
of  course,  include  consideration  of  its  economic 
features  in  order  to  decide  whether  or  not  the 
procedure  as  a  whole  is  advantageous.  The 
following  computations  have  been  made  to 
show  the  relatively  small  cost  the  lighting 
bears  to  the  labor  cost  and  to  the  value  of  the 
increased  production.  These  figures  establish 
an  incontrovertible  argument  in  favor  of 
liberal  illumination  provisions. 

Moderate  High 

Intensity       Intensity 
Per  Cent       Per  Cent 

Cost  of  lighting*  in  per  cent  cost 

of  labor 0.86  1.86 

Cost    of    lighting    in    per    cent 

factory  cost  of  products 0.033  0.066 

Average  increase  in  production 

attributed   to    high   intensitv 

lighting ".  8.5 

Increase  in  cost  of   lighting  to 

increased  value  of  production.  0.4 

*  Cost  of  lighting  includes  cost  of  power  at  $0,015  per  kw-hr.. 
cost  of  lamps.  15  per  cent  depreciation  on  reflector  equipment 
andJ5_per  cent  on  investment. 


There  is  a  great  deal  of  investigating  to  be 
the  lines  suggested,  in  this  article. 
Avalu:  '  has  been  secured 

on  a  small  scale  in  a  process  which  would  not 
ordinarily  be  considered  as  likely  to  be  1 
benefit  d    productive   lighting. 

Nevertheless,  there  is  no  indication  thai 
this     I  lard     represents     the     most 

profitable  level  for  this  operation. 

Furthermore,  other  processes  will  have 
different  economical  levels,  d  m  such 

variables  as  the  demand  on  due  of 

product,  need  of  increased  production,  cost 
of  labor,  cost  of  material,  cost  of  overhead, 
importance  of  accuracy.  Needless  to  say.  it 
is  not  practical  to  segregate  all  these  variables, 
but  as  we  accumulate  more  and  more  such 
figures  representing  various  typical  processes, 
they  will  serve  as  a  guide  to  better  prae* 

With  the  foot-candle  meter  now  available 
the  intensity  levels  and  variations  can  be 
more  readily  analyzed  and  interpreted  with 
regard  to  the  effect  of  illumination  on  produc- 
tion. 

It  must  also  be  recognized  that  a  large 
majority  of  processes  are  so  operated  that 
it  is  not  practicable  to  measure  the  increase  in 
production  due  to  more  and  better  lighting. 
The  lack  of  such  measurement ,  however,  does 
not  indicate  the  absence  of  profitable  gains. 
In  fact,  it  is  probable  that  the  percentage  of 
increased  work  per  hour  will  be  greatest  in  the 
less  automatic  and  less  organized  processes. 

In  conclusion,  the  writers  desire  to  empha- 
size the  importance  of  these  questions  which 
warrant  investigation  by  any  factory  manage- 
ment. In  interpreting  such  results,  the  value 
of  the  unmeasurable  features,  such  as 
improved  morale  and  better  workmanship, 
should  not  be  overlooked. 
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The  Mechanism  of  the  Surface  Phenomena  of 

Flotation 

By  Irving  Langmuir 
Research  Laboratory,  General  Electric  Company 

To  assist  in  propounding  a  satisfactory  theory  for  the  notation  processes  of  ore  separation  Dr    Langmuir 

advances  a  theory  of  adsorption  and  surface  tension  and  describes  some  simple  exp  i1   have  been 

conducted  to  show  the  applicability  of  the  theory.     Considerabli         i              if  the  phenomi  orption 

was  acquired  from  research  work  in  high  vacua  and  this  knowled                      the  foundation  of  the  hypothesis 

respecting  the  formation  and  action  of  thin  oil  films  on  the  particli  o)  ore  in  thi  flotation  process.  The 
demand  for  copies  of  this  paper,  which  was  originally  read  befoj  I  Societ;  in  1919  r<  ponsible 
for  its  publication  in  the  General  Electric  Review  at  this  time.     Editor. 


Notwithstanding  the  importance  which  the 
flotation  process  has  assumed  in  the  se] 
tion  of  ores,  there  has  been  comparatively 
little  progress  in  the  developmenl  of  the 
underlying  theory.  It  is  recognized  that  the 
process  depends  on  the  formation  of  thin  oil 
films  on  the  particles  of  ore  and  that  owing  to 
the  difficulty  with  which  these  particles  are 
then  wet  by  water  they  become  readily 
attached  to  the  air  bubbles  and  are  thus 
carried  to  the  surface.  As  far  as  I  know, 
however,  no  really  satisfactory  theory  of  these 
phenomena  has  been  proposed.  The  remark- 
ably selective  action  of  some  oils  on  certain 
ores  and  the  effects  produced  by  small 
amounts  of  acids  and  other  substances  arc 
very  imperfectly  understood. 

The  object  of  this  paper  is  not  to  offer  a  new 
theory  of  flotation,  but  rather  to  call  attention 
to  a  theory  of  adsorption  and  surface  tension 
which  greatly  aids  in  understanding  these 
phenomena  and  which  therefore  should  prove 
useful  in  developing  any  comprehensive 
theory  of  flotation.  Some  simple  experi- 
ments will  be  described  showing  that  the 
new  viewpoint  is  applicable  to  flotation 
processes. 

The  surface  phenomena  of  flotation  may  be 
divided  roughly  into  three  classes :  the  forma- 
tion and  properties  of  the  froth ;  the  oiling  of  the 
solid  particles;  and  the  adhesion  of  the  oiled 
particles  to  the  bubbles  of  the  froth.  The 
formation  of  the  froth  depends  on  the  exist- 
ence of  a  film  of  oil  or  other  substance  at  the 
boundary  between  the  air  and  water  phases. 
The  oiling  of  the  solid  particles  involves  the 
formation  of  a  similar  film  at  the  surface  of 
the  solid.  The  adhesion  of  the  particles  to  the 
bubbles  depends  primarily  on  the  ease  with 
which  oily  water  wets  the  oily  solid  and  this 
in  turn  is  measured  by  the  angle  of  contact 
between  these  oiled  liquid  and  solid  surfaces. 
The  formation  of  the  oil  films  on  the  surfaces 
of  the  water  and  the  solid  particles  is  a  typical 
case  of  adsorption  so  that  an  understanding 


of  the  fundamental  phenomena  of  flotation 

requires  a  knov*  Ledge  of  the  natur< 

tion 

For  several  years  I  ha1  e  b&  ed  in  a 

study  of  high  vacuum  phenomena 
the  effects  produced  when  various  metals  are 
heated  in  {     •  ry  low  pressures.     In 

some    cases    the    rate    of    di  *  ■    (or 

clean-up)  of  the  gas  was  measured,  while  on 
others  the  electron  emission  from  the  heated 
metal  was  observed.  In  the  course  of  this 
work  it  was  frequently  found  that  adsorbed 
films  of  extraordinary  stability  were  formed 
on  the  surface  of  the  metal.  Tin-  evidence 
from  a  large  number  of  such  experiments 
indicated  clearly  that  these  stable  films  con- 
sisted of  a  single  layer  of  atoms  chemically 
combined  to  the  underlying  atoms  of  the  solid. 
The  adsorbed  atoms  were  chemically  sat- 
urated but  the  atoms  in  the  surface  of  the 
metal  were  not  saturated  by  their  combina- 
tion with  the  adsorbed  atoms  and  therefore 
remained  firmly  held  by  the  next  underlying 
layer  of  metal  atoms.  This  viewpoint  was 
based  to  a  large  extent  on  the  work  of  the 
Braggs  on  crystal  structure. 

The  atoms  in  the  very  stable  films  referred 
to  are  clearly  held  to  the  surface  by  direct 
chemical  union  of  the  primary  valence  type, 
like  that  holding  oxygen  to  carbon  in  carbon 
dioxide.  Further  investigation  showed  that 
in  some  other  cases  of  adsorption  such  as  that 
of  nitrogen  or  argon  by  charcoal,  etc.,  the 
forces  involved,  although  no  less  chemical 
than  the  others,  were  of  the  type  represented 
by  secondary  valence  such  as  that  holding 
water  of  crystallization,  or  ammonia  in  com- 
plex ammonia  derivatives. 

A  further  extension  of  this  theory  led  to 
the  view  that  no  fundamental  distinctions 
should  be  drawn  between  the  so-called 
physical  phenomena  and  those  recognized  as 
chemical.  Thus  condensation  of  vapor 
crystallization,  surface  tension,  adsorption, 
etc.,  are  manifestations  (if  forces  of  the  same 
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kind  such  as  those  involved  in  the  formation 
of  chemical  compounds.* 

From  this  viewpoint,  the  forces  involved 

in  the  adsorption  of  organic  substances  with 
large  molecules  do  not  originate  from  the 
molecule  as  a  whole,  but  rather  from  certain 
atoms  in  the  molecule.  The  theory  indicates 
that  adsorbed  films  in  general  should  be  one 
molecule  in  thickness.  Lord  Rayleigh  in  1899 
(Phil.  Mag.  fS.  331,  1S99)  observed  that  a 
film  of  olive  oil  just  thick  enough  to  lower 
appreciably  the  surface  tension  of  water  had 
a  thickness  of  1.0X10"7  cm.  He  stated: 
"  Now  this  is  only  a  moderate  multiple  of  the 
supposed  diameter  of  a  gaseous  molecule,  ami 
perhaps  scarcely  exceeds  at  all  the  diameter  to 
be  attributed  to  a  molecule  of  oil.  It  is  obvi- 
ous, therefore,  that  the  present  phenomena  lie 
entirely  outside  the  scope  of  a  theory  such  as 
Laplace's,  in  which  matter  is  regarded  as  con- 
tinuous, and  that  an  explanation  requires  a 
direct  consideration  of  molecules. 

"If  we  begin  by  supposing  the  number  of 
molecules  of  oil  upon  a  water  surface  to  be 
small  enough,  not  only  will  every  molecule  be 
able  to  approach  the  water  as  closely  as  it 
desires,  but  any  repulsion  between  molecules 
will  have  exhausted  itself.  Under  these  con- 
ditions there  is  nothing  to  oppose  the  con- 
traction of  the  surface — -the  tension  is  the 
same  as  that  of  pure  water." 

If  the  molecules  "behave  like  smooth  rigid 
spheres  of  gaseous  theory,  no  forces  will  be 
called  into  play  until  they  are  closely  packed. 
According  to  this  view  the  tension  would 
remain  constant  up  to  the  point  where  a 
double  layer  commences  to  form.  The  actual 
course  of  the  curve  of  tension  deviates  some- 
what widely  from  the  above  description,  but 
perhaps  not  more  than  could  be  explained  by 
heterogeneity  of  the  oil  whereby  some  mole- 
cules would  mount  more  easily  than  others,  or 
by  reference  to  the  molecular  motions  which 
cannot  be  entirely  ignored.  If  we  accept  this 
view  as  substantially  true  we  conclude  that 
the  first  drop  in  tension  corresponds  to  a 
complete  layer  one  molecule  "thick,  and  that 

*  The  evidence  for  these  conclusions  is  given  in  the  following 

papers  by  the  writer:   Chemical   Reactions  at  Low  Pressures. 

J  ur.  Amer.  Chrm.  Son..  ST.  1139  (1915);  The  Constitution  and 

Fundamental  Properties  of  Solids.  Jour.  Amtr.  Chem.  Soc.,  3S. 

916):  and  the  Adsorption  of  Gases  on  Plane  Surfaces  of 

Mica,  and  Platinum.  Jour.  Amer.  Chem.  Soc.  40.  1361 

A  review  of  this  work  is  given  by  Wm.  C.  McC.  Lewis 

in  his  recent  System  of  Physical  Chemistry,  Longmans,  Green 

&  Co..  191S.  Vol.  1.  pages  461-474. 

t  The  experimental  and  theoretical  work  underlying  the  above 
statements  has  been  published  in  the  following  papers  by  the 
writer:  Surface  Tension  Phenomena.  Met.  Chem.  Eng..  16.  46S 
i  1916);  The  Shapes  of  Group  Molecules  Forming  the  Surfaces  of 
Liquids.  Proc.  .Vol  Acad.  Sciences.  S.  251  (1917);  The  Constitu- 
tion and  Fundamental  Properties  of  Liquids.  Jour  Amer.  Chem. 
Soc.  S9.  1848  (1917).  A  short  summary  of  some  of  this  work 
has  been  given  by  Wm.  C.  McC.  Lewis.  Physical  Chemistry. 
Vol.  1.  p.  474. 


the  diameter  of  the  molecule  of  oil  is  about 
1.0X1CT7  cm." 

By  a  similar  method  Devaux  (Ann.  Report 
Smithsonian  Inst.,  Washington,  1913.  261  I 
concludes  that  the  diameter  of  the  molecule 
of  triolein  is  11.3X10-8  cm.  if  the  molecule 
be  assumed  spherical  in  shape. 

According  to  the  present  theory,  however, 
molecules  should  not  be  regarded  as  spheres 
since  such  a  supposition  is  not  consistent 
with  the  chemical  nature  of  the  forces.  The 
spreading  of  an  oil  on  the  surface  of  water  is 
therefore  due  to  an  attraction  between  the 
water  and  some  active  group  in  the  oil  mole- 
cule. If  the  molecule  as  a  whole  had  an 
affinity  for  water  it  would  render  it  soluble 
in  water.  It  is  known  that  the  presence  of 
—  COOH,  =  CO  or  —  OH  groups  in  an  organic 
molecule  increases  the  solubility  in  water 
while  the  hydrocarbon  chain  decreases  it. 
On  the  other  hand,  hydrocarbons  are  soluble 
in  each  other.  When  an  oil  containing  the 
carboxyl  group  is  placed  on  water  these  active 
groups  combine  with  the  water,  while  the 
hydrocarbon  chains  remain  combined  with 
each  other  by  secondary  valence  forces.  On 
an  unlimited  surface  the  oil  thus  spreads  until 
all  the  —COOH  groups  have  come  into  con- 
tact with  the  water,  forming  a  monomolecular 
film.  A  pure  paraffin  oil,  since  it  contains  no 
active  groups,  does  not  spread  on  water. 

By  measuring  the  greatest  area  of  water 
that  can  be  completely  covered  by  a  small 
weighed  amount  of  oil  it  is  possible  to  deter- 
mine the  cross  sections  and  lengths  of  the 
molecules.  The  thickness  of  the  oil  film  gives 
the  length  of  the  molecule  measured  vertically 
while  the  area  covered  by  each  molecule  gives 
its  cross  section.  Results  obtained  this  way 
show  that  the  molecules  in  oil  films  are  not 
even  approximately  spherical.  This  is  shown 
by  the  data  of  Table  I. 

Thus  the  molecules  of  the  fatty  acids  from 
palmitic  to  cerotic  are  all  of  the  same  cross 
section,  but  their  length  increases  in  propor- 
tion to  the  length  of  the  hydrocarbon  chain. 
Tristearine  has  a  cross  section  three  times  that 
of  stearic  acid,  but  the  length  of  the  molecule 
is  the  same.  The  areas  covered  by  the  oils 
or  fats  are  thus  proportional  to  the  number  of 
active  groups  present.  The  molecule  of  cetyl 
palmitate  is  nearly  ten  times  as  long  as  it  is 
wide  (v  a.)  while  the  molecule  of  triricinolein 
(castor  oil)  has  a  length  only  about  one  third 
of  its  width.  The  results  show  that  these 
differences  of  shape  are  strictly  in  accordance 
with  the  theory  of  the  chemical  nature  of  the 
phenomena,  t 
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The  same  theory  has  been  applied  bo  sur- 
face tension  phenomena  in  general.     A 
ing  to  this  theory  the  molecules  of  organic 
liquids  arrange  themselves  in  the  surf  ace 

in  such  a  way  that  their  active  portions  are 
drawn  inwards,  leaving  the  least  active  por 
tion  of  the  molecule  to  form  the  sui 
Surface  tension  is  a  measure  of  the  potential 
energy  of  the  stray  field  extending  out.  from 
the  surface  layer  of  atoms.  The  molecules 
in  the  surface  layer  arrange  themselves  so 
that  this  potential  energy  is  a  minimum.  The 
surface  energy  of  a  liquid  is  thus  not  a 
property  of  the  molecule  as  a  whole,  but 
depends  only  on  the  least  active  portions  of  the 
molecules  and  on  the  manner  in  which  these 
are  able  to  arrange  themselves  in  the  surface 
laver. 


that  of  the  hydrocarbons.    This  i 
to  the  fact  thai  the  large  •  olumi 

leases 

the  sm  1. 1.  <  .mi'  Mn  theorj  was  tested 
by  the  writer  for  a  large  number  of  organic 
substances  for  which  data  were  available. 
Particularly  strong  support  for  the  theory 
was  found  in  the  case  o  derivatives. 

A  few  months  after  the  publication  of  the 
writer's  preliminary  results,  W.  I).  Harkins, 
who  had  independently  arrived  at  somewhat 
similar  views,  published  two  papers'  dealing 
in  great  detail  with  the  surface  tension  at  the 
interface  of  two  liquids  and  with  surface 
tensions  of  pure  liquids.  The  data  prove 
conclusively  the  general  validity  of  the  theory 
given,  which  is  practically  identical  with  that 
previously  advanced  by  the  writer. 


TABLE  I 
CROSS  SECTION   a,  AND   LENGTH   I   OF   MOLECULES 


Palmitic  acid  Clf,H„COOH  . 
Stearic  acid  CnH3iCOOH.  .  . 
Arachidic  acid  C^H„COOH. 
Cerotic  acid  CuHhCOOH. 


22XI0-" 

22 

22 

22 


Cetyl  alcohol  CKHa0H 21 

Tristearine  (CuffasCW.Csffs 69 

Cetyl  palmitate  CuHhCOOCuH,* 21 

Oleic  acid  C„H33COOH 48 

Erucic  acid  dHnCOOH 44 

Triolein  (CliHn01)iCiHi 145 

Linoleic  acid  C,iH3lCOOH 47 

Linolenic  acid  CnH,,COOH 70 

Ricinoleic  acid  C„HK(OH)COOH 100 

Castor  oil  [CuH3,(OH)COO]3C3Hb 290 


7X10  « 

7 

7 

7 

6 

3 


21.4X10-' 

23.8 

25.9 

33.0 

21.9 

23.7 

44.0 

10.8 

14.2 

11.2 

10.7 

7.1 

5.2 

5.5 


In  liquid  hydrocarbons  of  the  paraffin  series 
the  methyl  groups  at  the  ends  of  the  hydro- 
carbon chains  form  the  surface  layer.  The 
surface  is  thus  the  same  no  matter  how  long 
the  chain  may  be.  As  a  matter  of  fact,  the 
surface  energy*  of  all  the  hydrocarbons  from 
hexane  to  molten  paraffin  is  substantially 
constant,  namely  46  to  50  ergs  per  sq.  cm., 
although  the  molecular  weights  differ  very 
greatly. 

If  now  we  consider  the  alcohols  CH30H, 
CiHbOH,  etc.,  we  find  that  their  surface 
energies  are  practically  identical  with  those 
of  the  hydrocarbons.  The  reason  is  that  the 
surface  laver  in  both  cases  consists  of  CH3 
groups.  With  such  substances  as  CH3NO2, 
CH3I  the  surface  energy  is  much  greater  than 

*  The  total  surface  energy  80  is  related  to  the  surface  tension  8 
by  the  equation  Bo  =  8-T  (d»/dT)  where  T  is  the  absolute  tera- 

TwD.  Harkins.  Jour.  Amcr.  Chem.  Soc.  89,354,  541  (1917). 


In  his  first  paper  Harkins  gives  the  values 
of  the  change  of  free  surface  energy  when  one 
sq.  cm.  of  interface  is  formed  between  two 
liquids.  A  few  of  these  data  are  shown  in 
Table  II  in  the  column  headed  (-A8).  In 
every  case  one  of  the  two  liquids  forming  the 
interface  is  water. 

In  the  column  headed  8  is  the  free  surface 
energy  of  the  non-aqueous  liquid  against  air, 
while  the  last  column,  80,  gives  the  total 
surface  energy  8- T  (dH/dT).  It  is  readily 
seen  both  from  these  data  and  from  theoretical 
considerations  that  —  A8  is  a  measure  of  the 
activity  of  the  most  active  portion  of  the  mole- 
cule, while  80  is  a  measure  of  the  activity  of 
the  least  active  part  of  the  molecule.  Thus  in 
the  surface  of  a  substance  like  octyl  alcohol 
the  hydroxyl  groups  are  drawn  in  towards  the 
interior  of  the  liquid  and  thus  contribute  little 
towards   the  surface  energy   80.     But 
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octyl  alcohol  is  placed  in  contact  with 

heinterfaa 
so  that  the  hydroxyl  i  •  in  contact 

with  the  water.     The  free  surface  energy  8 
is  only  very  approximately  a  measure  o 

tli   of  the  least    a  inn  of  the 

molecule.     The  si   i 

itation  and  in- 
fluences the  value  of  8,  whereas  8,i  is  usually 
indepe  emperaturea  Isonly 

slightly  on  the  size  of  the  molecule. 

It  is  apparent  that  considerations  of  this 
kind  must  be  of  fundamental  importance  in 
ction  with  the  theory. of  the  flotation 
process.  Before  much  progress  in  this  direc- 
tion can  be  made,  however,  it  is  necessary  to 
develop  experimental  methods  for  the  investi- 
gation of  oil  films  on  solid  In 'dies.     With  this 


When  a  drop  of  clean  water  is  placed  on  a 
slide  cleaned  in  this  way  the  water  wets  the 
glass  readily,  and  when  the  slide  is  inclined 
the  surplus  water  runs  to  one  end.  leav- 
ing a  thin  film  of  water  over  the  whole 
surface  of  the  glass.  Another  indication  of 
the  cleanliness  of  the  surface  is  obtain 
dipping  the  slide  into  a  clean  surf;: 
on  to  which  a  small  amount  of  talc  powder 
has  been  dusted.  The  talc  particles  are  not 
repelled  fn  >m  the  glass  surface  if  it  is  clean,  but 
very  small  amounts  of  grease  can  be  det 
by  the  motion  of  the  talc  particles  produced 
by  the  spreading  of  an  oil  film  on  the  surface 
of  the  water.  This  test  for  the  cleanliness  of 
a  surface  will  be  referred  to  as  the  talc  test. 

Another    characteristic    of    a    thoroughly 
cleaned   glass   surface   is    the    extraordinary 


TABLE  II 
CHANGE   OF   FREE   ENERGY   IN   FORMATION   OF   AN   INTERFACE   WITH   WATER 


Temp. 


Water  (against  water).  .  .  . 

Hexane  C(Hu 

Octane  CsHls 

Paraffin  oil 

Octvlane  Cs.Hu 

Octyl  alcohol  dHl7OH.  .  .  . 

Ethvl  ether  (C2Hi),0 

Capryllic  acid  QHuCOOH 

Oleic  acid 

Ricinoleic  acid.  

Ethyl  nonylate 

Castor  oil 

Benzine 

Benzyl  alcohol 


20  deg 
25  deg 
20  deg 
17  deg 

17  deg 
20  deg 
20  deg 

18  deg 
20  deg 

16  deg 
20  deg 

17  deg 
20  deg 
22  deg 


145.6 
41.2 
46.0 
47, S 
72.9 
91.8 
79.2 
93.7 
89.0 
94.9 
77.il 
87.7 
66.2 

107.4 


72.8 
18.7 
21.8 
31.8 
22.3 
27^5 
17.1 
28.8 
32.3 
35.8 
28.0 
37.1 
29.0 
39.7 


110.0 
49.5 
48.4 
54.2 

50.'8 

48.4 


70 
39.7 


end  in  view  I  have  undertaken  some  simple 
experiments  along  these  lines. 

EXPERIMENTAL   PART 

A  study  was  first  made  of  the  properties 
of  cleaned  and  oiled  glass  surfaces.  It  was 
especially  desired  to  find  how  much  oil  must 
be  present  on  a  glass  surface  to  materially  alter 
its  properties. 

Microscope  slides  were  washed  with  soap 
and  water,  were  heated  in  a  mixture  of  con- 
centrated sulphuric  acid  and  chromic  i 
and  were  finally  washed  in  running  tap  water 
and  dried  over  a  Bunsen  burner  flame.  Dur- 
ing this  whole  treatment  they  were  held  in  a 
pair  of  forceps.  This  method  of  cleaning 
proved  to  be  much  more  thorough  than  any 
other  method  tried. 

•  PhiT  Mag.,  So,  157  (1918). 


friction  observed  when  the  glass  is  rubbed 
with  another  clean  piece  of  glass  or  platinum. 
Lord  Rayleigh*  has  recently  called  attention 
to  this  fact  and  pointed  out  its  significance  in 
connection  with  the  theory  of  lubrication. 
It  is  also  interesting  to  note  that  Faraday  in 
his  Experimental  Researches  (paragraph  369) 
mentions  the  "peculiar  friction"  observed 
when  a  platinum  rod  was  rubbed  over  a  sur- 
face of  a  platinum  plate  which  had  been 
thoroughly  cleaned  by  making  it  cathode  in 
electrolysis  or  by  heating  it  in  concentrated 
sulphuric  acid. 

In  order  to  study  this  effect  quantitatively 
some  small  glass  sliders  ranging  from  I 
1.0  gram  in  weight  were  made  by  bending 
glass  rods  in  the  form  of  a  horseshoe  and  well 
rounding  the  ends.  The  two  arms  of  the 
horseshoe  were  then  arched  in  a  plane  per- 
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pendicular  to  the  original  plane  of  the  horse- 
shoe so  that  when  the  slider  was  laid  on  a  flat 
surface  it  touched  in  three  definite  points.  If 
one  of  these  sliders  was  placed  on  a  clean  slide 
it  was  found  that  the  slide  could  be  tilted 
usually  to  an  angle  of  70  deg.  from  the  hori- 
zontal, often  75  deg.,  and  in  some  cases  90 
deg.  or  even  92  deg.  before  it  would  begin  to 
slide.  Of  course,  before  beginning  this  test 
it  is  essential  to  clean  the  slider  by  the  method 
already  given.  If  the  slider  was  forced  over 
the  surface  of  the  slide  a  squeaking  noise  was 
always  heard  if  the  glass  was  clean  and  the 
surface  of  the  glass  was  scratched  perceptibly 
in  the  process.  It  was  found  that  much  more 
consistent  results  were  obtained  if  when  the 
glass  was  tilted  the  slider  was  pushed  over  the 
surface  by  means  of  a  pair  of  forceps.  The 
angle  was  measured  at  which  the  slider  would 
just  stop  moving  after  being  set  in  motion  by 
the  forceps.  The  sliding  angle  thus  found 
varied  between  50  deg.  and  60  deg.  for  dif- 
ferent samples  of  glass  cleaned  by  the  method 
described.  On  standing  in  the  air  for  a  short 
time  the  surface  becomes  slightly  contam- 
inated, so  that  the  sliding  angle  decreases. 
Thus  after  three  minutes  the  angle  is  45  deg., 
after  20  minutes  40  deg.,  after  two  hours  22 
deg.  This  contamination  is  also  shown  by 
the  talc  test.  The  actual  size  of  the  slider 
used  seemed  to  be  without  effect  on  the 
results. 

If  a  small  amount  of  oleic  acid  or  other  oily 
substance  is  placed  upon  a  clean  glass  slide 
and  this  is  then  thoroughly  wiped  with  a 
clean  cloth,  it  is  found  that  the  sliding  angle 
decreases  to  a  value  ranging  from  about  6  deg. 
to  10  deg.  The  talc  test  can  be  tried  re- 
peatedly with  such  a  surface  and  each  time 
the  slide  is  moved  up  or  down  in  the  water  a 
fresh  contaminated  area  is  produced.  By 
holding  an  oiled  slide  under  running  water  in 
such  a  way  that  the  water  continually  ad- 
vances and  recedes  from  the  oily  surface  the 
surplus  oil  may  ultimately  be  removed  so 
that  no  contamination  is  indicated  by  this 
talc  test.  The  sliding  angle,  however,  remains 
small.  The  friction  test  is  thus  much  more 
sensitive  than  the  talc  test. 

If  pure  paraffin  oil  is  placed  on  a  clean  slide 
the  oil  readily  wets  the  glass  very  much  as 
water  does,  whereas  oleic  acid  draws  together 
on  the  glass  in  globules.  The  paraffin  oil 
lowers  the  sliding  angle  nearly  as  effectively 
as  oleic  acid,  but  the  behavior  of  such  a  sur- 
face towards  water  is  radically  different. 
Thus  if  a  clean  slide  covered  with  paraffin  oil 
be  held  under  a  very  gentle  stream  of  water 


the  paraffin  detaches  it  the  glass  in 

'Imps  and  the  glass  becomes  we1  by  the 
water,  [f  the  slide  is  thru  dried  al  low  tem- 
peral  ure  it  is  found  thai  th  ngle  is 

40  deg.  or  more,  showing  that  all  paraffin  oil 
has  been  removed  from  the  glass. 

In  order  to  pu1  a  monomolecular  film  of  oil 
on  .i  glass  surface  the  following  method  was 
adopted:  The  surface  of  water  in  a  long 
narrow  tray  was  cleaned  by  scraping  with  a 
strip  of  paper  extending  across  the  tray.  A 
very  small  quantity  of  oleic  acid  was  placed 
on  the  water  at  one  end  of  the  tray  and  the 
spreading  of  the  film  was  made  visible  by 
traces  of  talc  powder.  By  adding  the  oil  in 
very  small  portions  the  surface  was  finally 
saturated  with  oil  without  leaving  any 
globules  of  oleic  acid  except  at  the  end  of  the 
tray  at  which  they  had  been  added.  Previous 
work  had  shown  that  an  oleic  acid  film  formed 
in  this  way  has  a  thickness  of  22X10-8  cm. 
and  consists  of  a  single  layer  of  molecules 
each  occupying  an  area  of  about  24X10-16 
sq.  cm.,  the  spacing  thus  being  the  same  as 
that  of  stearic  acid  and  the  other  saturated 
fatty  acids.  The  cleaned  slide  was  then 
dipped  edgewise  into  the  water  covered  by 
this  film  and  slowly  withdrawn.  As  the  slide 
was  raised  it  remained  at  first  wetted  by  the 
water  and  the  film  of  oil  spread  itself  over  the 
newly  formed  water  surface.  The  motion  of 
small  particles  of  talc  showed  that  the  oil 
film  moved  upward  at  the  same  rate  as  the 
slide  was  raised,  so  that  there  was  no  con- 
centration of  oil  on  to  the  surface  of  the  glass. 
When  a  clean  slide  is  originally  dipped  into 
the  water  the  talc  particles  close  to  the  sur- 
face do  not  move  either  towards  or  away  from 
the  slide.  This  indicates  that  no  oil  goes  on 
to  the  glass  surface  while  this  is  being  lowered 
into  the  water.  This  remarkable  fact  is  con- 
firmed by  removing  the  oil  film  from  the 
surface  of  the  water  by  scraping  and  blowing 
before  withdrawing  the  slide  from  the  water. 
If  the  slide  is  then  dried  at  ordinary  tempera- 
ture it  is  found  both  by  the  talc  test  and  the 
friction  test  that  the  surface  is  still  entirely 
free  from  oil.  If  on  the  other  hand  the  slide 
has  been  raised  from  the  surface  saturated 
with  oil  and  is  held  in  a  vertical  position  the 
water  film  gradually  moves  down  and  the  oil 
film  on  it  comes  into  contact  with  the  glass. 
The  same  result  may  also  be  obtained  by  hold- 
ing the  slide  in  a  horizontal  position  and  allow- 
ing the  water  to  evaporate.  In  this  way  the 
glass  surface  is  covered  with  a  film  oi  oil  ot 
the  same  thickness  as  that  originally  present 
on  the  surface  of  the  water. 
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A  slide  treated  in  this  way  appears  just  as 
clean  as  before,  but  if  dipped  in  clean  water 
it  is  found  that  the  water  no  longer  adhere 
to  it  but  gradually  runs  off,  as  from  a  greasy 
surface.     The  talc  test  gives  a  rather  slight 
indication  of  contamination,  but  if  the  slide 
is  raised  and  lowered  repeatedly  in  pure  v. 
or  is  passed  several  times  through  a  ;. 
stream   of  running  water,    it   soon   loses   its 
ability  to  contaminate  water.     The  friction 
■ives  a  sliding  angle  of  about  6  deg.  to 
10  deg.,  whether  or  not  the  surface  has  been 
d  by  clean  water  before  drying. 

In  other  experiments  the  film  of  oleic  acid 
was  allowed  to  expand  on  the  water  surface 
until  the  surface  tension  was  nearly  that  of 
pure  water.  The  thickness  of  such  a  film 
(see  Table  I)  is  11X10-8  cm.,  and  the 
area  covered  per  molecule  is  48X10-16  sq. 
cm.  A  glass  slide  oiled  by  dipping  and 
slowly  withdrawing  from  this  oiled  water 
and  drying  in  a  horizontal  position  gave 
sliding  angles  ranging  from  6  deg.  to  20 
deg.  The  results  were  rather  erratic  and 
indicated  that  the  oil  was  not  uniformly 
distributed  over  the  slide,  but  was  concen- 
trated somewhat  on  those  portions  which  were 
the  last  to  dry.  If  the  slide  was  allowed  to 
dry  in  a  vertical  position,  the  upper  part  of 
the  slide  was  found  entirely  free  from  oil, 
while  the  rest  of  the  slide  was  uniformly 
covered. 


Freshly  split  mica  (biotite)  is  very  readily 
wetted  by  water  and  by  paraffin  oil,  but  oleic 
acid  and  molten  stearic  acid  form  globules. 
These  acids,  however,  leave  the  surface  greasy 
even  after  the  globules  have  been  removed. 
Paraffin  oil  behaves  as  it  does  on  glass,  that  is, 
a  gentle  stream  of  water  displaces  it  com- 
pletely from  the  surface.  Dipping  the  clean 
mica  into  a  water  surface  saturated  with  oleic 
acid  does  not  contaminate  the  mica,  but  with- 
drawing it  and  allowing  the  water  to  evap- 
orate gives  an  oiled  surface.  This  differs, 
however,  markedly  from  an  oiled  surface  of 
glass.  The  oil  is  given  up  in  larger  quantities 
in  the  talc  test,  and  after  the  surface  has  been 
repeatedly  passed  through  a  stream  of  water, 
it  becomes  wetted  nearly  as  easily  as  a  surface 
of  freshly  split  mica. 

A  glass  or  platinum  slider  gives  a  sliding 
angle  of  about  10  deg.  on  clean  mica  and  about 
■  hi  mica  which  has  been  dipped  in  water 
and  saturated  with  oleic  acid.  The  slipperi- 
ness  of  clean  mica  as  compared  with  clean 
glass  (sliding  angle  60  deg.)  is  very  striking. 


Platinum 

A  smooth  piece  of  platinum  foil  (1^  by 
3  inches)  was  polished  with  sea  sand  and 
ignited  to  a  red  heat.  It  was  readily  wet  by 
water  As  in  the  ease  of  glass  and  mica, 
platinum  does  not  become  contaminated  when 
dipped  into  oiled  water,  but  only  when  it  is 
drawn  out  and  dried.  Clean  platinum  gives 
a  sliding  angle  of  35  deg.  with  a  platinum 
slider,  and  30  deg.  with  a  glass  slider.  After 
dipping  once  in  water  saturated  with  oleic 
acid  and  drying,  the  sliding  angle  with  both 
glass  and  platinum  sliders  was  11  deg.  By  a 
second  dipping  the  angle  fell  to  6  deg.  with  the 
glass  and  12  deg.  with  the  platinum  slider. 
The  surface  after  single  dipping  loses  very 
little,  but  after  double  dipping  loses  a  con- 
siderable quantity  of  oil  in  the  talc  test.  The 
loss  of  this  oil  does  not  increase  the  sliding 
angle.  It  seems  that  only  the  oil  which  is  not 
in  true  contact  with  the  platinum  is  lost  dur- 
ing the  talc  test.  Repeated  passing  through 
a  stream  of  water  does  not  increase  the  sliding 
angle  or  the  tendency  of  water  to  gather  into 
globules  on  the  oiled  platinum  surface. 

Paraffin  oil  behaved  the  same  on  platinum 
surfaces  as  on  those  of  glass. 

Calcite,  Sphalerite,  Galena,  Pyrites  and  Magnetite 

Fresh  cleavage  surfaces  or  fractures  of 
these  minerals  were  all  readily  wetted  by 
water  or  paraffin  oil,  and  in  each  case  the 
paraffin  oil  was  readily  displaceable  by  water. 
The  clean  surfaces  all  became  greasy  by  dip- 
ping into  water  saturated  by  oleic  acid,  and 
in  every  case  it  was  impossible  to  remove  the 
greasiness  by  repeatedly  passing  through  a 
stream  of  water.  On  cleavage  surfaces  of 
calcite  and  galena  rough  qualitative  observa- 
tions showed  that  there  was  a  peculiar  fric- 
tion, as  in  the  case  of  glass. 

Measurement  of  Contact  Angles  of  Drops  of  Water 
on  Oiled  Surfaces 

Simple  observation  showed  that  drops  of 
water  behaved  rather  differently  on  various 
solid  surfaces  which  had  been  dipped  into 
water  saturated  by  oleic  acid. 

Drops  of  water  placed  on  oiled  glass  flat- 
tened out  to  a  layer  about  2  mm.  thick.  By 
tilting  the  glass  the  drop  would  advance  over 
the  surface  at  the  lower  edge,  forming  a  rather 
large  angle  of  contact,  while  at  the  rear  edge 
the  water  would  recede  from  the  glass  rather 
slowly,  and  the  angle  of  contact  was  much 
less  than  at  the  advancing  edge.  The  moving 
drop  was  usually  rather  irregular  in  outline. 
On  mica  the  depth  of  the  drop  is  less  than  on 
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glass,  and  the  drops  are  more  irregular  in 
shape  after  moving  over  the  surface.  With 
platinum  the  drops  of  water  become  thicker 
and  more  symmetrica]  in  shape,  while  on 
galena  they  show  a  still  greater  thickness  and 
regularity. 

To  obtain  more  definite  information,  drops 
of  water  ranging  from  0.7  to  about  1.22 
in  volume  were  placed  on  oiled  surfaces  and 
their  heights  measured  by  a  vernier  attached 
to  a  fine  point  brought  into  contact  with  the 
drop  and  subsequently  with  the  solid  sui 
on  which  the  drop  had  rested.  The  results 
are  given  in  Table  III.  The  figures  in  the 
columns  marked  h  represent  the  depths  of 
the  drops  in  millimeters,  while  e  is  the  average 
contact  angle  as  calculated  from  the  equation 

(1)  _    k  =  a\/r2sin  {y2B) 
where  a  is  given  bv 

(2)  a  =  v^8/(gp) 


case  a  ounl  oi  tali   wa    dusted 

""    to    the   drop   alter   measuring   it,    ,v 
gently  blowing  on  it   the  contaminated  sur- 
face wa     forced   to  one  side  where  il 
could  be  estimated.     The  an  always 

less  than  about  60  or  70  per  cent  of  the  whole 
surface,  so  that  the  surface  t  .-drop 

could    not    have   been   appreciabl 
This  conclusion  was  .lie, Ted  in  some  casi 

ing  the  measurements  after  the  surfaec 
hadbei  through  a  stream 

ol  running  water  until  drops  placed  on  tin- 
surface  were  no  longer  contaminated  In 
each  case  (except  mica)  the  results  remained 
unaltered.  In  calculating  the  angles  of  con- 
tact,  8  in  equation  (2)  was  placed  equal  to 
72. s,  so  that  equation  1 1 )  became  (3) 
fc  =  0.546  sin  {}/<£) 
The  measurements  given  in  column  II  of 
Table  III  were  made  after  the  drops  of  water 


TABLE  III 

HEIGHT   AND   CONTACT   ANGLES  OF   WATER   DROPS  ON   SURFACES  COVERED   BY 

MONOMOLECULAR  FILMS  OF   OLEIC   ACID 


Mica 

Quartz. .    . 

Glass 

Platinum.  . 
Calcite .... 
Sphalerite 
Galena. .  .  . 


I.      CLEAN  WATER 


mm. 
0.9 

2.i' 

2.9 
.3.1 
3.6 
3.7 


18  deg. 

45  deg. 
65  deg. 
70  deg. 
82  deg. 
86  deg. 


0.9 

1.2* 

1.5 

2.45 

2.75 

3.0 

3.35 


24  deg. 
31  deg.= 
42  deg. 
72  deg. 
82  deg. 
92  deg. 
106  deg. 


Here  8  is  the  surface  tension;  g  the  accelera- 
tion of  gravity,  and  p  the  density  of  water. 
This  equation  is  accurate  only  for  large  drops 
Those  actually  used  ranged  from  1.4  to  2.5 
cm.  in  diameter,  and  a  further  increase  in  the 
size  of  the  drop  did  not  appreciably  alter  the 
value  of  h. 

In  each  case  the  oily  surface  was  prepared 
by  dipping  a  thoroughly  cleaned  (or  cleavage) 
surface  into  water  saturated  with  oleic  acid, 
and  drying  at  low  temperature.  The  water 
drop  was  then  placed  on  the  surface  and  this 
was  shaken  and  sometimes  tilted  slightly,  so 
that  the  drop  reached  a  stable  shape.  The 
results  given  are  the  averages  of  several  obser- 
vations. In  most  cases  the  individual  obser- 
vations on  different  drops  agreed  within  about 
0.1  mm.  in  the  value  of  h. 

The  measurements  of  the  column  marked 
/  were  made  with  drops  of  clean  water.  In 
many  cases  the  drops  were  slightly  contam- 
inated bv  oil  from  the  solid  surface.     In  every 


had  been  touched  by  a  wire  dipped  in  oleic 
acid.  In  this  case  8  of  equation  (2)  was 
taken  to  be  42.8,  so  that  the  coefficient  of 
equation  (3)  was  0.418  instead  of  0.546. 

A  few  measurements  of  water  drops  were 
made  on  surfaces  of  paraffin,  stearic  acid, 
cetyl  alcohol,  myricyl  alcohol  and  cetyl 
palmitate  (spermaceti).  These  were  pre- 
pared by  spreading  the  molten  fat  or  wax 
over  a  glass  slide  while  cooling.  All  these 
substances  except  paraffin  tend  to  draw  up 
into  globules  on  the  glass;  cetyl  alcohol  does 
this  particularly  strongly.  To  get  a  uniform 
coating  it  was  necessary  to  "iron  out"  the 
wax  by  a  heated  glass  rod. 

On  solid  paraffin  the  height  i/;i  of  the  drop 
was  4.4  mm.  (2.5  mm.  after  adding  oleic 
acid).  The  contact  angle  of  the  pure  water 
was  thus  1 10  deg.  The  drop  in  this  case  tends 
to  slide  over  the  glass  with  the  utmost  ease — 
a  drop  weighing  0.8  gram  slides  when  the 
inclination  of  the  surface  is  only  about  2  deg. 
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With  stearic  acid  /;  was  3.9  mm.,  but  this 
could  only  be  realized  after  prolonged  wash- 
ing of  the  surface  to  prevent  contamination 
of  the  drop.  The  drops  of  water  are  much 
less  mobile  than  on  paraffin,  thus  a  drop  of 
0  8  tram  docs  not  slide  over  the  surface  until 
the  inclination  is  (i  deg.  to  8  deg. 

Myricyl  alcohol  gave  /z  =  4.1  and  gave 
results  resembling  those  on  paraffin.  Ce1  I 
palmitate  also  resembled  paraffin.  Cetyl 
alcohol  on  the  other  hand  became  wetted 
(<>r  nearly  so)  by  the  water,  but  the  water 
had  become  completely  covered  by  a  film. 
Even  very  prolonged  washing  of  the  cetyl 
alcohol  did  not  prevent  this  contamination  of 
the  surface  of  water  drops.  These  results  are 
cited  only  to  show  how  remarkably  specific  the 
properties  of  these  various  substances  are. 

DISCUSSION  OF  EXPERIMENTAL  RESULTS 

The  experiments  have  shown  clearly  that 
oil  films  of  molecular  thickness  are  sufficient 
to  alter  radically  the  surfaces  of  solids.  This 
is  shown  not  only  by  the  lubricating  prop- 
erties of  these  films  but  also  by  the  contact 
angles  made  by  water  drops. 

The  properties  of  these  monomolecular 
films  as  measured  by  their  contact  angles 
depend  apparently  as  much  on  the  character 
of  the  underlying  solid  as  upon  the  nature  of 
the  oil.  Thus  the  minerals  galena  and  sphal- 
erite give  much  larger  contact  angles  when 
contaminated  by  oleic  acid  than  those  ob- 
tained with  glass  or  quartz  under  similar 
conditions.  This  result  seems  to  be  incon- 
sistent with  the  theory  of  surface  tension 
discussed  in  the  early  part  of  this  paper 
according  to  which  the  surface  tension  de- 
pends only  on  the  nature  of  an  arrangement 
of  the  atoms  forming  the  actual  surface. 
From  this  viewpoint  we  would  be  led  to 
believe  that  the  upper  surface  of  oil  films  on 
solid  bodies  should  in  every  case  consist  of 
CH«  or  CHt,  groups,  and  thus  the  properties 
of  all  the  films  should  be  similar.  However, 
there  is  an  important  distinction  between 
the  case  of  an  oil  film  covered  by  a  water 
drop  and  the  surface  layer  of  a  pure  organic 
liquid.  The  water  drop  on  the  film  tends  to 
draw  the  active  groups  to  itself.  In  the  case 
of  oleic  acid  there  are  two  active  groups  in 
the  molecule,  namely,  the  carboxyl  and  the 
double  bond.  It  is  probable  that  "in  some, 
cases  both  of  these  are  rather  firmly  held  by 
the  underlying  solid,  while  in  others  only  the 
carboxyl  group  is  so  held  and  the  double 
bond  is  free  to  come  in  contact  with  water. 
Thus  on  galena  we  may  assume  that  both 


groups  are  held  by  the  solid  so  that 
the  water  has  only  a  little  more  tendency  to 
spread  on  the  oiled  surface  than  on  solid  par- 
affin. With  glass,  on  the  other  hand,  some  of 
the  active  groups  may  be  brought  to  the  upper 
surface  by  contact  with  water  so  that  the 
water  spreads  much  more  easily  than  over 
paraffin.  This  theory  readily  explains  the 
marked  difference  between  the  contact  angle 
of  an  advancing  and  receding  surface  on  glass 
contaminated  by  oleic  acid. 

Another  factor  which  must  be  taken  into 
account  is  that  the  spacing  of  the  molecules 
in  oil  films  on  solids  must  be  determined 
primarily  by  the  surface  lattice  of  the  solid, 
whereas  with  films  on  liquids  the  molecules 
are  able  to  arrange  themselves  largely  without 
reference  to  the  underlying  liquid.  As  a 
result  the  films  on  solids  are  ordinarily  not  in 
table  equilibrium;  many  molecules  are 
crowded  into  spaces  too  small  for  them,  while 
others  may  occupy  unnecessarily  large  areas. 
As  a  matter  cf  fact  in  all  the  experimental 
work  with  films  on  the  solids  the  results  were 
much  more  irregular  and  depended  much  more 
on  slight  differences  in  the  previous  history 
of  the  film  than  was  the  case  with  films  on 
liquids. 

To  test  this  theory  more  fully  it  will  be 
desirable  to  repeat  experiments  of  the  type 
described  above  with  many  different  kinds  of 
oils  and  fatty  substances. 

The  explanation  of  the  ease  with  which 
paraffin  oil  wets  solid  surfaces  and  yet  is 
easily  displaced  by  water  is  probably  as 
follows:  We  may  assume  that  the  attractive 
force  between  hydrocarbon  molecules  and  the 
solid  surface  is  greater  than  that  between 
hydrocarbon  molecules,  but  active  groups 
like  those  contained  in  water  or  oleic  acid  are 
attracted  to  the  solid  surface  very  much  more 
than  are  hydrocarbon  molecules.  The  par- 
affin oil  thus  readily  wets  the  solid  if  brought 
into  contact  with  it,  but  the  hydrocarbon 
molecules  are  readily  displaced  from  the 
surface  layer  when  either  water  or  oleic  acid 
is  present.  When  oleic  acid  is  forced  over  the 
surface  of  glass  a  monomolecular  layer  of 
this  substance  covers  the  glass.  The  acid 
draws  into  globules  on  this  surface,  however, 
because  by  so  doing  the  active  groups  can 
come  into  contact  with  each  other  (probably 
forming  clusters i.  whereas  if  they  remained 
spread  out  on  the  surface  they  could  only 
come  into  contact  with  the  less  active  portions 
of  the  molecules  forming  the  surface  film.  It 
is  evident  that  this  tendency  to  gather  into 
globules  does  not  occur  with  pure  paraffin  oil. 
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The  fact  that  clean  solid  surfaces  do  not 
become   contaminated    when    dipped    into  a 
water  surface   saturated   with    oL 
readily  explained  by  the  fact  thai  the 
groups    of    the    surface    film   arc    in    co 
with   the  water  and   arc   thus   turned 
from   the   solid   surface   while    this   i 
pushed  down  into  the  water.     ( >n  drawing  it 
out,  however,  the  active  groups  of  the  sur- 
face film  are  on  the  side  nearest  to  the  solid 
surface. 

The  peculiar  property  of  mica  in  giving 
such  a  small  sliding  angle  even  when  cleaned 
indicates  that  the  surface  is  covered  with 
water  molecules  with  their  hydrogen  atoms 
thoroughly  saturated  and  turned  outwards  to 
form  the  surface  layer.  The  great  ease  with 
which  mica  cleaves  and  the  readiness  with 
which  oil  films  can  be  washed  off  and  water 
can  spread  on  these  oil  films  is  also  a  result  of 
the  small  residual  field  of  force  extending  out 
from  these  surface  hydrogen  atoms. 

APPLICATION  OF  THE  THEORY  OF 
FLOTATION 

Formation  of  Froth 

The  formation  of  froth  depends  on  the 
presence  of  substances  which  can  form  a 
stable  monomolecular  film  over  the  surface 
of  each  bubble.  In  order  that  froth  may 
readily  form  it  seems  to  be  desirable  to  have 
present  a  soluble  substance  having  a.  strong 
tendency  to  be  adsorbed  on  the  surface  of  the 
liquid.  For  example,  a  small  amount  of  acetic 
acid  added  to  water  produces  a  rather  un- 
stable froth.  As  we  go  to  the  higher  fatty 
acids,  for  example,  valeric  acid,  the  tendency 
to  form  a  froth  is  much  increased.  On  the 
other  hand,  oleic  acid  does  not  readily  produce 
a  froth  unless  it  is  rendered  soluble  in  water, 
as  for  example,  by  forming  soap  by  the  addi- 
tion of  sodium  hydroxide.     Oil  of  pine  tar,  so 


n  tains 
solub:  act  in  this 

way.     The  presence  of  alkalies  in  floti 
be  avoidi  d 

of  the 

it  to  attach  itself  to  the  solid  particles. 

Oiling  of  the  Solid 

The  particular  properties  of  different  kinds 
of  oils  for  tins  purpose  must  be  mad.-  the 
subject  of  further  careful  study.  Thepresence 
of  small  amounts  of  acid  and  substance.-  ■ 
become  adsorbed  on  the  solid  surfaces  or 
attach  themselves  to  the  oil  films  would  be 
expected  to  alter  the  results  materially.  This 
subject  is,  of  course,  a  very  large  one,  and  will 
necessitate  much  experimental  work  before 
it  becomes  well  understood. 

Contact  Angle  of  Solid  Particles 

The  tendency  of  the  particles  to  attach 
themselves  to  the  bubbles  of  the  froth  is 
measured  by  the  contact  angle  formed 
between  the  oily  surface  of  the  bubble  and  the 
contaminated  surface  of  the  solid.  For  the 
case  where  oleic  acid  forms  both  films  the  data 
given  in  column  II  of  Table  III  are  applicable. 
The  results  indicate  that  the  selective  action 
by  which  substances  like  galena  are  separated 
from  quartz  and  calcite  is  dependent  upon  the 
contact  angle  formed  by  the  oiled  surfaces 
rather  than  by  any  selective  tendency  for 
the  oil  to  be  taken  up  by  some  minerals  more 
than  by  others. 

The  object  of  this  paper  has  been  to  show 
the  applicability  of  a  rather  new  viewpoint 
and  particularly  to  stimulate  further  research 
into  the  mechanism  of  the  flotation  process. 
I  am  much  indebted  to  Miss  Katharine 
Blodgett  for  carrying  out  most  of  the  experi- 
mental work. 
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Air  Conditioning 

Air  Filtration  Technically  Considered. 

Elec'n  (Lond.),Sept.30,  1921;  v. 87, pp. 410-412. 

(Results  of  tests  by  an   English  firm  on  air 
filters  used  in  connection  with  the  cooling 
system  of  15,000-kw. 'turbo-alternators.) 
Alternators 

New  A.C.   Generator   with  Asymmetric    \ 

Characteristic.  Brcslauer,  Max.  (In 
German.) 
Elek.  Zeit.,  Sept.  15,  1921;  v.  42,  pp.  1025-1029. 
(Describes  and  illustrates  a  new  alternator 
producing  asymmetric  current  for  use  in 
x-ray  and  electrochemical  applications.) 

Armature  Windings 

Laminated,  Transposed  Armature  Bars.  Punga, 
Franklin  and  Roos,  Hermann.  (In  German.) 
Elek.  und  Masch.,  Oct.  2,  1921;  v.  39,  pp.  485- 
489. 
(Illustrated  paper  on  theory  and  methods  of 
construction  of  the  B.B.C.,  A. E.G.,  and 
other  schemes.     Serial.) 

Cars,  Electric 

Urban  Transportation  Field  Analyzed.  Thirl- 
wall,  J.  C. 
Elec.  Rwv.  Jour.,  Oct.  1,  1921;  v.  58,  pp.  546- 
550.' 
(G-E  engineer  presents  an  analysis  of 
operating  costs  of  the  safety  car,  the  trolley 
bus  and  the  motor  bus.) 

Condensers,  Steam 

Relative    Efficiency   of   Various    Types    of   Con- 
densing Apparatus.     Brewer,  Allen  F.  and 
Stivers,  Frank  A. 
Mech.  Engng.,  Oct.,  1921;  v.  43,  pp.  672-673. 
(Shows  test  results.) 

Electric  Conductors 

Copper-Wire  Properties  and  Requirements  Gov- 
erning Installation.     Slack,  Edgar  P. 
Power,  Oct.  18,  1921;  v.  54,  pp.  590-591. 

(Includes  useful  tables  of  data  on  standard- 
ized stranding  for  copper  wire  and  on 
properties  and  installation  requirements 
of  copper  wires  and  metal  conduits.) 

Electric  Current  Rectifiers 

Advances  in  the  Construction  of  Mercury  Vapor 
Rectifiers.      Hopp,  W.     (In  German.) 
Elek.  Zeit.,  Sept.  15,  1921;  v.  42,  pp.  1032-1036. 
(Brief  review  of  recent  progress,  methods  of 
neutralizing  back-arcing,  simplification  of 
low-capacity  rectifiers,  etc.) 
Steel-Clad  Rectifier  Merits  Attention.     Milliken, 
J.  H. 
Elec.  Wld.,  Oct.  29,  1921;  v.  78,  pp.  863-865. 
(An  illustrated   discussion   of  large-capacity 
mercury  vapor  rectifiers  of  the  BBC  type.) 


Electric  Drive — Marine  Auxiliaries 

Electric  Auxiliaries  on  Merchant  Ships.     Dickin- 
son, E.  D. 
ALEE.  Jour.,  Oct.,  1921;   v.  40,  pp.  777-785. 
(G-E  engineer  discusses  various  applications 
of  electric  drive  for  ship  auxiliaries.) 

Electric  Drive — Mining 

Coal  Mine  Power  Transmission.     Adams,  W.  C. 
W.  Soc.  Engrs.  Jour.,  Oct.,  1921;  v.  26,  pp.  337- 
349. 
(On  the  general  principles  of  electric  power 
distribution   in   coal   mines.) 
Demand    Factor   of    Coal    Mining    Loads.      Lee, 
Carl. 
W.   Soc.   Engrs.   Jour.,   Oct.,    1921;   v.   26,   pp. 
350-359. 

Electric  Drive — Steel  Mills 

Economical     Generation     of     Electrical     Power. 
Clark,  A.  B. 
Assoc.  Jr.  &  St.  Elec.  Engrs.,  Oct.,  1921;  v.  3, 
pp.  479-491. 
(Pertains  to  power  generation  in  steel   mill 
work.) 

Electric  Furnaces 

Superheating   Iron   Electrically.      Elliott,   George 
K. 
Iron   Tr.  Rev.,  Oct.  20,   1921;  v.  69,  pp.   1007- 
1011. 
(Describes    a    special    use    of    the    electric 
furnace  in  foundry  melting.) 

Electric  Locomotives 

Characteristics     of     the     Electric     Locomotive. 
Storer,  N.  W. 
Frank.  Inst.  Jour.,  Oct.,  1921;  v.  192,  pp.  453- 
468. 
Some  Mechanical  Characteristics  of  High-Speed, 
High-Power  Locomotives.     Gibbs,   A.   W. 
Frank.  Inst.  Jour.,  Oct.,  1921;  v.  192,  pp.  469- 
495. 
(Concerned    principally    with    electric    loco- 
motives.) 

Electric  Meters 

Mechanical      Frequency- Meter      of      Telephonic 
Range.     Kennelly,  A.  E.  and  Manneback, 
Ch. 
Frank.  Inst.  Jour.,  Sept.,  1921;  v.  192,  pp.  349- 
359. 
(Illustrated  description.) 

Electric  Motors,  Induction 

Induction      Motor      Nomogram.       A      Movable 
Diagram    for    Reading    All     Performance 
Characteristics    of    Any    Three- Phase    In- 
duction Motor.     Warner,  R.  G. 
.4. /.£.£.,  Jour.,  Oct.,  1921;  v.  40,  pp.  808-814. 
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Electric  Motors,  Railroad 

Some  Mechanical  Causes  of  Flashing  on  Railway 
Motors.     Stotz,  J.  K. 
Elec.  Jour.,  Oct.,  1921;  v.  18,  pp.  481-482. 

Electromagnets 

Practical     Method     for     Calculating     Operating 
Characteristics  of  Magnet  Coils.     Under- 
hill,  Charles  R. 
Elec.  117,/..  (  let.  29,  1921;  v.  78,  pp.  872-875. 
(  Methods  of  estimating  current-time  relations 
and  distribution  of  energy.) 

Factory  Lighting 

Better     Illumination     Cuts     Production     Costs. 
Harrison,  Ward  and  others. 
Elec.  Wld.,  Oct.  15,  1921;  v.  78,  pp.  763-764. 
(Actual   test  data  to  show  increase  in  pro- 
duction due  to  improved  factory  lighting.) 

Gears,  Reduction 

Speed-Reduction    Gearing    for    Ship    Propulsion. 
Love,  Robert. 
Inst.  Engrs.  &  Shipbuilders,  Trans.,  Sept.,  1921; 
v.  64,  pp.  63-89. 

Hydroelectric  Development 

Requirements  in  the  Design  of  Steam  Power 
Stations  for  Hydraulic  Relay.  Powell,  E.  B. 
Mech.  Engng.,  Oct.,  1921;  v.  43,  pp.  650-652, 
674. 
(Discusses  the  selection  of  proper  steam- 
driven  equipment  to  compensate  for 
variations  in  available  water  power.) 

Inductive  Interference 

Inductive  Interference  as  Seen  by  the  A.  R.  A. 

Elec.    Wld.,  Oct.  15,  1921;  v.  78,  pp.  767-769. 

(Causes  and  effects  of  inductive  interference. 

Part  of  a  report  submitted  by  the  inductive 

interference    committee   of    the   American 

Railway  Association.) 

Power 

Electricity  Direct  from  Coal.     Polakov,  Walter  N. 

Ind.  Man.,  Oct.,  1921;  v.  62,  pp.  220-222. 

(Describes  a  proposed  scheme  for  producing 

electric   energy   direct   from   coal   through 

the  medium  of  a  galvanic  element  called  a 

"fuel-chain.") 

Radio  Communication 

Digest  of  United  States  Patents  Relating  to 
Radio  Telegraphy  and  Telephony  Issued 
June  21,  1921-August  16,  1921.  Brady, 
John  B. 
Inst.  Radio  Engrs.  Proc,  Oct.,  1921;  v.  9,  pp. 
442-465. 

Railroads — Electrification 

Freight  Service  on  Electric  Railways.   Stoffel,  T.  H. 
Elec.  Jour.,  Oct.,  1921;  v.  18,  pp.  474-476. 
(Short  article  on  general  principles  involved 
on  electric  locomotive  lines.) 

Reactors 

Application    of    Reactances    to    Large    Systems. 
Coates,  W.  A. 
Beama,  Oct.,   1921;  v.  9,  pp.  330-334. 

Statistics — Fuels 

Analysis  of  Industrial   Power.     Goodwin,  Jr.,  H. 
Power,  Oct.  18,  1921;  v.  54,  pp.  584-588. 

(Includes  extensive  tabulated  and  graphic 
statistics  on  industrial  power  equipment 
and  on  fuel  consumed  in  the  Superpower 
Zone.) 


Steam 

Various   Determinations  of  the  Specific  Heat  of 
Steam   and   Their   Technical   Significance. 
Schmolke,  II 
Mech.   Engng.,  Oct.,   L921;    v.  43  pp.  675-677. 
(Mathematical  article   translated  from   Zeit. 
tui  Dampfkessel  und  Maschinenbetn 
Steam  Plants 

Past  and  Future  Development  in  Power  Plants. 
Hirshfeld,  I 
Elec.  Rev.  (Chgo.),  Oct.  1,  1921;  v.  79,  pp.  509- 
515. 
(Paper  before  Cleveland  Section  of  A.  S.  M. 
E.  Analyzes  the  steam  power  plant 
situat  i 

Steel — Electrometallurgy 

Features  of  Electric  Tool  Steel  Practice.     Green, 
W.  J.  and  Green,  S.  Stuart. 
Iron  Age,  Oct.  27,  1921;  v.  108,  pp.  1061-1064. 
(A   general    discussion   of   the    manufacture 
of  electric  furnace  tool  steel.) 
Superheaters 

Steam    Superheaters:      Their    Design,    Construc- 
tion, Application  and  Use.     Oatlev,  H.  B. 
Mech.  Engng.,  Oct.,  1921;    v.  43,  pp.  663-669. 
Vacuum  Tubes 

The  Negatron.     Scott-Taggart,  John. 

Elec'n  (Lond.),  Sept.  23,  1921;  v.  87,  p    386 
(Abstract     of      paper     before      the     British 
Association.     Illustrates  and  explains  the 
principles    of    a    new    negative    resistance 
vacuum  tube  for  radio  work.) 
Water  Turbines 

The    Kaplan    Turbine:      Its    Construction    and 
Application.     Reindl,    C.      (In    German.) 
Zeit.  des  Ver.  Deut.  Ing.,  Oct.  1,  1921;  v.  65,  pp. 
1035-1040. 
(Treats  of  the  development,  advantages  and 
possible  applications.    Presents  test  results 
showing  its  behavior  under  various  operat- 
ing conditions.     Serial.) 
Water  Turbines — Speed  Regulation 

Speed     Regulation    of     Hydraulic     Turbines — I. 
Carpenter,  John  S. 
Power  PI.  Engng.,  Oct.  1,  1921;  v.  25,  pp.  947- 
950. 
(Theory  and  practical  examples.     Serial.) 

NEW  BOOKS 

Diagnosing  of  Troubles  in  an  Electrical  Machine. 
Walker,  Miles.  450  pp.,  1921,  N.  Y.,  Longmans, 
Green  and  Company. 

Electrical  Rates.  Watkins,  G.  P.  228  pp.,  1921, 
N.  Y.,  D.  Van  Nostrand  Company. 

Electricity  in  Steel  Works.  McFarlane,  Wm.  109 
pp.,  1921,  N.  Y.,  Sir  Isaac  Pitman  &  Sons.  Pit- 
man's technical  primers.) 

Heating  Systems.  Ed.  2.  Raynes,  F.  W.  324  pp., 
1921,  N.  Y.,  Longmans,  Green  and   Company. 

Orifice  Meter  and  Gas  Measurement.  Brown, 
Willis  C.  and  Hall,  M.  B.  112  pp.,  1921,  Fox- 
boro,  Mass.,  Foxboro  Company,  Inc. 

Power  Factor  Correction.  Clayton,  A.  E.  108  pp., 
1921,  N.  Y.,  Sir  Isaac  Pitman  &  Sons.  (Pitman's 
technical  primers.) 

Testing  of  Continuous  Current  Machines.  Smith. 
Charles  F.  102  pp.,  1921,  X.  Y.,  Sir  Isaac 
Pitman   &    Sons.      (Pitman's   technical   primers.! 

Wiring  for  Light  and  Power.  Ed  3.  Croft,  Terrell. 
1921,  N.  Y.,  McGraw-Hill  Book  Company,  Inc. 
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A  laboratory  that  can  practically  duplicate  Nature's  electrical 
phenomena  has  an  immense  capacity  for  service  to  industry 


The  G-E  Oxide 
Film  Lightning 
Arrester,    high 
in  ability  to  protect,  simple 
in    construction,     sturdily- 
built,  easily   installed  and 
maintained. 


Type  H  220.000  volt.  8.333 
kv-a.  Transformer.  An- 
other milestone  of  elec- 
trical progress  recently 
completed. 


Current  Limiting  Re- 
actors can  be  applied  to 
all  classes  of  service 
where  it  is  desired  to 
control  short  circuits  or 
limit  the  current,  as  in 
generator- leads.  bus- 
bars, tie  and  feeder 
circuits,  etc. 


1,000,000  Volts 

r.  m.  s.  value 

Ten  years  ago  this  High  Voltage  Laboratory  was  built  by 
the  General  Electric  Company  at  its  Pittsfield  plant  10 
broaden  the  study  of  high  voltage  and  high  frequency 
phenomena.  Hitherto  such  advantages  had  not  been 
available. 

These  facilities  have  been  invaluable  in  the  development 
of  advanced  types  of  apparatus  such  as  High  Voltage 
Power  Transformers,  Oil  Filled  High  Voltage  Bushings, 
Aluminum  Cell  and  Oxide  Film  Lightning  Arresters,  High 
Speed  Sphere  Gaps,  the  Impulse  Generator  for  commercial 
testing  of  High  Voltage  Apparatus  and  Devices,  the 
Current  Limiting  Reactor  with  Current  Resistor,  the 
improvements  in  High  Voltage  Insulator  Shield — all 
pioneer  developments  of  the  General  Electric  Company. 

In  this  laboratory  the  laws  of  Corona  were  first  estab- 
lished— laws  that  are  now  being  used  as  the  basis  of 
everyday  work  the  world  over.  Here  have  visited  the 
world's  foremost  electrical  engineers  and  the  General 
Electric  Company  is  indebted  to  them  for  much  helpful 
cooperation  and  support. 

The  immense  facilities  which  this  laboratory  typifies 
stand  back  of  every  Type  H  Transformer — The  Standard 
of  Quality. 


General  Office 
Schenectady  NY. 


Sales  Offices  in 
all  large  cities 
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